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PREFACE

In view of the recent advances in biology during the last ten years we
found it essential to add new parts especially those dealing with cell biology
and molecular biology. Thus the student is introduced to the fundamental
molecular plan and structure that is the basis of all life. In this edition a
revision is made to both histology and systematics. Some parts has been
omitted, others beirg added, and new illustrations are incorporated. In
addition more empkasis has been given to the interrelationships between
organisms, man and environment,

This book is intended to be an intradactory biclogy book for prospective
biologists especially those in their first university vear. It will help them to
understand the various topics of zoology It coverd most fields, and it is
more educational than an arbitrary selection of and concentration on
certain topics of the field.

It is a pleasure to acknowledge the debt we owe to our colleagues
for their constructive comments. Our thanks are also due to our
publisher, DAR-EL-MAARLF, particulary Mr. MOHAMMED ABD
EL-RAHMAN fo- their patience and encouragement.

The authors



PREFACE OF
THIRD EDITION

In the third edition o™ “PRINCIPLES OF ANIMAL BIOLOGY”
which appeared previously in two volumes, it is decided to publish it in
one volume, but it still retains the previous style. A revision was done in
the'systematic in view of the latest developments in this field. Some parts
‘have been omitted, others are being added, and new illustrations are in-
corporated. An introductory part of the recent classification of organisms
is given. More emphasis has been given to the medical importance of
msecty,

In view of the helpful comments and suggestions of our colleagues
some alterations were don= dnd we are grateful to them. Any further
comments are welcomed and will be taken in consideration in the future
revision and publication. Our aim is to fulfil the need of our students
especially those studying Zoology in their first year at the University,
Thus a brief but uniform coverage of most of fields of zoology was found
more educational than an arbitrary selection of and concentration on
certain areas of the field.

We wish to acknowledge our colleagues for their constructive suggestions

and their interest. Qur thanks are also due to DAR-EL-MAAREF for
helping in the issue of this baok.

The Authors.
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midgut through the grooves of the gizzard. In the gizzard food is crushed
and only fine particles are passed into the mid gut. The mid gut and hepatic
caeca secrete enzymes that act upon proteins and fats in an acid medium.
In the cockroach all classes of enzymes are produced exzept that represent-
ed by pepsin which is characteristic of vertebrates. Digestion in the midgut
proceeds in a thin chitinous tube, the peritrophic membrane which is secret-
ed by special éells lining the gizzard. The peritrophic membrane is perme-
able to enzymes and digested food. It protects the lining of the midgut
from hard food particles. Digested food is absorbed .n the midgut and
hepatic caeca. In the rectum water is absorbed from undigested food, a
means of conservation of water in insects. Some of the absorbed food is
stored as reserve food in the form of glycogen, fat and albuminous substan-
ces in the fat bodies lying in the haemocoele,

Respiratory system

The respiratory system of the cockroach consists of :

1. a series of paired respiratory openings, the spiracles, on the sides
of the body. The spiracles are guarded by valves which can open and close
by special muscles to regulate the flow of air.

2. a system of longitudinal tubes which extend throughout the length
of the body on each side forming dorsal and ventral trunks. These
trunks are connected with the spiracles and with one znother and anasto-

mose to form a network of tracheae which send branches to every part of
the body (Fig. 210).

3. a series of muscles and skeletal structures by which the insect can
pump air in and out of the system of tracheae. By alternate expansion and

contraction of the abdominal cavity, alternation of inflow and outflow of
air takes place.

A trachea (Fig. 209) is covered with a single layer of thin epithelial
cells, and is lined by a thin cuticle called intima whick in large tracnheae
forms spiral thickinings to prevent them from collapsing. Each trachea
ends into a stellate end cell, the tracheal cell from which arises a number
of fine tracheoles which are lined with a very thin cuticle without spiral
thickenings. The tracheoles are less than | micron in diameter and they
are connected directly to tissue cells where they surrourd the cells and end
blindly within them. Thus, the cells obtain their oxygen from the air
directly and not through the blood.
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PART ONE

THE CELL






INTRODUCTION

Though the term “cell” was identified as long as 1665 when the
English man, Robert Hooke, first saw the cells of cork, the ground work
of the cell theory was not established until the early part of the nineteenth

century.

In 1838, the British botanist, Robert Brown, found a small body in the
cell and called it the “nuclens’”. In the meantime a German botanist,
Schleiden (1938) and a German zoologist, Schwann (1839) were commonly
given credit for the formulation of the ‘“cell theory” which stated that all
plants and animals are formed of similar cellular units.

In 1840, Purkinje was the first author who gave the name “protoplasm”
to the cell contents. In 1861, another German zoologist, Max Schultz,
defined the cell as a mass of protoplasm containing a nucleus.

Since the time of thé above mentioned authors, considerable knowledge
concerning cells has been accumulated. With Virchow’s statement in 1853
that cells arise only from preexisting cells {theory of “cell lineage”), the
stream of research took a turn that broughtit into alliance first with
embryology, and then, at the turn of the twentieth century, with

cylogenctics,

In more recent years, the development of biochemistry and of new
physical and chemical microtechniques has led to an interest in cytoche-
mistry and in the ultra-fine structure of cells, with the result that cytology
and cellular physiclogy become no longer regarded as distinct and
separable subjects. In this part of the book, a brief description of the cell
and its main components, as seen by the new physical instruments and test-
ed by chemical microtechniques, is given.



CELL STRUCTURE AND FUNCTION

The modern microscope has revealed an astonishing diversity in the
form and structure of the cell. Cells may be shaped like rods, spirals
rectangles, spheres, snow flakes, runner beans and blobs of jelly. In some
cases, the shape of the cell is dictated by its surrounding environment; this
is apparently of the rectangular cells found in the stalk of a plant and of
the spherical floating eggs of certnin marine animals. In other cases, the
shape of cell depends on its function; the human bloed cells, for instance,
are saucer-shaped and fairly flat to permit the ready transfer of the oxygenr
and carbon dioxide thsy carry throughout the body, while nerve cells have
long, thin extensions to transmit messages.

CYTOPLASM
MICROVILLI (o U7 Yo ZYMOGEN GRANULE
25\ S 382\ GOLGT APPARATUS

NUCLEAR

LYSOSOME &K
MITOCHONDR] A

P, o PLASMIC
SO ENDO _
BASEMENT MEMBRANE RETTCULUM

Fig. | — An animal cell as seen by tke clectron microscope.
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The size of the cell ranges from that of a microbe which is about 10
microns (the micron = 11000 mm.). in diameter to that of an ostrich egg
which may reach the size of an orange. Inspite of this diversity all cells
are built according to a fundamental design which provides them with
certain common features apparently necessary to life.

Older cytology depended very much on visual examination by the
ordinary microscope. But, there is nowadays a new look in this connection
particularly after the use of modern instruments such as the electron micro-
scope, spectrophotometers and colouremeters and the use of cytochemical
tests.

As shown in Figs. 1 the cell consists of two main interdependent parts,
the maecleus and the surrounding cytoplasm which are generally refer-
red to as the protoplasm; a term denoting living matter.

THE CYTOPLASM

It is the living substance found inside the plasma membrane and
external to the nucleus. It contains the organclles and includes the bulk
of cell contents. It is s=mifluid, semitransparent, visco.s, elastic substance.
It varies from cells of one species to another, and from one cell to another
in the same species. It consists of 75-909%, water and the remainder of solid
materials including proteins, lipids, carbohydrates, acids and other
inorganic and organic compounds. The cytoplasm is a complex highly
organized chemical and physical system.

Physically, the cytoplasm is neither a solid nor a liquid, it is a system
‘composed of both solid and liquid. The inorganic constituents and most
carbohydrates, are soluble in water and are present in true solutions. The
majority of organic compounds, especially proteins and lipids, are present
as colloids. In true solutions the particle size of the components is too
small and the dispersed particles will not settle. In colloidal solutions the
paricles range from 0.00I to 0.1 u and remain suspended on account of
the same electric change which causes them to repel each other.

Cytoplasmic colloids undergo reversible sol-gel transformation. In
a sol state, the colloidal particles are dispersed in a random fashion. In
the gel state the parsicles interact to form a network. The transformation
from sol to gel or the reverse is brought by changes of temperature, con-
centration of various cytoplasmic components, and salt concentration as
well as other factors. Example, gelatine, at high temperature it is in 2 sol
state, when the temperature is lowered it becomes.a gel.
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The cytoplasm differs from ordinary colloids in :

(a) Colloidal components are systematically organized.
() It contains czll organoids (organelles).

CELL ORGANELLES

(i.e. little organs)

These are highly organized and specialized portions of the cytoplasm
which play an imporitant role in cellular maintenance. growth, repair
and continuity.

Centrioles (Fig. 2 a)

In the cells of many animals and protistans, one pair of small cylindrical-
shaped organclles are found in the nuclear region. These are called cen-
trioles. Fach centriole consists of a hollow cylinder 300-500 mu long
and 1530 mu in ctiameter. Tts wali is composed of nine evenly spaced, triplet

it

Fig. 2 a — Electron micrograph of a centriole.
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hollow tubules embedded in rather dense amorphous matrix, one end of
the centriole appears opened while the other i closed. One of the cen-
tricles lies 50 that its long axis is perpendicular to the other. Before cell
division each centriole is duplicated so that each daughter cell receives
one pair.

Function

1. They assume a role in cell division.
2. They may serve as basal body from which cilia and flagella emerge.

Golgi Apparatus (Golgi Complex) or Dictyosemes (Fig. 2 b)

Fig. 2b — Dizgramatic scheme of the *‘Golgi apparatus™ as seen in section and top view
by clectron microscope. (after Pleiffer)

It was first described in 1898, by an Italian physician Camillo Golgi.
It is present in animal and plant cells. It is usually found in the area of
smooth endoplasmic reticulum. Structurally dictyosomes appear as a
series of flat cavities lined by smooth ER. It is characterized by a system
of several parallel stacked saucer-shaped elements called cisternae. These
are in the form of four to eight flat or curved layers. Golgi vesicles are
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<lustered at their ends. There is evidence that the smooth unit memhbranes
of Golgi complex are continuous with those of the ER. Golgi complex is
prominent in protein secreting cells.

Functions

{a) Storage of secreted products. In pancreatic cells the enzyme zymogen,
which may be synthesised in the ribosomes appears to move into the
channels of the ER and from there into the Golgi complex, where the
enzyme is stored and released by the cell through the ER. Thus the
Golgi complex is not involved in synthesis of secretory products.

(b} It may be used for transport of substances from one area to another
within the cell, i.e. storage and distribution of materials within the
cell.

{¢) It may play a role in keeping a proper concentration of water in the
protoplasm.

{d) It may be a site of plasma membrane synthesis and formation.

Mitochondria

These are small spherical, rod or filamentous-shaped bodies varying
in size from 2-10 u long to 1-2 u wide (Fig. 1). They are present in both
animal and plant cells and are the principal sites of energy production.
The size, shape, and distribution of mitochondria is fairly constant in each
type of cells. In the Hlight muscles of certain insect these may be lower,
5000 mitochondria ;per cell.

Electren micioscope showed that the mitcchondrion consists of a double
unit membrane similar in structure to the plasma membrane (i.e. lipid
and protein in nature). The outer membrane is smoath while the inner
membrane is thrown into a series of folds or cristae into the matrix (Figs.
1 and 3 2 ) These cristae take various forms in different cells. They contain
subunits (100 A® in diameter) called elementary particles which may be
related to the functional respiratory units in the cristae. The aqueous
matrix enclosed by the inner membrane contains a vast array of chemicals
in various stages of synthesis and breakdown. The cristac contain a highly
ordered-sequence of enzymes that regulate the cell respiration (i.e. enzymes
concerencd with energy releasing), and hence the generation of energy.
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L]
Fig. 3a — Diagramatic scheme of a “mitochondrion” cut iato two halves as seen by
the electron microscope. (after Pleiffer)

Function

The mitochondria fllustrate - like other cell organelles - a high degree
of correlation between structure and function. These are considered as
the “power house of tae cells”. The cristae are arranged in a specific pattern
in the form of uneven incomplete folds. This pattern affords an enormous
surface area for chemical reactions, a great deal of reaction space, and the
possibility of molecules orienting themselves in a linear arrangement.

By means of enzymes, organic acids derived from the breakdown of
more complex molecules (carbohydrates, amino acids and proteins) are
further broken down into carbon dioxide and water as a part of a stepwise
series of reactions termed respiration. Each reaction is catalyzed by a
spetific enzyme. Some of the energy released is not dissipated as heat but
is passed on to other molecules that contain phosphates where it is stored |
in high energy phosphate bonds, i.e. ATP (adenosine triphosphate). This
molecule is then secreted by the mitochondrium, and utilized in the cell
whenever energy is needed.

Mitochondria are capable of self replication, and they contain their
own genetic or hereditary information in the form of circular DNA mole-
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cules. Mitochondria also contain RNA and ribosomes along with other
factors in protein synthesis. '

Lysosomes

These appear in the form of spherical membrane-enclosed structures
somewhat smaller than mitochondria. They are surrounded by a single
external membrane and lack internal structures. They function as storage
vesicles for digestive enzymes; hence their name (lyso = degrading, digest-
ing). The outer membrare is impermeable to the outward movement of the
enzymes and is resistant to their action. It is believed that lysosomes store
enzymes formed on ribosomes in the ER. The latter passes these enzymes
to the Golgi complex where they are enclosed in membranes. When lyso-
somes fuse with food vacuoles or old organelle they become activated and
digestion takes place. Lysosomes are prominent in phagocytic protozoans
and cells. The lytic enzymes break down large proteins, lipids and carbo-
hydrates, to simple compounds which are used in the synthesis of new
organelles or utilized as energy sources by the mitochondria.

Endoplasmic reticulum (or ER Fig, 3 b)

Fig. 3 b. — Diagramatic scheme of a portion of “enodeplasmic reticulum,” as seen by
the electron microscope. {after Pleiffer)
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It is found in all nucleated cells. Tt is a system of parallel membranes
(similar to the cell membrane) enclosing narrow cavities of various shapes.
In some cells it appears as fine tubules (50-100 mu in diameter), in others
the membrane bound-cavities form fattened sac-like suuctures called
cisternae. On the surface of the tubules and cistermae are areas where
biochemical reactions occur. The ER system may be more or less conti-
nuous between the olasma membrane and the nuclear envelope and is
assumned to be part of the cells’ complex membrane. Cells in which syn-
thesis is intense (e.g. hepatocytes) have a highly developed ER.

Functions

(a) ER acts as a cytoskeleton that provides a great amount of surface for
chemical reactions.

(#) It acts as a pathway for transportation of cellular molecules.
{¢) It 1s used for storage for synthesized molecules.

(d) Tt acts as a passage of substances back and forth between the eytopl-
asmic and nuclear membranes.

{¢) It provides the site for attachment for the ribosomes.

Rikosomes (Figs. 3 band 4}

These are small particles, each composed of two subunits of unequal
size, both of which contain a protein and ribonucleie acid. Together these
subunits are the site of protein synthesis in the cell. When no ribosomes
are present on the endoplasmic reticulum it looks smooth, However, the
ER with attached _ribosomes appear rough or granulated, hence called
rough ER. When ribosomes are organized in groups or clusters they are
called polyribosomes. Ribosomes are also found in mitochondria and
plastids.

Function : Ribosomes are the sites of protein synthesis.

Microtubules and microfilaments

These are thin wbe-like structures (200-300 A° diameter), which are
mainly common in the center of the cell where they are often closely related
to the centrioles. These structures form the spindle apparatus during cell
division, They were found in the tail of many sperm cells, in axons and
in the cytoplasm of other cells. Microtubules have no regular distribution
in animal celis.
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Functions

(@) Microtubules may act as cytoskeletal elements that play a role in
maintaining cell shape by causing stiffness in certain areas of the cell.

(6) They may be involved in internal movement of the cytoplamm and
alternations in cell shape.

On the other hand, there are thinner structures (i.e. 50 A®) which are
called microfilaments.

PLASMA MEMBRANE

It consists of equal parts of proteins and lipids. The original formulat-
ion of the plasma membrane was of a biomolecular lipid layer sandwitched
between two nondescript layers of molecules called unit membrane
(Fig. 5a). In this case the phospholipid molecules are placed in such a
way that their hydrophobic fatty acid chains are adjacent.

Fig. 5 2 — The classical model of plasma membrane structure : 1, globular protein,
2, protein in extended form; 3, hydrophilic ends of lipid molecules; 4, hydrocarbon
chains of Lipid molecules.

Recently it is found that protein molecules vary from ceil to cell. (Fig.
5b). The surface proteins of any single cell do not appear to be uniforraly
distributed. It is of a lipid layer in which various proteins reside. Some
proteins are extremely large and protrude through the lipid layer thus ex-



Fig. 5 b—A cros-sectional view of a membrame in which globular micelles of lipid are

in dynamic equilibrium with a bimolecular exflet of lipid. A layer of protein or glyco-

protsin or both is known on ecach side cf the lipid layer. The structure of each

lipid moleculs is illustrated in a diagrammatic “ashion: only a polar group (O) and a nen-

polar moiety {wavy line) are shown. and the lipid may be phospholipid or non-phesphe-

lipid. One globular micelle of | pid has been replazed by a globular protein molecule (Pr)
which may be a fuactional enzyme.

tending from the cycloplzsmic side of the membrane to the extracellular
surface. Other proteins may be found only on the inner or outer surface
but not bhoth.

Function

The ¢ell membrane is r=sponsible for maintaining the structural integrity
of the cell. It also regulatzs the flow of material in and out of the cell.

Physically the membrane behaves as if it possesses various size pores
which permit the entery of molecules. Taese pores never exist. The mecha-
nisms which control the entry of molecules in the cell are :

1. Diffusion which involves the membrane either by : lipid soluble
molecules entering by simple diffusion where molecules pass from a region
of higher concentration to a region of lower concentration as a result of
their intrinsic energy, ¢.g. acetyl alcchol. (i.e. passive transport).

2. By a carrier-mediated transport such as highly charged ATP or
polar molecules as glucose Glucose i bound to a protein that carres it
through the lipid bilayer and deposits it in the cytoplasm. Sometimes the
carrier-mediated transport requires celular energy and may even work
against a diffusion gradient. Such a prozess is called active transport, ¢.g.
the cell maintains the K* zoncentration higher on the inside of the nerve
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cell than on the outside. If this system failed, i.e. Kt are equal on either
sides the nerves could ne longer conduct electrical conductivity.

In some cells the cell membrane is modified to microvilli {when
exposed to a lumenj giving the surface a brush appearance. These i1crease
the absorptive surface of the cells. Sometimes two adjacent cells are held
by desomosomes where the two cells are held together by discon:inuous
alternations of their lateral borders, tonofilaments are attached to desomo-
somes.

3. Phagocytosis Is an active process of absorbing materials by inward
folding of a portion of the plasma membrane. A vacuole is formed which
floats [reely in the cytoplasm. This occurs in some Protozoa, and in the
white blood cells of many animals. Phagocytosis also permits molecules
t0 which the membrare is normally impermeable to enter cells along with
ingested particles.

Pinocytosis is another process which involves the engulfing of a liquid
containing small partizles by adsorption on the cell surface. This occurs
cither by the infolding of the cell membrane where the vacuoles are forimed
at its end or are detached directly from the membrane surface.

The plasma membrane may be modified 1o form :

{a) Microvilli which enormously increases the absorptive surface (200
million of micrevilli/mm? of the intestine).

{8) Desmosomes which are local thickenings of the opposing surfaces from
which fine filaments radiate into the cytoplasm, e.g. in epithelial cells.

(¢) Rods and cones of the eye serving as photoreceptors. The upper
portion of each rod consists of disc-shaped double layered membranes
(sacs) which contain the pigment involved in vision.

(d) The myelin sheath of an axon is formed of concenwic layers of the
plasma membrane. This sheath serves for : 1) protection of the nerve;
2) assists in transmission of impulses, and 3) plays a role in nutrition.

The cell membrane may be surrounded by another structures such as:

{a) The cell walls of plant cells which are nonliving structures which has
protective and supportive functions, and in addition, determine shape
and texture of the cells. The cell wall consists of : an intercellular
substance called middle lamella, a primary cell wall and a secondary
cell wall.,
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(5) The intercellular substances which include a large number of materials
that form the matrix in which the cell lives. They are non-living,
produced by the cells and fill the spaces between the cells. Their
functions are :

f1) They provide strength and support to the tissues.

‘1) Act as medium for the diffusion of nutrients and waste products.

Intercellular substances may be :

(a) Amorphous such as hyaluronic acid and chondroitin. Hyaloronie
acid is a viscous fluid-like mucopelysaccharide capable of binding
readily. It binds the celis together and acts as a lubricant in the fuids
of joints and in the humors of eye. It may act to retain water and mai-
ntain the shape of the eye. Chondroitin is jelly-like and is found in
cartilage, bone, in the aorta, heart valves, in the cornea of the eye
and in the umbilical cord. It provides support and adhesiveness while
affording a degree of flexibility.

(#) Fibroses intercellular substances provide strength and support for the
tissues. These include collagen {collagenous fibers), elastin (elasde
fibers) and reticulin (reticular fibers) all are made of complex proteins.

CELL INCLUSIONS

These are materials which are prodaced as a result of the cell acrvity.
They are mostly organi¢ in nature and are not constant in the cell, Le.
they appear and disappear at different tmes in the life of a cell. Some are
siored as reserve materials, others are products of biochemical activides,
while others have characteristic forms in the cell. In animal cells these
inclusions include stored secretory granules, droplets or crystals which
appear as zymogen granules (pancreas), mucus !intestinal epithelium),
melanin (pigment of skin, hair and eyes of mammals), glycogen (stored
polysaccharide) in the liver, lipids (in fat cells) and haemoglobin crystals
(red blaod cells). In plant cells the cell inclusions are conspicuous and
include the vacuoles which are fluid-filled spaces, or specialized vacuoles
such as food and contractile vacuoles of some Protozoa. In addition starch
grains, and crystals of inorganic origin (e.g. calcium oxalate, calcium
carbonate, calcium sulphate etc.) are seen in plant cells. Protein, lipid and
starch inclusions are formed when excess foods are produced by the plant
cell and they may be digested and uulzed during periods of minimum
food synthesig.
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THE NUCLEUS

It i3 an essential component of nearly all the cefls. [t is the con-
trolling center of the cell containing the chromosomes. Withour the
nucleus the cell may continue to live for a limited period, bue it can neither
grow nor undergo progressive differendation. Thus the mammalian red
blood cells and the cells comprising the center of the lens of the eye are
somewhat restrictetl in their metabolic activides and are not capable of
growth or division. The nucleus is the source of information that controls
cell morphology. This was proved by Rammerling in his experiments with
Acetabularia mediterranea and A. crenulata.

The nucleus not only excercises control over structure ir also influe-
nces cell function. [f Amoeba is cut into two parts, the nucleated half
functions, while the enucleate portion cannot form pseudopodia, cannot
ingest food, and cannot metabelise, grow or reproduce. If a nucleus or
the nucleated portion is wansplanted into this enucleate portion it
lives normally. '

The nucleus may assume various shapes being spherical, oval,
elongated etc. with more viscous contents than those of the cytoplasm.
Most cells contain one nucleus, some mav contain more than a
nucleus, i.e. multinucleated. The nucleus is surrounded by the nuclear
membrane.

Nuclear membrane (nuclear envelepe) (Fig. 6)

[t is a2 double unit membrane with a caviry, the perinuclear cisterna,
between them. This structure resembles other cellular membranes both
in appearance and chemistry. The nuclear membrane is provided by
minute pores whizh communicates with the endoplasmic reticulum. These
pores may facilitate an exchange of raterial between the nucleus and
cytoplasm. The nuclear membrane regulates the flow of material in and
out of the nucleus.

The nuclear membrane surrounds a gel-like cyroplasm called nuclear
sap or nuclear matrix, one or more nucleolei and a thread-like network
called chromatin.
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NUCLEAR “Emfmsint

CHADMATIN

Fig. 6 - - A model of the nucleus and irs main parts. rafier Pleiffer

Chromatin

At the beginning of cell division, this chromatin changes into long,
thin granular threads called chromatin strands which then shorten and
thicken toform a definite number of chromosomes of specific sizes and
shapes.

During the early prophase stage of mitosis, there appears a pair
of fiber-like chromonemata, or gene strings, which are often coiled
and run lengthwise within the chromatin material (Fig. 7a). Each chro-
monema has a special region called a centromere or kinetochore for
attaching it to the spindle when migrating toward the opposite poles
during mitosts.

Later, the chromonemata thicken and acquire an accumulation of
matrix which suwrrounds them. The two ch-omonemata and their matrix
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CENTROMERE

Fig. 7 a — Chromosome in diagramatic detail.

constitute what is known as the chromatids. When cells divide and the
chromosomes lie at the equatorial plane, the two chromatids of each chro-
mosome move away from each other toward opposite poles.

Attached to each chromonema in a linear series, are numerous bead-
like chromemeres of various sizes, shapes and arrangements which seem
to be specific and unique for each noumal chromosome. As a matter of
fact, the size, shape and number of chromosmes for each living organism
are constant.

Chromosomes are of two main types : autosemes and sex-chromo-
somes. For example, the firuit fly, Drosophila melanogasier has three
pairs of autosomes and one pair of sex-chromosomes, (Fig. 7b.). In the
female, the sex-chromosomes are alike and each is called the x~chromo-
some while in the male there are an x-chromosome and a different
Y-chromosome.

FM&;R g
NG A ey

Fig. 7 b — Chromosome in male and female “Drosophila melansgaster”

Nucleolus

In almost all resting nuclei, are embedded one or more amorphous,
spherical or occasionally rod-shaped bodies of higher density and refract-
veness than the surrounding ground substance (Figs. 1 and 2). With
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appropriate fixation, the nucleoli stain deeply with basic dyes. As a rule,
they break up and gradually disappear as the nucleus begins to divide and
are reconstructed at the beginning of the next resting stage.

The nucleolus is composed of ribonucleic acid {RNA) and a high con-
centration of protein. Sometimes, several nucleoli may be present in a cell.
Man may have as many as four. A nucleolus is formed by a specific region
of a particular chromoseme which is called the ‘“nuclear organizer”

Nucleoli are believed to be concerned with metabolism especially in
protein manufacture. They may also pass genetic materials and “informa-
tion” from the nucleus to the cytoplasm since they disappear during cell
division.

THE PROTOPLASM

Under the microscope, the protoplasm presents the appearance of an
optically clear, continuous substance in which certain visible particles are
embedded. Most of these substances are products of cell activity and in
no sense constituents of the living substance, although some bodies such
as the mitochrondia and Golgi bodies may be regarded as organs of the
cell.

The protoplasm is a liquid system of variable viscosity. It may exist
in a sol state that flows easily or in a more solid gel state in which particles
may form a continuous network thus rendering the substance jelly-like
(semisolid). Under certain conditions, it may change from the sol to the
gel state or back again from the latter to the sol state.

Because protoplasm varies so much when changing from the sol state
to the gel state and back again, older investigators have proposed serveral
theories (Fig. 8) as to its nature, including the following : (1) Granular,
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Fig. 8 — Early theories of phyzical structure of protoplasm.
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in which minute granules are suspended in a liquid; (2) Fibrillar, in
which the spaces between the interwining thread-like fibres are filled with
liquid; (3) Reticular, in which the spongioplasm forms a net-like reti~
culum with the space filled with liquid; (4) Alveolar, in which the sponge-
like part contains minute spaces called alveoli which are filled with liquid,
giving a foam-like appearance.

Protoplasm is not soluble in water. It is usually alkaline or somewhat
neutral, but never acidic. When heated to about 53° C., it coagulates, i.e.
it passes over into a somewhat harder state which has lost plasticity and
transparency. Actual freezing kills protoplasm without, however, notice-
able alteration of is plasticity and transparency.

THE MOLECULES OF LIFE

Chemical Constituents of Biological Systems

A compound is a result of a chemical combination of atoms of two or
more elements. While the fundamental unit of an element is atom, that
of a compound is = molecule. The compounds found in grganisms are :

1. Inorganic componnds, these typically lack carbon, dissolve readily
in water, generally resist decomposition, undergo rapid chemical reactions
and are usually more ionic than organic compounds in character (NaCl).

2. Orgamic compounds always contain carbon and typically contain
hvdrogen as their essential constituents.

The principal inorganic substances that comprise living systems are
water, gases, certain acids, bases and salts. Of the organic compounds
are carbohydrates, lipids, proteins and nucleic acids,

Water.

Water is one of inorganic essential compounds for growth, repair,
maintenance and reproduction. It is by far (except enamel of teeth and
bone) the most abundant component and is present in 5 to 959% or more,
e.g. in man 60% of r.b.c., 75% of muscle tissue and 92% of blood
plasma consist of water.

Water possesses unique characters which make it one of the vital con-
stituents of living systems.
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(@) Water is a solvent which facilitates chemical reactions.

(6) It is also a medium in which nutrients are carried into cells and in
which waste products pass out of the cells. This property is due to
the polarity of a water molecule. Due to the distribution of electrons
in the covalent bond H, = O the negative and positive charges are
not equally distributed within the molecule. The oxygen region is
more electronegative and the hydrogen region is more electropositive.

The importance of polarity lies in :

1. Polar moles tend to be arranged in specific configuradon with
respect of other moles, because of the atwraction of unlike charges.

2. Polarity accounts for some of the physical and chemical characte-
ristics of molecules.

Physical properties

Water is an excellent suspending medium and solvent. Many
substances will dissolve in water because the pesitive part of water
molecule is attracted to the negative part of the solvent (substance),
while the negative part of the water mole is attracted to the positive
part of the solute. This will separate the solute molecules which will
become surrounded by water.

Water is a solvent which facilitates chemical reactions. It is also
the medium In which nutrients are carried into cells and in which waste
products pass out of cells.

Chemical properties

Water is a reactant in the digestive process of organisms, a process in
which larger molecules are broken dowr. into smaller ones for utilization
by cells.

Water is involved in synthetic reactions. Water is the main source of
hydrogen and one of the sources of oxygen that enters into a number of
organic compounds in living systems as a component of protoplasm,
organclles and membranes.

Water is characterized by is latent heat of fusion and high specific
heat. Thus water requires a much greater amount of heat to increase its
temperature than any other substance. Heat absorption by water is used
first to break hydrogen bonds rather than increasing molecular reaction.
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Therefore more heat must be applied to raise its temperature than to
a nohydrogen-bond liquid. Thus water helps to maintain the tempera-
ture of organisms even though there are many changes in the environm-
ental temperature.

GASES

Gases include nitrogen, oxygen and carbon dioxide. Awmospheric
nitrogen includes about 789, of the gascous envelope around the earth.
Gaseous carbon dioxide constitutes about 0.03%, and is the main source
of carbon. The latter is a major component of living matter. Molecular
oxygen which comprises about 20%, of atmospheric gases is essential for
the metabolism of most cells.

ACIDS, BASES AND SALTS

Compounds whizh lack carbon - to - hydrogen bonds are called in-
organic compounds and these may be acids, bases or salts. Such
compounds are important to living organisms because they provide the
ions to many essental biochemical reactions. These substances are usually
found in aqueous solutions in living organisms. Hence an acid is defined as
hydrogen ion H* doner, a base a hydroxyl ion OH™ donor, a salt is made
up of positive ions texcept HY) and negative ions (except OH).

In water ceriain molecules dissolve whether they are less covalent or
ionic (ie. covalently bonded). Water molecules reduce the attraction
of atoms within an jonic molecule thus ionization takes place. In solution
the electrons formingz the original bond will remain with one of the parts
and will be free in sciution as ion (charged atom or group of atoms). If
an ion has more protons than electrons, it is postively charged, and, if
an ion had more elecirons than protons it is negajively charged. Substan-
ces forming ions in water are called electrolytes and these are capable of
conducting an electric current.

Examples : (4) An acid HCl— H* 4 CI™
one or more H jons and one or more negative ions.
(6) A base NaOH—p Na* + OH
one or more positive ions and one or more OH
(¢) NaCl— Na* 4- CI™
one or more positive ions and one or more negative
ions (neither H nor OH ions).

The inorganic acids and bases are impertant in maintaining the proper
pH, or electrolytic environment in which biochemical reactions take place.
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For example, reactions of proteins are greatly affected by the number of
hydrogen ions present. Small changes in pH (i.e. the amount or concen-
tration of H, ions) can alter the structure of protein molecules as well as
can change the direction in which a given biochemical reaction will take
place. The degree of ionization of electralytes is different when in solu-
tion, some of them are completely ionized in solution, e.g. strong ac:ds
(HCl, H,S0,); others are not compictely ionized, e.g. carbonic acid
which is a weak acid.

H,O
Examples : (a) HCl ——— H,0% 4 QI
100 moles 100 moles of - 100 moles of
of HCI hydronium ions chloride ions

A hydrogen ion is not free in water as it attaches to a water molecule
forming hydronium ion.
H* + H O —— H,0*
()) H,CO,—— H* — HCO,~
98 moles ———3 2H jons + 2 HCO, bicarbonate.

Most carbonic acid is in molecular form.

Thus stronger acids are more acidic than weaker acids. The ionization
of weak acids or weak bases can be represented by an Ionization equaticn,
e.g. ionization of carbonic acid.

H,CO, = H* + HCO,~

The arrows mean the concentrations of moles and ions are constant
although not necessarily equal.

Inorganic weak and strong bases do not have great application within
living organisms. In addition both strong acids and bases are not usually
found throughout living organisms. Thus hydrochloric acid is found in
the stomach.

Hydrogen fon concentration (pH)

Biochemical teactions are extremely sensitive to small changes in the
electrolytic environment. The concept pH has been devised to express
the hydrogen ion concentration. The pH of a given solution is equal to
the negative logarithm of the hydrogen ion concentration.

pH = —log (HY)
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In the ionic equilibrium equation of normal blood plasma, the con-
centration of hydrogen ians is 0.0000000395 M or 3.95 x 10™° M. When
converted into pH it can be understood by biologists.

— pH = —log (HY)

= —log (3.95 x 1079
—log (3.95 x 1079
— (0.5966 — 8)
= — (— 7.4034) = 7.4

Water ionizes to an extremely small extent thus it produces equal
number of hydrogen and hydroxyl ions. Thus it is neutral. It has been
found that the concentration of hydrogen ions in water is 1 x 1077 M.

Thus pH = —log (H")
=—1Ilog (1 x 1077)
=—(log 1 + log 107)
=—0—-7T=7

Buffers

Inorganic substances play an important role in maintaining an electro-
lytic balance within the organism. Although there Iz a variation in pH
in the different parts of the organsim, the limits of such variation are
specific. Thus the pE of normal blood plasma is 7.4, which if changed
within a range of 0.3 above or below will cause acidosis or alkalosis with
disasterous effect. Buffer systems are responsible for maintaining a relati-
vely constant pH. In the blood the carbonic-acid-bicarbonate system is
the most important buffer system in the blood which operates in the
following way :

{a) Carbonic acid being a weak one ionizes, and at a given concentration
there is an equilibrium between the molecular form of the acid and

its ioms, i.e.

H,C0, = H* 4 HCO,~

(6) If we add a solution of sodium bicarbonate it ionizes completely,
thus leading to a great increase of the bicarbonate ion in solution.
NaHCO, ——3 Na* + HCO,™

() The presence of the bicarbonate ions causes the formation of carbonic
acid molecules thus leading to a new equilibidfum concentration :
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H,CO, & H* + HCO,~
NaHCO, =+ Na* + HCO,~

Sodium ions serve to balance electrical changes. At equilibrium there are
many carbonic acid molecules and bicarbonate ions than hydrogen ions.

If we add hydrogen ions to this buffer system, they will combine with
the bicarbonate ions forming more carbonic acid molecules. Thus the
total hydrogen ion concentration is not increased.

If hydroxyl ions are added to the buffer system they will combine with
hydrogen ions to forrn water. The removal of hydrogen ions will cause
more carbonic acid molecules to ionize, thus forming more hydrogen ions
to replace those removed and to restore the original pH. Thus carbonic
acid acts as a reservoir for additional hydrogen ions when removed by
alkali or base; and the' bicarbonate ions act as a reservoir to combine
with hydrogen ions when increased by the addition of an acid. Hence a
buffer system helps to maintain a relatively constant pH within limits
of acid and base concentration added to the system. If large quantities
of acid or base are added a sharp change of pH takes place because of
the insufficiency of acid or negative ions.

Buffer systems are of many types and they are organic or inorganic
ones. The mechanism of inorganic buffers are essentially the same, ie.
one component jonizes slightly and the other completely.

Physiological fanction of inorganic components

Inorganic components play an important role inlife processes where
they react as ions or inorganic molecules. These substances are closely
interrelated with the organic components in the living organism. Their
major function is : (1) to help tc maintain electrolytic balance (buffer
system): (2) play an important part in the formation of bones and teeth;
(3) provide the ions for nerve and other cells to respond to stimuli and
(4) furnish specific activators for enzymatic reactions.

Examples :

Oxygen  : constituent of water and organic molecules used in cellular
respiration.

Carbon  : component of all organic compounds.

Hydrogen : constituent of H,O and all organic molecules.

Nitrogen : constituent of organic molecules.

Calcium : component of bone and teeth, required for blood clotting,
hormone synthesis, membrane stability, muscle contraction.
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Phosphorus: in proteins, ATP, nucleic acids, component of nerve tissue
and bone.
Magnesium: component of many enzymes.

ORGANIC COMPOUNDS

Inorganic molecules serve as raw material for the synthesis of organic
compounds and both are interrelated through various chemical processes.
Organic compounds are more complex than inorganic molecules. The
carbon atom is the principal component by weight of organic compounds
which include carbohydrates, fats, and proteins. Carbon is unique in
forming four covalent bonds which may be formed between other carbon
atoms forming chain, branched or ring structure, i.e.

—C —
1 N
—C—-C—C— —C—-Cc—C—cC \(}")f
SR | Lo

Carbon atoms can bind with double or triple bonds.
—C=C— —C=0C-—

In addition to carbon, hydrogen (one bond); oxygen (two bonds) and
nitrogen (three bonds) are the most common elements in organic com-
pounds. The basic chain of carbon atoms (i.c. chain or ring) forms the
carbon skeleton while acdditional elements with carbon and hydrogen are
called functional groups. The latter are responsible for the chemical char-
acteristics and physical properties of a given organic compound. There
are many functional groups on the basis of which organic compounds are
classified into :

(1) Alcohols organic compouuds contzining (—OH) the hydrexyl
group, i.e. R-OH where R is the skeleton group

H H H
|| l
H—-C—C—OH H—-C—OH
P I

H C H

Ethanol Methans!
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2. Amines : coataining amino group NH, (RH,).

3. Amino acids : moles containing amino and carboxyl group.

H O
I/

HN-—C—C
I
H OH

O

7/
4. Organic acid : R—C carboxyl

5. Ester : R—-C

1. CARBOHYDRATES

Carbohydrates contain carbon, hydrogen and oxygen with a general
formula C (H,0) where n = 3 or more such units. Carbohydrates
play an important role in living systemns being :

1. They play a pivotal role in energy relations. Thus during photosyn-
thesis green plants synthesize carbohydrates where large amounts of energy
are stored. Animals and plants break these carbohydrates to obtain energy
needed for their activities.

2. Carbohydrates enter in the formation of important structures of
the organism such as chitin which is a part of the exoskeleton of insects
and crustaceans; cellulose of plant cells, and nucleic acids.

3. Carbohydrates act as storage of reserve energy as starch in plants

and glycogen in animals. The latter is stored in the liver and muscles of
higher animals,

4. Carbohydrates may be used for the synthesis of fats and proteins
through a series of chemical reactions.

There are three classes of carbobydrates :

Le. monosaccharides, disaccharides and polysaccharides.
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1. MONOSACCHARIDES

These consist of compounds containing 3 — 7 carbon atoms with
names ending in — ose. = sugar and a prefex designating the number of
carbon atoms, i.e.

Triose C,HO,

Tetrose C,HO,

Pentose CH, C, Ribose

Hexose C.H,,C, Glucose and Fructose

Heptose C,H, 0,

The most common monosaccharides are glucose and fructose -both are
hexoses with identical chemical formula but different molecular configura-
tion. Thus they are called isomersand the phenomenon is isomerism.

H H H
c]: o é o) o (I: OH 250
- B —l_ HO H
H—_C_OH H-—C—OH C=0
! ! ! HO /L mo\gH
H—C_OH HO—C—H HO_C_H
! ! 1 H . H H
H—~C—OH H-—C—OH H—C—OH
1 ] | 4
H—-C—0OH H-—C—-0OH H—C— OH HO'HO
] |
| H—C_ OH c— oH
H I |
H H
Ribose Glucose Fructose

Glucose and fructose assume a ring form when present in solutions iw
the cell. In such case the first and fifth carbon atoms are bridged together
by the oxygen atorm.

Glucose is one of the major products of photosynthesis and is the main
energy-supplying molecule of all living systems.

Furthermore it is a constituent of cellulose.

Ribose and deoxyribose are pentose sugars which form part of the
structure of ribomucleic acid (RNA) and deoxyribonucleic acids. Both
acids are important in directing protein synthesis.

The triose glyceraldehyde is fundamental in the process of glycolysis
and lipid formation.
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DISACCHARIDES

When two molecules of monosaccharides are coupled together they
form a disaccharide. During this process a molecule of water is lost and
the reaction is termed dehydration synthesis and the two molecules are
joined by a glycosidic bond. Biologically important disaccharides are :
maitose, sucrose and lactose.

Csthos + Caleos —> Cquzoll + Hzo

glucose glucose maltose

Maltose is a degradation product of a larger starch molecule. It is
made up of two glucose molecules.

Sucrose the common table sugar and is composed by the linkage of
a glucose and a fructose molecule. Lactose the sugar in the milk of
mammals is composed of glucose and galactose.

CH,OH CH,OH
Q
H/ H H  H/ H
H OH H
HONG | H
: |
H OH H  OH
malinme
CH,OH CH,OH
O, O
H
H ?H t.|i H CI)H OH
i
H e)H H H
iaclose
CH,0OH
Q HOCH, o
H /4 H ‘ H
HO
AN o WP/ Chon
3

O—
fus
o-
xI
I—

SucCrose
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During the process of digestion the diszhaccride molecules are broken
down into smaller molecules by addition of water, a process ealled
hydrolysis (Le. digestion).

POLYSACCHARIDES,

The dehydraton synthesis of eight or more monosaccharides with a
farge number of glycosidic bonds results in the formation of polysaccharides
(e.g. starch, glycogen, cellulose). Their molecular formula is (CH Oy),
Unlike mono- and disaccharides, polysaccharides are usually not soluble
in water and not sweet.

Starches are found in most green plants where they are stored in the
seeds, stems, leaves, roots etc. Cellulose is an important component of
higher plants. It is usually formed in combination with other compounds
such as lignin. Cotion fibers are made up of pure cellulose. It is made
up of 1000 or more molecules of glucose.

Chitin is another polysaccharide found in crustaceans and insects.
Glycogen is found in animals and serves as a storage of glucose. It is more
soluble in water than starch and when hydrolysed it gives glucose molecules.

2. LIPIDS

Fats or lipids are compounds which can be extracted by cther, alcohol,
chloroform or other nonpolar organic solvents. They are composed of
hydrogen, carbon and oxygen (H, and oxygen not in the ratio 2:1).
Most fats are insoluble in water, Lipids contain a heterogenous group of
compounds that have many functions in living organisms :

1. Structural components of the cells, c.g. cell membranc.

2. Provide fuels for energy, being the most highly concentrated source
of biological usable cnergy.

3. Storage material in plants and in animals forming adipose tissuc.

The most predominant lipid in a living organism is thc'fatty acid which
is made up of a long hydrocarbon chain with a carboxylic group at one
end — COOH :

O

fl
— C — OH

Fatty acids differ in length of the hydrocarbon chain. Most common
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fatty acids possess an even number of carbon atoms thus : Palmitic acid

contains 16 carbon atoms; 15 are attached to hydrogen.

N

HeHAHARL L Ll 2

H

Al ™ (]:\ ?\é/ﬁ:\(l:/(l'\é/cf\l (,:\I/ —OH

H/\HIHlHlHlHIHIHCJ:
HH H H H H H H

palmitic acid

Fatty acids with one or more double bonds occurring between earbon
atoms in the chains are known as unsaturated fatty acids such as oleic

acid with 18 carbon atoms and a double bond between carbons 9 and 10 :

I S S L
I i
H H H H H H H H
e e H Cc=C c C .61 .C
ANSATNLANL TN TN LA TN TN
SOLOREROLT
H H H H H H H H M
oleic acd
{unsaturated)

Having a carboxyl group makes fatty acids reactive and most of them
combine with other molecules such as glycerol to form fats by a dehydra-

tion synthesis.

An ester bond results from elimination of water. Thus three molecules
of a fatty acid unite with one molecule of glycerol to form a triglyceride
commonly called Fat :

H

I
H--C—OH O 0

| [ [l
H—C—OH + 3CH, (CH,),,—C—OH—H—C—O—C— (CH,),, CH

0
|
H—C—OH H—C—0—C—(CH,), CH,
| 0
H l I
glycerol H—C—0—-C—(CH,),, CH,

tripalmitin
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The three fatty acids involved in fat formation may be similar or
different. However one or two molecules of fatty acids may combine with
one molecule of glycerol to form mono- or diglycerides.

There are many types of lipids which are important for living
organisms which include phospholipids, e.g. lecithin, cephalin (formed
in brain, nerves etc), waxes, e.g. cutin covering fruits, stems, etc., caraten-
oids, e.g. carotenes, steroids such as.cHolesterol, vitamin D, cortisone, bile
salts, porphyreins e.g. chlorophyll.

Phospholipids which are important in the formation of biological
membranes where glycerol joins two fatty acids molecules, the third

carbon is attached to a phosphorus containing subsdtuent, e.g. the clas
glycerol phospholipids.

Cholesterol is a steroid, a kind of lipids, which i3 found in all animal
cells, blood and especially the nervous system.

PROTEINS

Proteins always contain carbon, oxygen, hydrogen, and nitrogen and
usually, but not always, sulfur and phosphorous. Proteins nfay vary in
shape and size from small spheres 6f 5000 molecular weight to long rods
of over 100,000. Proteins play an iinportant role in living matter, thus:

1. Proteins comprise the major component of cells,

2. Some proteins are used as structural suppert such as collagen and

dentine (elastin), while haemoglobin serve a transport function, keratin
in the skin and fingernails, ete.

3. Enzymes are functional proteins that catalyse most biochemical

réactions {i.e. biocatalyst, i.e. change the rate of a specific chemical
reaction without changing its direction.

4. Special proteins perform certain functions e.g. myocsin functions
in musular contraction; hormones regulate metabolic processes; anti-

bodies which defend the body against foreign substances such as viruses,
bacteria, etc.

5. Proteins like carbohydrates and fats.may be broken down to provide
cnergy for cellular use.
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Structure

The structural units of proteins are amino acids. Amino acids contain

at least one amino group (—NH,) and one carboxylic acid group
{(— COOH) linked to the same carbon, the alpha-carbon.

carbon
Cl; O
L}
R-——(l:— —OH

NH,

alpha-carbon

R is a side group which differs in the different amino acids. Thus in
alanin the R group is CH, ;
H O

Pl
H,C—C—C— OH

l
NH,

In leucine the R group is (CH,), — CH — GH,

T
\
CH — C—C—C— OH
a ]
g H NH,

The side group may be a straight, branched chain, or a ring structure.
The structure of amino acids results in two characters, i.e.

1. Either the amino group or the carboxylic group or both can
become charged. In aqueous solution most amino acids have a positive
amino group and a negative carboxyl group. Thus, it exists as a dipolar
ion or Zwitterion. In this case the number of negative charges on the
molecule equals the number of positive charges, and the molecule is
called isoelectric.

H O

|
CH,—~C—C—0—
!

alaninc NH1+
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However, if the pH of the aqueous solution is changed, the amino acid
molecule either becomes positively or negatively charged when the pH
is lowered or elevated.

2. Amino acids are isomeric in nature. The alpha-carbon of an
amino acid has four different chemical groups attached to it. This makes
the tetrahedral carbon atom asymmetric and offers two ways in which
these four different substitutes can be attached.

e.g. alanine
COOH CQOOH
7/
'H,C/ARNHz HN CHy
COOH COOH
HJC@NHZ HZNQCN
H H
o-olamne L-alanine
(Dextro=right} {Levo=left)

In living systems only the L-amino acids are found. These are the only
ones recognized by the ‘enzymes.

There are about twenty known amino acids (i.e. glycine, alanine,
valine, Ieucine and isoleucine; serine, theronine, cysteine, cyctine, methi-
onine, glutamic acid, lysine, arginine, asparagine, glutamine, phenyl-
alanine, tyrosine, histidine, tryptophan and proline).

Different protems are made up by combinatién between amino acids.
The carboxyl group of one amino acid combines with the alpha amino
group of another amino acid with the removal of water and they are joined
together by a peptide bond.

H O H O H O H O
[ 1 [ 11 ! [l
CH,— C—C—OH+NH,—C—C—CH,——CH—C—C—N—-C—C-OH

I I I

NH, H NH, H H

alanine + gly¢ine glycl-alanine
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Proteins are made up of a large number of amino acids and they
asspme. many forms, i.el. straight chain of polypeptidé, coiled or twisted
(secondary level), the most common of which with a spiral-shaped
structure called a helix. 2. Globular proteins or unregular coiling
(tertiary structure). 3. Aggregation or polymerisation of individual paly-
peptide unit.

FUNCTIONAL PROTEINS
1. Enzymes

These are globular proteins with a molecular weight ranging from
10,000 to millions. Each enzyme has a three-dimensional characteristic
shape with a specific surface configuration.

1. Enzymes are true biocatalysts, returning unchanged to their original
condition after having participated in the reaction they facilitate. Under
optimum conditions they catalyse reactions at ratz=s 10° to 10'° times
more rapid than those of comparable reactions without the enzvine. The
turnover number (i.e. number of substrate molecules metabolised per
one enzyme molecule per minute) is generally 1000 and in some instances
as high as one million.

2. Enzymes are specific in the reaction they catalyse as well as in the
substrate utilized. This may be related with the active sites.

3. Reactions of enzymes taze place in aqueous solutdons and at relati-
vely low temperatures.

4. Enzymes are subjected to various cellular contrals. The rate of
their synthesis and concentraticn is under genetic control and is influenced
by various other molecules present within the cell. They exist in active
and inactive forms, and this iz determined by the cellular envirenment.

5, The biosynthesis of enzymes is enzyme controlled.

Action of enzymes
This takes place as follows :

1. The surface of the substrate molecule comes in contact with the
enzyme molecule.

2. A temporary intermediatc compound calied an enzyme-substrate
complex is formed.
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3. The substrate molecule is transformed, i.e. either broxen down or
combined.

4. The transformed substrate molecule moves away from the enzyme
molecule.

5. The enzyme molecule iz freed to react with other substrate
molecule.

Active sites : It is a small fraction of the enzyme sarface which
comes in contact with the substrate molecule. It seems that some of the
amino acids of the protein are in direct centact with the substrate forming
an active site; while others play an indir=ct role and still others play no
role. Thus it was founc that removal of one portion of the enzyme mole-
cule may not affect its ability to catalyse a reaction, while -removal
of another portion will

Enzymes specificity is related to their active sites. Previously it was
believed that enzyme and substrate molecules fit together like pleces of
jigsaw puzzle. Recently it was found that the active site of an enzyme
consists of contact amino acids whose fit with the amino acid determine
specificity. These contact amino acids are positioned fairly close in the
enzyme molecule as a result of the typical protein three-dimensional fol-
dings. Such fit with the substrate molecule is called induced fit which
provides a flexibility needed for catalytic groups.

Composition of enzymes

Some enzymes consist solely of proteirs. Others consist of two distinct
parts, iL.e. (d) apoenzyme which is the protein portion made up
of amino acids, (b)) prosthetic groap which assist the enzyme in
catalysis. The apoenzyme and its related protpin prosthetic group are
called holoenzyme. Both parts when separated become inactive.

There are two types of prosthetiz groups :

l. Activators which are usually metals like potassium, iron, copper,
zinc, magnesium, manganese, cobalt. It is believed that activators form
a bridge between the enzyme and substrates by binding them together.
Generally most trace elements act as activators for cellular enzymes.

2. Coenzymes (cofactors) which are complex organic moles which
assist the enzyme in transforming the substrate by auting as an acceptor
of atoms being removed from the substrates, or as a doner of atoms by
contributing atoms in 2 gynthetic reaction.



46

Many coenzymes are vitamins, e¢.g. nicotinamide, adenine dinucle-
otide (NADY) and nictincamide adenine dinucleotide phosphate (NADP™)
which are derivatives of vitamin B (nicotinine acid). These function with
their respective enzymes in the removal and transfer of hydrogen and
electrons from substrate molecules, i.e. dehydrogenages.

Enzymes like proteins can be denatured and hence becorme inactive.
This is brought by changes in the arrangement of amino acids at
the active site. Denaturing of enzymes may be brought by heat and high
concentrations of heavy metal ions (as copper, zinc, silver, arsenic,
mercury), alcohols, uliraviolet radiations and concentrated acidic and
basic solutions.

NUCLEIC ACIDS

These are found in all living forms. They direct either directly or
indirectly the synthesis of proteins. They contain carbon, hydrogen,
oxygen and phosphorous. On the bases of the chemical composition
there are two classes of nucleic acids :

1. DNA or deoxyribonucleic acid which acts as the primary carrier
of genetic information, ie. it is the hereditary material. It is composed
of a sugar deoxyribose in equal proportion with phosphate group, In
addition it contains purines and pyrimidine bases which are adenine,
guanine, cytosine and thyamine.

2. RNA or ribonucleic acid which is present in both the nucleus
and cytoplasm. [t is made up of a sugar ribose which has a hydroxyl
group (OH ) at the 2 position where deoxyribose has a hydrogen. In
addition it contains purines and pyrimidine bases but it utilizes the pyri-
midine base uracil instead of thymine. The function of RNA is to build
proteins as specified by DNA.

Composition

Nucleic acids are long chain-like molecules composed of simple units
joined together by removal of water at points of linkage. The basic stru-
ctural units of nucleic acids are called mucleotides. Each nucleotide is
compased of thres components :

() a pentose sugar, either ribose or deoxyribose.
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(8} a nitrogenous base which is a ring-shaped structure made up of carbon,
hydrogen, oxygen and nitrogen atoms. There are two types of bases,
i.c. purines which include adenine and guanine; and rpyrimidines
called thymine, cytosine and uracid in FNA only.

CH

-ﬁo\ on |

h
"
C
|
OH H

CH
Phosphate group

Deoxyribose

(¢) phosphoric acid or phosphate group.

There are four nucleotides found in DNA, i.e. adenine, thymine,
cytosine and guanine nucleotides (guanylic acid, adenylic acid, cytidy-
lic acid and uridylic acid).

Exzample :
Cystosine
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Watson and Crick in 1953 presented a model for nucleic acids based
on the data of various investigators. Thus the following is the structure

o DNA:
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{a) Each DNA molecule ccnsists of two strands, with cross members,
twisted about each other in a form of a double helix (i.e. like a twisted

ladder. (Fig. 8a & h).

() The uprights of the ladder are made of alternating phosphate and
deoxyribose proteins of a nucleotide.

(¢) The cross members consist of paired purines, and pyrimidines linked
together by weak hydrogen bonds.

(d) In the pairing of purines and pyrtmidines adenine always pairs with
thymine and cytosine with guanimne (Fig. 8a)

~ SUGAR — THYMINE = - = ~ = = ADENINE ~ SLGLAR 7
HlOSPHAn/ > PHOSPHATY
N SUCAR — ADENINE == = = = = THYMINE — SUGAR
runsrnu‘z/ N PHOSPHATE
\sncu — CYTOSINE - = = — = - GUANINE ~— sucu/
mosrmn/ N PHOSPHATE
\'mc.m ~ THYMDIE - = = =~ ~ - ADENINE — sucn/
rnosﬂ-un/ N PHOSPHATE
\svcu. ~ GUANINE - - — — - = CYTOSINE — sm;n/
mosman/ N PHOSPHATE
\sucu — CVTOSINE ~ — = — —— CUANINE - mcu/
PH‘OSPHAT!/ N PHOSPHATE
\sucm — GUANINE = = = = = = CYTOSINE — mcm/
vHoern'z/ ™ ruoseraTe
\sucm ~ THYMINE - = = = — = ADENINE — mcu<

Fig. 8a. — A model of the way im which two phosphate-sugar chains (represented by
ribbons} may be arranged in double heliz form held together by bases to form
unit structure of DNA. (After Watson and Crick).

{¢) A complete turn of the coil occurs at every 34 °A.

On the other hand, RINA may consist of only a single strand of nucle-
otides; in others it is doubly stranded like DNA, and in still others
it appears as a combination of both. In addition RNA contains ribose
sugar and uracil base instead of thymine. Generally DNA is found in the
nucleus while RNA is found in both nuclei and cytoplasm, being more
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Fig. 8 (b} — Diagramatic structure of DNA
{desoxyribose nucleic acid) showing comple-
mentary structure of two chains, spirally
arranged in what is called a double helix;
A, adenine; O, cytosine; C, guanine; T.
thymine. {after Watson and Crick).

abundant in the cytoplasm. Furthermore DNA and RNA are found irr
cellular organelles (mitochondria, and chloroplasts contain).

There are three subgroups of RNA according to certain structural
and functional aspects :

{a) ribosomal RINA (r RNA), synthesised from the nuclear DNA template.

(#) messenger (m RINA) whose size varies depending on the size of protein
to be synthesised.

(¢) transfer (t RNA), which brings amino acids to the ribosome so they
can be joined together to form a protein.

It is also synthesised from a nuclear DNA template in the form of a

larger procursor molecule. The t RNA are the smallest of the RNA
species in the cell.
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The three types of RNA are not only synthesised from different regions
of the DNA template but it has recently been discovered that the m RNA
synthesis is different from that which catalyses the formation of r RNA.
As the size of these RNAs is different, henee they can be separated by
methods involving high speed centrifugation.

CELL DIVISION

Cell division apparently occurs in a given type of cell when it reaches
the limit of the size peculiar to it. It is well noticed in growing tissues. In
the adult, whilc some cells are dying, others are dividing to provide repla-
cements. However, the latter situation is not universal, for in nervous and
skeletal muscle tissues, cell division fails to occur in the adult. In othsr
tissues, cell division may be limited to a restricted group of celis.

There are three typs of cell-division :
A) Amitosis or direct division.
B) Mitosis or indirect civision.

C) Meiosis or reduction division.

AMITOSIS

It is a rare type of cell divizion which occurs in abnormal cells, dege-
nerating tissue, transitory cells, pathological tissues and some very
specialized cells.

It involves the constriction of the cytoplasm and nucleus into two celk
with nearly the same nuclear and cytoplasmic materials. During this
process the nuclear membrane rzmains intact and the chromatin materials
are not divided into two equal portions. A centrosome is generally neithes
active nor even seen during this process. The spindle fibers and chromo-
somes are not seen. The resulting daughter cells have lost the power to
continue as normal cells.

MITOSIS

This is the most common form of cell division which applies to the
division of somatic cells. The two principal aspects of such cell division
are : 1. precise duplication of the chromosomal material {(karyokinesis),
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and 2. a pinching in half of the protoplasm (cytokinesis) so that both
the nuclear and the cytoplasmic constituents are divided equally. The
most prominent parts, in this process, are played by the centrioles and
the nucleus.

Mitosie consists of the follcwing stages : interphase, prophase, meta-
phase, apaphase and telephose (Fig. 9).

Fig. 9— Diagramatic representation saowing the various stages of “mitosis”: (a) Resting

ccll;  (b) prophase; . (¢} transition from prophase to smetaphase;  (d) metaphase;

©f,g, anaphase; (¢) beginning separation of the split chromosomes; (f) diaster; (g) chromo-

somes approaching the centrioles; {#) telophase; (i) daughter cells connected only by the
intermediate body of Flemming which will disappear.

1. Interphase

This is the period between two successive mitosis. It may be referred
to as the “interphase”.

2. Prophase

At this stags (Figs. 9, b and c), the cell becomes spherical, and the
centrioles separate and migrate towards the opposite poles of the cell. As
they separate, thz cytoplasm becomes arranged in a radiating manner
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around each centriole forming a star-shaped figure known as the “aster™.
At the end of prophase, the nuclear membrane breaks down, a mitotic
spindle forms between the centrioles and the nucleoli disappear. Also
the chromosomes start to appear as delicate spiral filaments which are
doubled in the nucleus. Each chromosome possesses two spiral filaments
called the ‘chromatics” which are associaed throughout their entire
length without fusion. Then the chromatids become shorter and increase
in volume due to accumulation of nucleic acids coming from cytoplasm.

At the end of prophase, each chromosome appears to be composed of
two cylindrical longitudinal elements parallel and adjacent to each other.
Finally, the chromosores migrate toward the equator or the middie of
the mitotic spindle,

3. Metaphase

During this stage (Fig. 9 d). the chromosomes are seen arranged on
the equator of the spindle forming what is known as the “‘equatorial
plate”. These chremosomes become connected to the fibres of the spindle,
the two halves now separate. This longitudinal splitting of chromosomes
assures that each future caugther cell will have the same nuinber of
chromosomes found in the parent cell.

4. Anaphase

In this stage (Fig. 9, e and ), the two equal halves of each chromosome
migrate apart from ezch other towards the two centerioles along the
spindle. After separation of the daughter chromosomes, a zone of filbrillar
structure appears between the two separated groups of daughter chromo-
somes. This zone is zalled the “imterzonal structure”.

3. Telophase

In this stage (Fig. 9, h), the chromosomes are at the two opposite poles
of the spindle. They lie very close to one another, become entangled and
finally break into an irregular network of chromatin granules characte-
ristic of the parent nucleus.

During this time, nuclear membranecs are formed around each group
of daughter chrormosomes, thus forming two daughter nuclei at opposite
poles. The nucleoli reappear. Then cytokinesis begins by constriction of
cytoplasm in the equatorial region. This constriction becomes deeper and
deeper until the cell is divided into two daughter cells (Fig. 9, 1).

During cytokinesis, the mitochondria undergo division and become
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distributed almost equally. Golgi apparatus alsa divides into two portions,
one for each new daughter cell. The centrosomes cease their activity and
the asters become less obvious.

SIGNIFICANCE OF MITOSIS

As a result of mitosis each daughter cell has the same number
of chromosomes of the same size, shape and structure. Since the chromo-
somes are the carriers of hereditary qualities, the process of mitesis dims
to divide the cell into two daughter cells, which have precisely identical
chromosomes with identical chromatin material. This is of great signi-
ficance since the genes or determiners of hereditary characters-are believed
to be carried by the chromosomes and to split with the latter.

MEIOSIS.

Meiosis occurs in the testis and ovaries giving rise to sperms and eggs
respectively. As a result of it, the mature germ cells contain a haploid (n)
number of chromosomes. It consists of two cell divisions which follow
each other while the chromosomes divide only once. As a result of this
pracess, four cells are formed each containing a haploid number of
chromosomes. In this case, when the male and female gametes unite in
fertilization the normal diploid number of chromosomes (2 n) is restored.

The two cell divisions are known as the first and secord meiotic
divisions. Each division includes different stages which are prophase,
metaphase, anaphase and telophase, but there are important differen-
ces between meiosis and mitosis especially in the first prophase.

First Meiotic Division

This division is charatterized by a long prophase during which the
chromosomes appear as long, thin threads as in mitosis (Fig. 10, (a) Then,
they become shorter and thicker and the homologous chromosomes pair
longitudinally. They lie side by side along their entire length as shown
in Fig. 10, b. Each chromosome becomes double and so it consists of two
chromatids (Fig. 10, ¢). By the end of the first melotic prophase,
the chromosomes have doubled and undergore synapsis to form bundles
of four homnologous chromosomes or chromatids called “tetrads”. The
number of tetrads is half the diploid number of chromosomes. During
synapsis, exchanges of genetic material may occur between the chrom-
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Fig. 10 — Diagramatic representation of “meiosis” illustrated by two pairs of chromosomes;

(a) interphase; (6) pachylene; (¢) diplotene; {d) diakinesis; () anaphase of first meiotic

division; (f) interphase; (g) anaphase of second meiotic division; (g) the four haploid
products of meiosis,

atids of the two homologous chromosomes. This phenomenon is called
“crossing over” as will be mentioned later (see p. 232).

While the above processes are taking place, the centrioles migrato
to the opposite poles, the spindle is formed and the nucleoli and nuclear
membrane disappear (Fig. 10, ¢ and e). During the metaphase, the tetrads
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become arranged at the equator of the spindle. At the anaphase, the
homologous chromosomes separate from ome another and move toward
the pole (Fig. 10¢). Each chromasome is made vp of two chromatids and
is called a “dyad’™. In the telophase, each polz of the cell recrives two
dyads, and cytoplasmic division takes place giving rise to two ceils (Fig.
10, £}, each with two dyads.

Second Meiotic Division

This division follows immediately the first meiotic one. As shown in
fig. 10,g, the centrosome divides and a new spindle is formed in each cell.
The haploid number of double chromosomes (dyads) lie on the equator
of the spindle in the second metaphase. In the anaphase, separation
of the members of the dyads takes place, so that one chromatid goes to
the opposite pole. From this mament, each chromatid is considered as a
<chromosome. Thus, there isno further doubling of chromosomes. During
the telophase, the cytoplasm divides, the nuclear membrane forms and
the chromosomes elongate and become chromatin threads (Fig. 10, h.).

As a result of meiosis four cells are formed, each has a haploid number
of chromosomes (n}.

The purpose of meiosis is not only the numerical reduction of chromo-
somes but also the attraction, pziring, interchange and separation of the
homologous paternzl and maternal chromosomes. Thus, meiosis is con-
cerned with nuclear reorganisation and gene reassortment.






PART TWO
HISTOLOGY






INTRODUCTION

Histology is a branch of scicnce which deals with the minute structures
of the different tissues of the body of animals.

The cells of which animals are composed, differ so widely in their size,
structure and function. A g-oup of cells, which are similar in structure
and specialized in the same way to perform a particular function, form
what is called a tissue.

An organ is an association of a number of tissues which share in one
or more functions. A system is a group of organs that collectively per-
form certain related functions Example : the stomach is an organ which
secretes the gastric juice and it is made up of epithelial, connective, mus-
cular and nervous tissues. The stomach together with other organs
{oesophagus, iatestine, liver, 2tc...} form the digestive system.

The dssues of the body of vertebrate animals are divided into four
groups : epidhelial, conmzctive, muscular and nmervous tissues.

EPITHELIAL TISSUES

These tssues originate from the three germ layers : -ectoderm, (e.g
epidermis of skin), endoderm, (e.g. epithelial lining of intestine) and
mesoderm, ({ec.g. liver).

An epithelium is a sheet formed of one or more than one layer of cells.
Its cells are closely connected together with a very small amount of inter-
cellular substance secreted by the same cells. The epithelial sheet has
one of its surfaces free while the other rests on the underlying basement
membranme which lies on a connective tissue. In a few cases, the base-
ment ‘membrane is absent and the epithelium rests directly on the
connective tissue.

The epithelium covers the outer surface of the body of the animal
(skin} and lines the walls of the hollow organs and other internal body
cavities (intestine, blood vessels, peritoneum, pericardium, pleura etc.).
It forms all the different glands in the body (liver, sweat glands, thyroid
gland etc.). It also forms the important parts of the sense organs (taste
buds, retina of the eye, clfactory cells). The epithelial tissue is richly

59
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supplied with nerve endings but blood and lymph vessels do not pzne-
trate into it.

Usually the component cells of an epithelium or a tissue are distinet,
but there are some examples in which the cell boundaries or membranes
have disappeard and form what is known as a “synctium”.

The epithelial tissues are classified according to their functions into
three main groups : covering, glandular and neuro-epithelia.

COVERING EPITHELIUM

This epithelium covers the outer surface and lines the inner cavities
of the body of animals. According to the arrangement of the cells, it is
divided into two main types ! simple and stratified.

. Simple Epithelium
This type consists of one layer of ceils and according to the shape of
the cells, it is subdivided into six types: —

{a) Simple squamous epithelium

The cells of this type are flattened, plate like and polygonal in outline.
Their edges are either straight or serrated. In vertical section the
epithelium appears as a thin line with some bulging areas corresponding
to the nuclei which lie in the middle of the cells (Fig. 11, A and B). Such
epithelivm is found lining the inner surface of the heart, blood and lymph
vessels (endothelium). It is also found lining the body cavities and thus
found in the peritoneum, pericardium and pleura{mesothelium).

(6) Simple cuboidal epitheliam

In this type the cells are nearly square in outline (Fig. 11, C). The
nucleus of the cell is usually spherical and lies in the centre of the cell.
This type of epithelium is found in many glands as the liver, thyroid,
salivary and sweat glands. It lines the ureter of Bufoand the collecting
tubules of its kidney.

(¢) Simple columnar epithelium

The cells of this type are tall and stand side by side as columns
wor pillars (Fig. i1, D). The nuclei of the cells lic near the basement
mmembrane. This type lines the stomach and intestine.
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Fig. 1l -— Simple epithelium: (dA) Squamous epithelium, surface veiw; (B) Squamous
epithelium, v.s.; (G} Cuboidal epithelinm, v.s.; (D) Columnar epithelium, v.s.; (E) Columnar
ciliated epithelium, v.s.; (F) Pseudostratified epithelium, v.s.

(d) Simple columnar ciliated epithelium

This type resembles the previous one but the cells have at their free
surfaces fine protoplasmic outgrowths called cilia (Fig. 11, E). These
cilia move together in harmony to form a continuous stream in the mucus
covering the epithelium. This type occurs in the oviduct and the respira-
tory passages.

{¢} Pseudostratified columnar epitheliom

This type consists of one layer of crowded columnar cells which press
on each other (Fig. 11, F). They all remain attached to the basement
membrane but many cells do not reach the free surface. In section, the
nuclei are seen at more than one level. Thus they give the impression that-
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the epithelium is stratified. This type of epithelium is found in the large
excretory ducts of some glands as the paroud gland and in the male
urethra.

(f) Pseudostratified columpar epithelinm (ciliated)

This type is similar in structure to the previous one but the cells of the
epithelium are provided with cilia. This type is found in the trachea.

2. Stratified Epithellum

The sheet of this epithelium consists of several layers of cells. These
are developed from a basal layer called the germinative or Malpighian
layer which rests on a basement membrane. This type shows 4 varicties :-

(a) Stratified squamous epithelium

In this type the deepest'layer or the Malpighian layer consists
of columnar or square cells while the uppermost layers are of squamous
cells. The intermediate layers are composed of irregular polyhedrz! and
more or less flattened cells (Fig, 12, A).

Fig, 12 — Swatified epithelium : (4) Stratified squamous cpithelium, v.s.; (B) Stratified
columnar ciliated epithelium, vs.

The squamous cells are cornified in some places and form a horay
layer. This is usually shed away at intervals and thus freplaced by other
cells and 10 on, e.g. the epidermis of the skin. The non-cornified epitheli-
um is found in the mouth cavity and the oesophagus.
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(&) Stratified columnar epichelium

In this type, the cells of the superficial layer are columnar while those
of the Malpighian layer may be either columnar or irregular in shape.
The middle layers are of small irregular polyhedral cells. This epithelium
is rare and covers small surfaces. It is found in the conjunctiva, pharynx,
epiglottis and large excretory ducts of some glands.

{¢) Stratified colummnar ciliated epithliam

Here the free surface of the columnar ceils of the previous stratified
columnar epitheliumn is provided with cilia. Thhis is found on the upper
surface of the soft palate and in the larynx. (lig. [2.B).

B CONNECTIVE TISSUE

Fig. !3—Transitional epithelium v.s.; 4) Contracted condition; B) Distended condition.
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{d) Transitional opithelium

This type represents a transition hetween the stratified squamous and
the columnar epithelia. Jt is found on the walls of hollow organs which
are subject to great changes by contraction and stretching.

This epithelium consists of few layers of cells (3 — 6) resting directly
on the underlying connective tissue (Fig 13). The basement membrane
is absent. The cells of the superficial layer arelarge flattened and with
convex free surface while the organ is distended this tissue appears to be
thinner and the cells become more flattened. This epithelium is found
in the ureter and urinary bladder.

GLANDULAR EPITHELIUM

This is formed of the simple epithelium which is specialised in a parti-
cular manner for the production of useful complex, chemical substances
within the bedy known as secretions, (c.g. mucus, enzymes, bile and
hormones) and for the ejection of waste products known as excretions,
(e.g. urine.)

The glands may be either unicellular or multicellular glands.

[. Unicellular glands

The unicellular gland is formmed of a single epithelial cell. As
an example of a unicellular gland is the goblet cell. The goblet cells are
scattered among the epithelial lining of both the alimentary canal and
the respiratory tract. They secrete mucin (mucigen) which forms with
water a solution called mucus. Such epithelial lining is referred to as
the mucons membrane. The goblet cell consists of a cup-shaped swollen
upper part full of muein and a slender basal part which rests on the base-
ment membrane and contains the nucleus (Fig. 11, F}.

2. Multicellular glands

These are of two types : 2ndocrine or ductless glands and exocrine
glands.

(4) Endocrine glands

These glands have got no ducts, their secretions which are known as
hormones pass directly into the blood stream. e.g. adrenal, pituitary and
thyroid glands.



{6) Exocrine giands
These glands possess ducts that carry their secretions to the epithelial
surfaces as the skin, e.g. sweat and mammary glands, or to the inner

hollow organs as the stomach and intestine, (e.g. gastric glands, liver and
‘pancreas).

The exocrine glands may be simple or compound. The simple gland
has got only one excretory duct while the compound gland has got more
than one duct which join and open into a common excretory duct. How-
ever, in some compound glands, the excretory ducts do not all join into
one common duct, but into few excretory ducts. These compound glands
thus open by a number of openings on a restricted area of a free epithelial
surface, e.g. prostate, lacrimal and mammary glands.

The exocrine glands may be classified into tubular and alveolar type
according to the shape of the glandular epithelum of the gland.
The following types may be considered :
(i) Simple tubular glands

The gland has cne duct and the terminal secretory epithelium is
simple tube and chaped like a test tube, e.g. crypts of Licberkithn of the
small intestine of man and rabbit (Fig. 14, A).

{ii) Simple coiled tubular glands

Here the secretory tubular part may be elongated and coiled, e.g. the
sweat glands in the skin of man. (Fig. 14, B).

¥ig. 14— Exocrine glands ; (4) Simple tutular; (B) Stmple coiled tubular; (C) D) Simple
branched tubular; (E) Compound tubular (D.C., duct of gland; SP., secretory pact).
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(iii) Simple branched tnbular glands
The secretory tubular part is branched and these branches open into

one single duct e.g. the gastric glands of Bufo, rabbit and man, (Fig. 14,
C and D).

(iv) Compound tubular glands

The gland here is formed of a large number of simple tubular glands
whose small excretory ducts join to from larger ducts which in turn open
intoa common excretory duct, e.g. lacrimal gland and the kidney, {urini-
ferous and collecting tubules. (Fig. 14 E).

(v) Simple alveolar (acinous) glands
In this type the glandular terminal epithelium is in the form of one

spherical sac with one excretory duct, e.g. the poisonous and mucous
glands of the skin of Buefe. {Fig. 15, A).

Fig. 15 — Exocrine glands; (A) Simple alveolar; (B), C) Simple branched
alveolar; (D) Compound alveolar, (D.C. duct of gland; SP., secretory part).
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{vi) Simple branched alveolar glands

Here cither the sac is subdivided into several small sacs or several sacy
are arranged along one duct, e.g. sebaceous glands of the skin and the
glands of the eye lids in man. (Figs. 15, B and C).

(vil) Compound alveolar glands

The gland is formed of numerous branched excretory ducts each of
which ends in an alveolar secretory part. The ducts join one another and
open into a common excretory duct, e.g. parotid (salivary) gland (Fig.
15, Dj.

(viii) Compound tubulo-alveolar glands

In this type the secretory part of the gland is partly tubular and partly
alveolar in shape, e.g. pancreas and mammary glands.

Some authors divide the glands according to the way of their secretion
into.

1. Merocrine type : In this tvpe the secretion of the gland is genera-
ted in the shape of granules, droplats or globules which pass from the cells
to the lumen of the gland and then to its duct, e.g. gastric glands, liver,
kidney and thyroid gland.

2. Apocrine type : Here the secretion of the gland is performed by
the disintegration of the apical cytoplasmic free parts of the cells of the
gland, e¢.g. mammary glands.

3. Holocrine type : The active cell which is full of secredon is dis-
integrated and falls into the lumen and passes into the duct of the gland.
New cells begin to appear from the interstitial cells, e.g. sebaceous glands.

NEURO - EPITHELIUM

The epithelium, in this type consists of groups of cells which are speci-
alized for receiving certain external stimuli and transmit them to the
central nervous system. The cells are columnar or spindle-shaped with
one or more stiff’ processes at their outer ends. Each of these sensory cells
is connected with a sensory nerve fibre. Examples of this type are : the
sensory epithelium of the retina of the eye, olfactory epithelium of the nose,
the lining epithelium of the labyrinth of the ear and the taste buds on the
tongue (Fig. 16).
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(B) vas. of an olfactory
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Fig. 16 — Neurco-cpithelium : (4) v.& of a taste bud;

epithelium.
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FUNCTIONS OF EPITHELIA

The main functions of the epithelium are :

1. Protection : The horny layer of the epidermis of the skin is resistant
to the effect of ferments, acids and alkalies. It is a poor conductor of heat
and it is a good defence against infection from outside. A protective cuticle
is secreted at the outer surface of most invertebrate animals.

2. Absorption : The digested food passes through the epithelial cells
of the alimentary canal into the blood and lymph streams.

3. Respiration : Exchange of gases is carried out through the epithe:
lium of the lung. Cutaneous respiration is known in some animals.

4. Secretion and excretion : The glandular epithelium secretes
certain substances as mucus, enzymes, bile and hormones. Moreover,
the epithelial cells of the uriniferous tubules of the kidney have the power
to eliminate from the blood certain waste products such as urea and excrete
these substances in a solution known as urine.

5. Sensation : Cells of the neurc-epithelium receive external sensation
or stimuli and transmit them to the central nervous system.

6. Provision of ciliary movement : This is performed by the
ciliated epithelium. The movements produced by the cilia are of various
uses to the animals. For example, they may expell foreign bedies from

the respiratory tract. In some aquatic animals, ciliary currents carry food
particles to the mouth opening.

7. Reproduction : The reproductive cells (spermatozoa and ova)
are developed from certain epithelial cells in the gonads (testes and
ovaries).

0. CONNECTIVE TISSUES

The connective tissues develop from the middle germ layer known as
the mesoderm. They are found in all parts of the body except the surface,
They connect, support and hold together the various tissues or organs of
the body. The cells of the connective tissue are widely separated by a large
amount of matrix or intercellular substance which forms the most
important part of the tissue. Fibres are often found in the intercellular
substance. The connective tissues are clasified into connective tissue
proper, skeletal tissue and vascular tissue.
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CONNECTIVE TISSUE PROPER

The tissue includes the following varieties :

1. Areolar or loose connective tissue.
2. White or fibrous comnnective tissue.
3. Yellow or elastic conne .tive tissue,
5. Reticular connective iissue.

6. Mucous connective tissue.

1. Areolar connective tissue

This is the commonest type of connective tissue. It forms a continuous
layer beneath the skin, fills out the spaces hetween many tissues, acts:as
packing between muscles, it is found in the peritoneum and mesenteries
and surrounds blood vessels and nerves.

The intercellular substance of this tissue is soft and gelatinous in which
are embedded numerous fibres and cells. (Fig. 17).

The connective tissue fibres are of two kinds white fibres and
yellow fibres.

Fig. 17 — Areolar connective tisue,
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(4) White or collagenous fibres

These fibres are colourless and arranged in bundles which have a
wavy appearance. Each bundle consists of numerous fine fibrils. The
bundles may branch but the individual fibrils do not branch. The white
fibres are called collagenous fibres for they are formed of a kind of protein
called collagen. These fibres are dissolved if boiled in water- and forms
a solution of glue or gelatin. They are affected by acids and alkalies.

{5) Yellow or elastic fibres

The yellow fibres are less in number than the white ones. They run
singly in a straight course and appear yellowish in colour. The fibres may
branch and join one another to form a delicate network. They are highly

elastic and made up of a protein called elastin which resists boiling water,
acids and alkalies.

(c) The Connective tissue cells

The connective tissue cells are of various kinds. The most important
are the following :

(i) Fibrocytes {old fibroblasts) These are the most common cells
with flattened ovoid nuclei, non granular pale cytoplasm and with
fine processes. They are siained lightly with basic stains. These cells
take part in the formation of different fibres but never transformed
to them. The basic molecules from which collagen fibres are made
are secreted by the fibroblasts and then polymerised outside cells
into microfibrills.

() Macrophages (Histocytes) are phagocytic cells which are able to
take up foreign particles. They defend the bhody against invastion
of discase organism such as tubercle bacteria.

(iii) Plasma cells are rare but abundant in lymphatic tissue. They are
derived from lymphocytes. ‘They are rounded cells with eccentric
spherical nuclei with dense staining chromatin flakes in the basiphilic
cytoplasm. The plasma cells are responsible for the production of
antibodies.

(iv) Mast cells are round or oval cells with short protoplasmic processes
and granular cytoplasm. They are believed to take part in the
secredon of heparin which prevents blood from cloiting. Recently
it was found that they play an important fol= in healing of wounds,
and they secrete substances which neutralize the toxic action of his-
tamine. Plasma cells contain serotonin.
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(v) Undifferentiated mesenchymal cells remain with loose con-
nective tissue from emkryonic development. These cells when given
an unusual type of stimulus develop and form some tissues different
fromm that around them.

(vi) Fat cells are cpherical in shape and are found either singly or in
groups. Each encloses a big fat globule which is surrounded by a
very thin layer of cytoplasm in whilh the nucleus is embedded.

(vii) Lymphoeytes

Lymphocytes are numerous in the submucosa of the alimentary canal
and regpiratory tract. They are greatly increased in number in chronic
inflammation. These are :dentical with those of the blood. They
are probably concerned wita the production of antibodies.

{viii) Pigment cells or Chromatophores

Pigment cells are flattered branched connective tissue cells which
contain pigment granules in their cytoplasm. The pigment granules may
be black (melanin} or yellow {xanthin). The pigment cells are particularly
present in or underneath the skin. They are common in lower vertebrates
(fishes and amphibians) but rare in mammals.

2. White or fibrous tissue

This tissue is a very denss connective tissue which consists mainly of
bundles of collagencus or white fibres running parallel to one another
(Fig. 18). Between these bundles, very fine elastic networks have been
formed. The cells are merely fibroblasts fsund between the bundles and

¥4 warTE PIBRES
ELASTIC PIBHE

7 TENNOW CELL

WHITE F1BRES

Fig. 18 --- Fibrous timue from a L.S, of a tendon.
Fig. 19 — Elastic tisue, from a L.5. of a ligament.
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are arranged in parallsl rows. This type of connective tissue is found in
the tendons where muscles are connected to bones, e.g. tendo-Achillis.

3. Yellow or elastic tissuae

This type is mainly formed of yellow elastic fibres (Fig. 19). The fibres
are rzther thick and are arranged as a reticulum or in bundles separated
from one another by arenlar connpective tirsue. This tissue iv found
in ligaments which attach bones to one another, e.g. ligamentum nuchae
{attaching the skull with the neck vertebrae). It is also found in the walls
of the hollow organs which are subjected to a considerable change
in pressure, e.g. arteries, trachea and bronchi.

4. Adipoge tissue

The adipore connective tissue is compaosed of lobules or groups of fat
cells which are supported by fibrous bands and septa supplied with small

blood vessels. The cells are swollen into globules full of fat. The cytoplasm
i3 a thin membrans containing the nucleus.

The fat cells arisz from the connective tissue cells by 2 deposit of fat
droplets within its cywoplasm. The fat droplets continue to increase in
number and fuse with each other to form globules of increasing size, until

the cytoplasm finally becomes a thin wall or a membrane containing the
nucleus.

During periods of starvation or melnutrition, fat globules decrease
greatly in volume and then many ¢f the fat cells return back to
their former state.

This tissue occurs beneath the skin especially in women and fatty

persons. It is also found in the mesenteries and round some organs as the
kidney.

5. Reticular tissue

This is in the form of a reticulum which is formed of both cells and
fibres (Fig. 20). The reticular cells are stellate and their processes are con~

nected with those of the neighbouring c2lls. The reticular fibres (white)
branch and cross one another to forrm a network.

The cells resemble the undiffentiated mesenchymal cells, These can

develop to macrophages, fibroblasts, lymphoblasts and to other cell types.
The meshes of the reticulum are full of lymph and lymph cells.

This tissue is present in the spleen, bone marrow and other lymphoid
organs,



Fig. 20. — " Reticular tasue.

6. Mucous tissue

The cells of this tissue are stellate, their processes may join those of the
neighbouring cells (Fig. 21). The intercellular substance is soft and jelly
like. It contains mucus and some white fibres but no elastic ones.

This type rarely occurs in the adult. It is found in the vitreous humour
of the eye and in the umbilical cord of the human feetus. It is normally
present in many parts of the embryo and this will be changed to other
types later.

SKELETAL TISSUE

This is found in the vertebrates and forms their skeletons to which
many muscles are attached. It protects some of the soft organs. This tissue
is divided into two kinds : cartilage and hone.

l. Cartilage

Cartilage is a rigid and flexible connective tissue (Fig. 22). Its inter-
cellular substance or matrix is formed of a substance called chondrin.
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Fig. 21 — Mucous tissue,

This is secreted by the cartilage cells or chonroblasts. The chondro-
blasts are large and lie in cavities in the matrix called lacanae. The layer
of the martrix that surrounds the lacuna and forming its wall is known as
the capsale. The chondroblasts occur either singly or in groups. No
lymph or blood vessels penetrating into the cartilage. Cartilage is always
bounded by a dense fibro-elastic membrane called perichondrin. This
membrane is richly supplied with blood vessels from which nutritive
substances diffuse to the cartilage.

There are four varieties of cartilage: hyaline, yellow or elastic, white
or fibro - and ecalcified cartilage.

(d) Hyaline cartilage

In this type, the matrix is apparently homogencous (Fig. 22, A). Few
collagenous fibres may be seen in the matrix after special treatment and
staining. Hyaline cartilage occurs at the ends of the long bones, the
articular cartilage, and at the ventral end of tke ribs, the costal eartil-
age. Itis also found in the trachea, nose and larynx. In the embryo, the
entire skeleton except some of the bones of the skull and face are laid down
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COLLAGENQUS AIRE

ELASTIC FIBRES

Fig. 22 — (4) S. of hyaline cartilage; (&) S. of clastc cartilage; (C) S.
of fibro-cartilage.

as hyaline cartilage, later they are replaced by bone. The xiphoid carti-
lage of Bufe is of this type.

(6) Yellow or elastic cartilage

In this-itypc, the matrix is sugported by many elastic fibres in the form
of a network winding in between the cartlage cells (Fig. 22, B). This type
is found in the ear pinna (external ear), Eustachian tubes and epiglottis.

(¢) White or fibro-eartilege

Here the matrix shows thick bundles of white or collagenous fibres
which run parallel to one another (Fig. 22, C). This type is found in the
intervertebral dizcs and the symphyzes.
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{d} Calcified cartlage
In this type, calcium salts are deposited in the amatrix and thus

the tissue is rendered white in colour and relatively hard, e.g. suprascapula
of Bufe.

2. Bone

Bone is a special form of hard connective issue, It acts as a supporting
skeleton for the other tissue of the body. It alse serves as a calcium reser-
voir, if for any reason, the blood calcium falls below a certain level.

Its matrix is formed of two main components, the organic portion
amounts to about 359, or more of the dry weight of bone and is made
chiefly of bundles of fibres similar to collagen ones called the osteocolla-
genous fbres. The inorganic part attains to about 65%, of the dry weight.
This consists essentially of calcium phosphate and a considerable amount
of calcium carbonate and citrate and also salts of magnestum, sodium,
potasium and iron.

Unlike cartilage, bone tissue is richly supplied with blood vessels and
nerves. Bone is surrounded from the outside by a membrane called perio-
steam, while the cavity ofthe bone is lined by another delicate membrane
called endosteam. The periosteum-is mainly formed of a dense white
fibrous connective tissue and contains large vessels. It provides an attach-
ment for ligaments and tendons. The endosteum i3 a more delicate
membrane formed of a loose connective tssue.

According to the structure of tissue, it is divided into spongy
and compact bones.

(s) Spongy or cancellous bone

This type of bone is made up of a network of bars and plates of bone
of different shapes and thickness. These enclose large inter-communicating
spaces filled with a soft tissue called red bome marrow. This types is
found in the inner parts of the flat bones of the skull, ribs vertebrae and
epiphyses of long bones. It is ofien covered by compact bone.

{6) Compact or dense hone

This type of bone is very firm and dense and forms the main part of
the shaft of the long bones. It forms an external covering for the spongy
bone. The long bones are those found in the limbs as humerus and femur.
Each long bone consists of three parts : the shaft and two epiphyses.
The shaft or diaphysis is formed of compact bone and covered by perios-
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teum. It shows a central elongated cavity full of yellow bone marrow
and lined by endosteum. The epiphysis & formed of spongy bone which
is covered by hyaline cartilage called articular cartilage. This is not
covered by periosteum.

The compact bone is foumed of elongated cylindrical units called
Haversian systems (Fig. 23). These systems run close to one another
and parallel to the long axis of the bone. Each system has a thick wall and
a central longitudinal canal called the Haversian canal. The Haversian
canals contain blood vessels and nerves together with few connective
tissue. These blood vessels communicate with one another and with the
vessels of the bone marrow aad with those of the periosteum through short
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Fig. 23 — (4) T.5. of compact bone; (8) L.S. of compact bone.

lateral and oblique canals referred to as Volkmann’s canals. The wall
of the Havesrain system that surrounds the Haversian canal is, more or
less, thick and is arranged in the form of thin concentric cylindrical layers
called bone lamellae. These in the transverse section appear as concen-
tric circles enclosing the Havarsian canal. There are from 5 — 20 of these
circular bone lamellae in each Haversian system. Between these bone
lamellae there are minute cavities or cell spaces called lacunae. Each
lacuna contains a branched bone cell cailed osteocyte. From each lacuna
extends a number of very fine canals called canaliculi which unite with
those of the neighbouring lacunac. The branches of the bone cells are
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lodged and join one another in these canaliculi. The canaliculi serve to
put the bone cells in communicaden with one another as well as with
the blood vessels in the Harvesian canals. Thus through these canaliculi
food and gases are exchanged.

The bony lamellae between the neighbouring Haversian systems are
known as the interstitial lamellae or non-Haversian systems. These
have got lacunae with osteocytes but no Haversian canals.

Immediately beneath the periosteum and endosteum of the shaft of a
long bone, there are several layers of bone lamellae called the outer and
inner circumferential lamellae respectively.

DEVELOPMENT OF BONE
(OSSIFICATION)

Bones may be divided into two types according to the tissue in which
they are formed. These types are membrane bones and cartilage bones.

Membrare hones : These first appear in the foetus as 2 membrane
of embryonic connective tissue. In this membrane, bone is being laid down
by a process known as the intramembranous ossification. By this
process are formed most of the bones of the skull and face.

Cartilage bones: These first appear in the foetus as hyaline cartilage
for which bone is substituted. The process forming this type is known as
intracartilaginous ossification or endochondral ossificatiom. It
is responsible for the development of all limb bene, vertebral column and
few bones in the skull,

l. Intramembrancous ogsification

The membranous embryonic comnective tissue. in which the future
bone is to be formed, becomes richly supplied with blood. Bundles
of osteogenic fibres begin to appear. Then some of the connective tissue
cells increase in number and enlarge in size and become aggregated and
attached with one another by their fine processes. These cells are called
the osteoblasts (the bone forming cells). The osteoblats then secrete
small interconnected bars of bone which gradually increase in thickness.

Some of the osteoblasts become enclosed in the hone as it is formed
around them and called osteocytes. Other cells remain free on the
surface of the newly secreted bone, but they retain their connection with
the osteocytes by means of their processes through the formed canaliculi.
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This process is repeated and thus bone grows in thickness by the addition
of new layers of bone to its surface. Bone which has been formed in this
way remains usually of the spongy variety for a considerable time, In
certain parts, the typical Havarsian systems may develop later on as a
result of a process known as the reconstruction or rearrangement of bone
tissue.

2. Intracartilaginous ossification

The intracartilaginous ossification, in one of the long bones as the
femur which first starts at certain ossification centres situated centrally in
the shaft and the two epiphysss.

At the ossification centre, the cartillage cells multiply rapidly and
become arranged in columns roughly parallel to the longitudinal axis of
the cartilage. Then begining from the ceatre and radiating gradually
outwards. the cartilage becomes caicified and many of its cells degenerate
and die. From this stage onwards, the perichondrium is known as the
perosteumn. The inner layer of the periosteum sends buds which invade
and dissolve the calcified cartlage. The first invading tissue consists of
large multinucleate amceboid cells termed osteoclasts. It is believed that
these osteoclasts destroy or discolve the existng calcified cartilage so mak-
ing cavities or channels which will soon be fil'ed with blood and osteoblasts.
Then the osteoblasts begin to deposit spongy bone which nearly fills these
cavitier formed by the osteoclasts, The spacss in this newly formed spongy
bore are filled with blocd vessels and connecive tissue known as the
emktryonic bone-marrow. This process is continued and radiating out-
wards until all the shaft is formed of bone. Ossification of this type
is called intracartilaginous or endchondal ossification.

While this pracess is beirg continued, another process of intrame-
mbranous ossification takes place in the surrounding periosteum.  This
process is called perichondral essification. It forms an outer layer of
memkterane bone around the shaft. By this process, the shaft increases
gradually in width,

Between each epiphysis and the shaft lies a narrow plate of hyaline
cartilage, the epiphysial cartilaginous plate. The increase in thickness
of this plate allows the shaft to increase in length. Around the age of 21
in man, this cartilaginous plate ossifies and thus the increase in length
ceases.

The above mentioned way of ossification shows that the cartilage is

gradually replaced by spongy bone. Then, this newly formed bone
undergoes reconstruction or rearrangement before being an adult bone.
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3. Reconstruction of bone

In this process, the spongy bone is gradually destroyed or absorbed in
a definite way most probably by the osteoclasts and then rebuilt again by
the osteoblasts. The middle of the shaft is absorbed and the formed cavity

is filled with red bone marrow which will be changed into the yellow type
afterwards.

In the mean time, the bony cylinder beneath the periosteum becomes
invaded at numerous points by osteoclasts. These cells destroy and dis-
solve the bone making wide longitudinal channels which communicate
with one another and are filled with blood and osteoblasts, Then
the osteoblasts lining the cavity of each channel begin to deposit concentric
lamellae of bone. The formation of these bone lamellae reduces the
dimension of the cavity of the channe! and forms a narrow canal which is
known as the Hawversian canal. Thus in this way the Haversian
systems are formed. This process of destruction and construction of bone
is repeated many timezs until the formation of adult dense bone is complete,

From the above description, it is noticed that the long bone, femur,
shows at the same time the two kinds of ossification and thus it consists of

the resulting two types of bones which are the membrane and cartillage
bones.

VASCULAR TISSUE

This tissue is also called Ligquid Hissue. It includes blood, lymph
and their vessels. Vascular tissue differs from other types of connective
tissues in the fact that :

() The intercellular substance is formed of a liquid called plasma.
It shows no fibres in the normal condition but fibres could be demon-
strated in the coagulated state.

(i) The cellular part is represented by the corpuscles which are not
responsible for the formation of the plasma,

(iii) The corpuscles are formed in special organs outside the blood vessels
and then enter into the vessels in a fully formed condition.

THE BLOOD

Blood consists of a fluid blood plasma in which are suspended blood

corpuscles of different types and other more minute bodies called
blood platelets.
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1. Blood Plasma

The plasma is a yellow or grey coloured fluid. It is a complex
mixture of inorganic salts in solution (mainly of sodium and potassium)
and proteins and fats in colloidal sol (fibrinogen, globulins and albumins).
Other substances normally present in the plasma include nutritive subs-
tances (glucose and amino acids), excretory products (urea), hormenes,
antibodies and other substances as oxygen and carbon dioxide. Tt trans-
ports various substances to the different celis of the body.

2. Blood Corpuscles

Blood corpuscles fall into two groups : red blood corpuscles or erythro-
evtes and white blood corpuscles or leucocytes.

(a) Erythrocytes
The red blood corpuscles vary in size and number in the different
groups of vertebrates (Fig. 24). In the vertebrates other than mammals

Fig. 24 — (4) Blood film of man; (8) Blood film of *Bufo”

{birds, reptiles amphibians and fishes) the red blood corpuscles are oval,
biconvex and nucleated. In camel and Llama, they are oval, biconevx
and non-nucleated. In mammals they are circular, biconcave and nen-
nucleated dices.

In man the erythrocytes have a diameter of about 8 microns and
thickness of about 2 microns. The corpuscle is greenish yellow in colour
but when corpuscles are examined in bulk, they are red coloured. The
corpuscles are soft and flexible. They are bounded by a thin elastic semi-
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permeable membrane formed of lipid and protein.  When the corpuscle
is squeezed through a narrow capillary, it becomes deformed but soon it
regains its disc shape when enters a larger vessel.

Haemoglohin mainly forms the red corpuscle and it is referred to as
the respiratory pigment. It is the colouring matter of the biood and
formed of a complex protein substance containing iron. It forms with
oxygen in the lungs a loose combination called oxyhaemoglobin which
is bright red in colour. This oxyhaemoglobin gives up its oxygen readily
to the tissues of the body and becomes reduced again to haemo-
globin which is dark red in colour.

The erythrocytes have a marked tendency to adhere to one another
by their broad surfaces and to assemble in long columns resembling piles
of coins called reuleaunx.

The average number of the erythrocytes in a normal adult man
is about 5 millions and in woman it is about 4.5 millions per cubic milli-
imetre of blood. Variations in number, however, occur within the same
individua! under different physiological conditions as well as in disease.

The red blood corpuscles are formed, in the human adult, in the red
bone marrow which is found in the vertebrae, ribs, sternum, bones of the
skull and the epihyses of long bones. In the embryo and the new-born
child, the cavities of all bones contain only red bone marrow. With pro-
gressing age, the red bone marrow of the shafts of long bones is gradually
substituted by the yellow bone marrow which is rich in fat cells.

During its development from the erythroblasi, the erythrocyte loses
its nucelus. It lives for about 120 days. Thus milions of new erythrocytes,,
must enter the blood stream daily to replace the destroyed old ones. They
are mainly destroyed by phagocytes in the lymphatic tissues particularly
in the spleen. The haemoglobin of the ingested erythrocyte is broken into
haecmatin and globin. Haematin is further split into bilirubin which is
excreted with the bile and into iron which is retained by the spleen and
utilized for the formation of new erythrocytes.

Morcover, some of the old erythrocytes are disintegrated into small
fragments in the circulation itself. These fragments are ingested most
probably by the monocytes.

Haemoglobin in the blood of vertebrates is found in the corpuscles.
1t is found in sclution in the plasma of some worms and some other inve-
rtebrates. In case of most Crustacea and Mollusca, it is replaced by
another respiratory pigment known as haemocyanin which is 2 compound
protein containing copper in place of iron. Haemocyanin never contained
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in corpuscles but in solution in the plasma. It is bluish coloured when ir
contact with oxygen and colourless when deprived of .oxygen.

The erythrocytes play an important part in respiration. They are the
carriers of oxygen which is carried from the lungs and distributed to the
different tissues of the body for their metabolic activities. They can also
carry the carbon dixoide produced by the cells of the body after metabo-
lism and get rid of in the lungs.

{6) Leucocytes

The leucocytes are nucleated spherical cells containing no haemoglobin
or other blood pigment. They are generally larger in size than the erythro-
cytes and present in different types (Fig. 24). They are capable of amoe-
boid movement and thus able to penetrate through the walls of the blood
capillaries and penetrate into the tissues where they mainly carry on their
functions. They are capable of enguliing small foreign particles such as
bacteria and can produce antibodies in some cases.

The leucocytes are far less numerous than the red cells. The
proportion between them being 1 (white) : 600 (red) for their number in
normal man is about 8,000 per cubic millimetre of blood. This number
increases or descreases according to the physiclogical or pathological
-conditions.

The leucocytes are classified into : -

Non-granular leucocytes or agranulocytes

These have no granules in their cytoplasm and develop from the lym-
phatic tissues. They include two types : lymphocytes and meonocytes.

Granular Ieucocytes or granulocytes

These show grariules in their cytoplasm and develop from the red bone
marrow. The nucleus consists of several Iobes (from 2 to 5 lobes) connected
together by threads of nuclear substaace. They include three types
of leucocytes which are : neutrophile leucocytes, acidophile leucocy-
tes and basophile lencocytes.

1. Lymphocytes

Lymphocytes range from 6 to 8 microns in diameter with a large
nucleus and a small amount of cytoplasm. They form 20-25 per cent of
the total number of leucocytes. Their phagocytic power is very slight.

The function of lymphccytes is not clearly defined. It is suggested that
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they produce detoxifying substances or antibodics. They can also break
down to take part in the formation of nucleoproteins. Some assume
that they can change into monocytes.

(ii) Monocytes

Monocytes are the largest tvpe of leucocytes, their diamecter ranges
from 10 - 14 microns or even up to 20 microns when stretched and dry.
They constitute about 3 - 7% of the total number of leucocytes, The
nucleus is oval or kidney-shaped and eccentric in position.

The monocytes are highly motile and phagocytic especially towards
foreign bodies and parasitic organisms.

(iif) Meutrophile lencocytzs (neutrophils)

These range from 9 -12 microns in diameter and constitute from
60 - 70% of the total number of leucocytes. The nucleus is large
and usually divided into 3 - 5 lobes so these cells are called polymorpho-
nuclear lencocytes, The cytoplasm contains a number of fine granules
which stain with neutral stains in human blood. In other animals they
are called heterophils for their staining reactions are different according
to the specles.

The neutrophils are highly motile and phagocytic. They ingest many
types of bacteria and other foreign particles. They can also produce
enzymes which act on phagocytosed matter within their own bodies. It
is also suggested that these cells secrete a substance to stimulate the fibro-
blasts to multiply and form fibres to repair the damaged tissues.

(iv) Acidophile leucocytes (acidophils or cosincphils)

The diameter of the acidophils ranges from 8- 12 microns. These
leucocytes constitute from 2 - 49, of the total number of leucocytes. The
nucleus is usually 2 -3 lobed. The cytoplasm possesses large spherical
granules which stain deeply with acid stains as eosin.

It is suggested that these cells secrete detoxifying substances in the
blood when parasitic nematodes infect the body. They may be involved
in the state of allergy, for they increase in number in various allergic con-
ditions as bronchial asthma and certain skin diseases.

{v) Basophile leuncocytes (bacophils)
These are nearly of the same size ag the acidophils (9 - 12 microns in

diameter;. They constitute only about 0.5 - 1.09, of the total number of,
leuencytes. The nucleus ic elongated or S-shaped. The cytoplasm containg
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granules of variable number and size which stain deeply with basic dyes.
The granules dissolve readily in aqueous solutions.

The basophils are f{eebly motile and are not phagocytic Their function
is still not definite. In certain pathological conditions, these cells increase
in number together with the increase of the eosinophils,

3. Blood Platelets

In mammals, blood platelets are minute bodies in the form of spindles
or rods of 2.4 microns in diameter. Their number is about 250,000 per
cubic millimetre of blood. These are not true cells because they possess
no nuclei. Each consists of 2 masc of cytoplasm in the middle of which is
a group of granules which when packed together may give the impression
of the presence of a nucleus,

It is believed that they live for about eight days after which they are
destroyed and phagocytosed in the spleen. Their number, however, is
consantly maintained by replacement from either certain cells in the
red bone marrow or they are the products of the disintegration of the red
blood corpuscle..

Blood platelets are believed to take an important part in the
process of blood clotting. It is noticed that when a considerable fall in their
number takes place (60,000). a tendency for haemorrhage always appears.
They possess the enzymes that play a role in carbohydrate metabolism.
Moreover, it is suggested that they furnish a material that helps to main-
tain the integrity of bleod wvessels.

Blood platelets are absent from the blood of the lower vertebrates. In
these animals instead of the platelets they have spindle true cells called
thrombocytes which play the same role of the platelets in the blood
coagulation.

THE LYMPH

Lymph is a yellowish fluid which resembles the plasma of the blood in
composition, in the fact that some white corpuscles are suspended in it
and that it has the power to form a clot. It arises by the diffusion of the
blood plasma through the walls of the blood capillaries and surrounds the
tissues of the body.

"Excess of lymph in the tissues is conducted in special blind small cavities.
or tubes called lymph capillaries. These in the wall of the intestine are
lacteals. Lymph capillaries join one another and form larger lymph
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vessels or lymphaties through which the lymph passes in one direction
6l it is returned back to special veins of the blood system. The lymphatics
are provided with valves to prevent the backward flow of the lymph and
a muscular coat may also be present.

Lymph plays an important part in facilitating the exchange of
materials and gases between blood and the cells of the body.

Closely connected with the lymph vessels are collections of lymphatic
tissues forming the different lymphatic organs such as lymph nodules,
lymph nodes, tonsils and spleen. These organs serve as filters for various
particles and bacteria brought with the lymph where they are taken up
and destroyed. In their sinuses old erythrocytes are phagocytosed
by special cells. Moreover, lymphatic tissues form the agranulocytes and
may produce antibocies by some of their cells.

III. MUSCULAR TISSUE

The movements of the various parts of the body of most animals are
brought about by means of the contraction of its muscles. The muscles
propel bedy liquids and excretions from place to place. The muscular
tissye is built up of units of muscle cells called muscle fibres. A muscle
is a2 number of musele fibres bound together in bundles or fasciculi
by connective tissue. Muscles are richly supplied with blood vessels but
these do not penetrate into the individual muscle fibre. However, fine
nerve fibres end in the muscle fibre. The muscles are developed from the
middle germ layer, the mesoderm.

Vertebrates have three types of muscles, these are ; unstriated or
smooth muscles, striated or skeletal muscles and cardiac muscles.

A) Unstriated muscles

The unstriated or smooth or visceral muscles are formed of a number
of elongated, spindle shaped muscle fibres (Fig. 25). Each fibre has an
oval or rod shaped nucleus which is situated in the middle of the muscle
fibre. The nucleus is surrounded by an amount of undifferentiated cyto-
plasm known as sarcoplasm. The fibre consists of numerous delicate
myofibrils running throughout the whole length of the fibre. These run
close to one another and separated by fine sarcoplasm. The myofibrils
represent the differentiated and contractile part of the cytoplasm of the
fibre. The smooth muscle fibres do not show any transverse striations.
They are joined together by a delicate system of connective tissue.



Fig. 25 — Tsolated unstrinted muscle fibres.

The unstriated muscles respond very slowly but work for a long time
without being fatigued. They are involuntary in actien and are supplied
with autonomic nervous system.

The visceral muscles are generally arranged in layers, but within con-
nective tissue they may be scattered singly or in groups. They are found
in the walls of the alimentary canal, blood vessels, glands and their ducts
and the urinary bladder.

B) Striated muscles

The striated or skeletal muscle fibre is an elongated and cylinidrical
structure with more or less tapering ends (Fig. 26). The whole fibre is
enclosed in a thin delicate membrane called sarcolemma. The fibre is
formed of numerous longitudinal contractile fibrils called myofibrils or
sarcostyles. These run close and paraliel to one another and to
the long axis of the fibre. They are separeted by fine undifferentiated
cytoplasm called sarcoplasm. The striated muscle fibre contains several
elongated nuclei, each of which is surrounded by a portion of sarcoplasm.
The striated rmuscle fibre contains several elongated nuclei, each of which
’s surrounded by a portion of sarcoplasm. Thus each striated muscle fibre
is regarded as a group of cells in a syncytial form. In mammals the nuclei
are situated peripherally close to the sarcolemma while those of the lower
vertecbrates are scattered throughout the fibre.

The striated muscle fibre is characterestically striated transversely.
This is brought about by the division of each myofibril, along its length,
into alternate dark or {A) bands and light or 1. bands. Since dark and
light bands of one myofibril lie beside those of the adjacent myofibrils
and at the same level, thus the combined effect produced gives the
fibre a transversely striated appearance. In the middle of each light band
runs a dark line called Krause’s membrane or {Z) membrane. Simi-
larly, the dark band is also divided by a linc called Hansen’s line or
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Fig. 26 — (d4) L.S. of striated muscle; (B) An enlarged part of a sarcostylte.

(H) membrane. The part of the myofibril which lies between two succes-
sive Z membranes is known as a sarcomere, -

Concerning the structure of a myofibril, it is believed that there are
two types of protein filaments in the sarcomere (Fig. 27).

= 7

ACTIN
[~ FILAMENT

Fig. 27 — Diagrams of L.S. in skeletal muscle to shiow fine structure during contrac-
tion : (4) resting muscle; (B) partially contracted; (C) contracted,
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(6) Thin actin filaments extending between Z and H membranes. thus
extending through I and A bands.

(6) Thick myosin filaments which are confined to A bands.

The two sets of filaments are found in the A bands while there is only
the thin type in the I bands. These two types of filaments are hexagonally
arranged, i.e. each myosin filament is surrounded with six actin ones.

Shortening and stretching of the fibrils involve the slipping of the thin
actin filaments relative to the thick myosin filaments. Thus, the decrease
or increase in length of the I bands is attained when the thin actin
filaments are either drawn into ar pulled out of the A bands.

There are two varieties of siriated muscles, red and white. The
red muscles contain abundant granular sarcoplasm, numerous nuclei which
may he centrally located and poorly developed transverse striations. They
contract more slowly but are less fatigued than the white ones. Their
colour is due to the presence of myoglobin (mychaemoglobinj which is
closely related to haemoglobin. Myoglobin takes up oxygen from the
blood and passing it on to the myofibrils.

The white or pale muscles contain less sacroplasm, well defined :rans-
verse striations and peripheral nuclei. These muscles respond more rapidhy
to stimulation but fatigue more quickly than the red ones.

The two types of muscles are found, in some animals, as separate
muscles. However, in mammals, they are combined in single nwscles. In
general, the constantly active muscles contain the largest proportion of
red fibres, (e.g. diaphragm, ccular and masticatory muscles).

The striated muscle fibres are connected together by connective tissue
called endomysinm to form bundles or fasciculi. Each bundle (fasci-
culus) is surrounded by a connective tissue called perimysium and
togther with other bundles form a visible muscle which is surrounded by
a sheath of connective tissue called epimysium. This epimysivm is con-
nected with tendons which attach muscles to bones.

Striated (skeletal) muscles comprise all muscles attached to the
skeleton. They are all voluntary with the exception of the muscle fibres
of the pharynx and those of the upper part of the oesophagus which
although striated are involuntary.

C) Cardiac muscles

Cardiac muscles are only found in the wall of the heart. They are inter-
mediate in structure between the unstriated and striated muscles (Fig. 28).
They are involuntary and have the property of coniracting rhvthmically.
They are innervated by the outonomnic nervous system.
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Fig. 28 — L.5. of a cardiac muscle

Cardiac muscle fibres are relatively short, branched and unite to form
a network of muscle tissue. The fibres are feebly striated transversely,
Granular sarcoplasm is abundant around the nuclei which are oval and
lie near the centre of the fibres. There is no distinct sarcolemma. There
are transverse markings known as the intercalated discs which cross

the fibres and at variable distances from one another. ’

IV) NERVOUS TISSUE

The nervous tissue is the most highly differentiated tissue of the body.,
In this tissue irritability and conductivity, which are two of the funda-
mental properties of the living protoplasm, are more highly developed:
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than else where in the body. Nervous tissue develops entirely from the
ectoderm.

Histologically, nervous tissue consists of aerve cells or neuroms
which are the nervous elements proper and of nenroglia which serve
mainly to support and bind the nerve cells together.

A} NEURON

The ncuron is the structural and functional unit of the nervous tissue.
It consists of a cell body which contains the nucleus and a number of
cell processes which are the axom and dendrites (Fig. 29).

Neurons are of 3 types :

Unipolar neurons — where every nerve cell gives off one process
which divides into two processes.

Biploar neurons — where every nerve cell gives off two processes
one called the axon and the other i3 the dendrite.

Multipolar neurons — where every nerve cell carries several pro-
cesses, one is the axon and two or more dendrites.

1. The cell body

The cell body of the neuron contains the nacleus and the cytoplasm
or ncuroplasm in which are embedded many granules and fine fibrlis
called neurofibrils.

The nucleus is large spherical and contains a weil marked nucleolus.
The neurofibrils are numerous and run both in the body of the cell and
in the cell processes. They peither branch nor anastomose. In the cell
body they cross one another but in the processes of the neuron they run
parallel to their long axes. It is believed that these neurofibrils play an
important part in the conduction of the nerve impulses. Usually, neuro-
plasm shows numerous granules called Nissl bodies or granules, These
granules are also found in the dendrites but they are entirely absent from
the axon and from the part of the neuroplasm from which the
axon emerges. Their physiological significance is not quite clear. It is
suggested that Nissl granules represent a reserve food substance which is
used during the activity of the reuron.

Bodies of neurons are found in the grey matter of the brain and of the
spinal cord. In some parts of the body, they are found in groups forming
structures called ganglia.
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2, The processes of the neuron

The processes of the neuron are of two kinds : the dendrites and the
axon.

The dendrites or dendrons are thicker and shorter than the axon.
The dendrite branches repeatedly and terminates not very far from the
cell body. It is formed of numerous parallel neurofibrils embedded in the
neuroplasm or interfibrillar substance.

The axon or axis cylinder — Every neuron has got only one axon,
The axon is thinner and longer than the dendrites of the same neuron.
It does not branch like the dendites but it may give off lateral fine bran-
ches known as the collateral branches. It ends by breaking up into a
tuft of fine branches known as the nerve endings or terminal arborisa-
tion. The axon is formed of numerous parallel neurofibrils embedded
in neuroplasm which is called axoplasm: Nissl granules are absent.

Physiologically, the axon is that process which transmits nerve impulses
away from the body of the neuron whereas a dendrite is that process which
transmits the nerve impulses towards the body of the neuron.

The terminal arbortstation of many neurons usually occur close to the
branches of the dendrites of other neighbouring neurons without being
actually connected together and the place between them is known as the
synapse. Through this synapse, nerve impulses are transmitted, in one
direction, from one neuron to anpther.

NERVE FIBRES

The axon of a neuron is often of great length and is then called
a nerve fibre, Bundles of numerous nerve fibres connedted together by
fibrous connective lissue forin what is known as a nerve.

The nerve fibres are of two tvpes: -

Medullated or myelinate nerve fibres, and non-medullated or amylin-
ate nerve fibres.

1. Medullated nerve fibre

The axon, which forms the central part of the fibre, is covered by a
relatively thick layer of a fatty substance called medullary or myelin
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sheath. This sheath invests the whole fibre except at its proximal and
distal ends. Another) thin sheath or membrane covers the myelin sheath
called neurilemma or Schwann’s sheath. This neurilemma is a thin
layer of cells in the form of long hollow tubes with oval nuclei
The myelin sheath i3 not ecntinuous throughout the whole length of the
nerve fibre, it is interrupted, at more or less regular intervals, at places
called nodes of Ranvier. At each node of Ranvier the neurilemma comes
into direct contact with the axon. The part of the nerve fibre which lies
between two successive nodes is called an intermode.

A medullated nerve fibre is naked from its two sheaths at its proximal
and distal ends. It has a myelin sheah but no neurilemma in the white
matter of both the brain and spinal cord. It has bath sheaths in its other
peripheral course.

Functionally, both the myelin sheath and neurilemma probably act
as insuiators against the loss of the nerve impulses passing along the axon
during the activity of the neuron. Moreover, the myelin sheath may have
a nutritive function and may probably take a part in the formaton of the
nerve impulses. The neurilemma is very important in the regeneration
of nerve fibres.

Medullated nerve fibres are sometimes called white fibres. They
are principally found in cranial and spinal nerves. The white matter of
the central nervous system consists chiefly of these fibres. In lower animals
they are rarely present.

2. Noo-medullated perve fibre

The axon of this type, forms the bulk of the fibre. 7The axon is
directly covered with the neurilemma as the mavelin sheath is absent.
Non-medullated nerve fibres are sometimes called grey fibres. These
are found in the autonomic nervous system. They are common among
invertebrates.

THE STRUCTURE OF A NERVE

In the peripheral nervous system, groups of nerve fibres are united
together by connective tissue to form 2 nerve or a nerve trunk (Fig. 30).
Each nerve is covered with a thick layer of fibrous connective tissue called
epincorium. The epineurium carries blood vessels and perves. It is



96

SNEURUN

PLAINE LIRSUP

FAY CEL

Fig. 30 — (4) T.S. of a sciatic nerve of cat; (B) An enlarged portion of
a perve bundle.

continuous with the conective tissue dividing the nerve into bundles.
Each bundle iy then encircled by a dense lamellated connective tissue
called perineurium. From this perineurium fine strands of connective
tissue extend inwards, separating znd surrounding the individual nerve
fibres. These fine strands are called endoneuriom.

B) NEUROGLIA

Besides the nerve cells and their processes, there occurs in the brain and
spinal cord a peculiar tissue which is called renroglia. This neuroglia
is composed of branched cells (glia cells) of different types (Fig. 31).
These cells form a kind of spongework to support and bind together the
delicate nerve cells and other nervous elements.
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Some of the neuroglia cells are found to be radially arranged. They
start from the lining layer of the ventricle of the brain and the central
canal of the spinal cord. They run in a radial direction and slightly
diverging arnd branching as they proceed towards the surface of the

organ.

Fig. 31 — Some types of neuroglia cclls,






PART THREE
PHYSIOLOGY






INTRODUCTION

Physiology (Gre. Physis = function; logos = study) is a branch of
science which deals with the study of the functioning or working of an
organism or its parts or in other words, the manner in which the whole
body of an organism or its main organs carry out the various processes of
life such as digestion, respiration, excretion, reproduction, circulation,
etc. In this part of the book, students may revise the detailed structure of
the organs, which will be dealt in later chapters.

DIGESTION

It is a process by which food is borken down into simpler form so as
to be easily absorbed and assimilated. This process is brought about by
certain ferments or enzymes which are thermolabile proteinous subs-
tances responsible for the chemical changes produced in the food, (called
here substrate) leading to its conversion into simpler forms.

The activity of these enzymes is influenced by tempertaure, pH, time
and presence or absence of activators, [c.g. enterokimase) and
co-gneymes, (c.g. CL).

Digestive enzymes are classified into : -

a; Carbobydrases or amylolytic enzymes acting on carbohydrates.
i) Proteinases or proteolvtic enzymes, acting on proteins.

(¢; Lipases or lipolytic enzymes, acting on [ats.

FOOD

Substances which may serve as food are carbohydrates, proteins, lipids,
yitamins, mineral salts and water.

Water is very important as it makes up sbout twe thirds of the human
body. It helps in the chemical changes during digestion or any other
process. It aids also in peristalsis and renders the process of osmosis possible.
Besides, it helps in regulating the body heat. Man can live weeks without

food, but only a few days without water. Certain desert animals lhe
101
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indefinitely without drinking water as they obtain it from the food they
eat.

CARBOHYDRATES

These are products of three main elements, carbon, hydrogen and
oxygen. Hydrogen and oxygen are found in the same proportion as in
water. Carbohydrates differ according to the number of the carbon atoms,
contained in them. They may be dioses in case the molecule contains
two carbon atoms, trioses, with three carbon atoms, tetroses, with four,
pentoses with five and hexoses with six carbon atoms.

Examples of trioses are dihydroxy-acetone and glyceraldehyde
(CH,O;). Ot the pentosss (C H,,O,) there are xylose, arabinose and
ribose. Hexoses are the most common and they are divided into three
main groups : -

Monuosaccharides (CH,,04)
Disaccharides (Cy,H,,000)
Polysaccharides (CgH ,Hn

l. Monosaccharides.

These comprise easily digested sugars and include glucose {grape
sugar), fructose {fruit sugar}, galactose (milk sugar} and mannose.

2. Disaccharides

Formed by the condensation of two molecules of monosaccharides
with loss of a single molecule of water. Examples are sucrose, maltose
and lactose.

By the process of digestion each molecule of disaccharides splits into
two molecules of monoszccharides.

Sucrose =—» pglucose - fructose.

Lactose =—p glucose -+ galactose.

Maltose ——» glucose 4 glucose.

3. Palysaccharides

These are formed by the combination of n molecules of mono-
saccharides with loss of n molecules of water. These complicated
substances are divided into :
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(a) Nuwient polysaccharides, ¢.g. dextrin, starch and glycogen.

() Skeletal or structural polysaccharides, e.g. cellulose and chitin.

Carbohydrates supply the body with heat and energy.

PROTEINS

These are highly complicated substances which contain carboen,
hydrogen, oxygen, nitrogen and sometimes sulphur or phosphorus or
both.

Protein molecules are made of simpler components known as amino-
acids joined together via the peptide linkage — CO.NH ---, which results
from the combination of NH, - group o: one amino acid with COOH -
group of another acid.

1. Simple proteins
Examples of this group are albumins, globulins, glatelins and
albuminoids.

2. Conjugated proteins

Examples of this group arc caseinogen, haemoglobin and macin,

3. Derived proteins
Protecses, peptones and polypeptides are examples of this group.
In the process of digestion, carried out by hydrolvtic enzymes, pioteins
are bruken at first into proteoses, then to peptones, to polypeptides (car-
boxypolypeptides or aminopolypeptides} to dipeptides then finally to
amino acids. T'hus amino acids are the simplest form of proteins.
. The principal function of proteins is the building up of protoplasm
cither for the sake of growth or for rebuilding the tissues which have been
destroyed.

LIPIDS

Lipids are divided into simple and compound lipids. The simple
lipids comprise fats, waxes and sterols while the compound ones contain
phospholipids, aminolipids and glycolipids.
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1. Fats

These are substances derived from animal and plant sources, composed
of carbon, hydrogen and oxygen and possess a greasy or oily consistency.
Each molecule of fat is composed of one molecule of glycerol combined
with three molecules of fatty acid. Examples of fats are the verv simple
fats known as tributyvine found in butter a combination of glycerol and
butyric acid, tristearine (glycerol and stearic acid), tripalmitine (gly-
cerol and pzlmitic acid) and triolein {glycerol and oleic acid).

Fats are important both as fuels and as structural constituents. Their
digestion results in splitting them into fatty acids and glycerine.

2. Waxes.

These are substances formed as a result of combination of fatty acids
with complex monohydric alcohols and found in blood, lymph, medullary

sheath of nerve fibres, sebaceous glands and in the cortex of the adrenal
gland.

3. Sterols

These are very important substances. Examples are cholesterol
(zoo-sterol} and ergosterol (phytosterol). Cholesterol is found in bloed,
milk, egg yolk, medullary sheath, liver, kidney and adrenal gland and is
considered as an important component of the nervous tissue. Irradiation
of ergosterol by ultra-violet rays leads to the synthesis of vitamin D,.

VITAMINS

Vitamins are important substances the deficiency of which leads to
a number of diseases. This classical nomenculature. based upon Greek
origin (vita = life, and amine = substance with NH, radical) was
tntroduced by Funk 1912. Vitamins are generally referred to by letters
ABCDEG and P. '

Some are soluble in fats and occur naturally together in association
with them while others are water soluble.

Far-soluble vitamins are : -

A or Axerophthol, the anti-xerophthalmic or anti-infctive
vitamin.

D or anti-rachitic vitamin.

E Tocopherol or anti-sterility factor.

K Anti-haemorrhage vitamin,
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Water soluble vitamins are :

Complex (B "By and B,)) and pantothenic acid, para amino
benzoic acid, biotin, follic acid, cholinc and inosital.
C Ascorbic acid or aati-scorbutic factor.
P Citrin or hesperidin.
Vitamin activity is expressed in units and the most ¢common of which
are the mternational units (1.U.).

The deficiency of vitamins was noticed to cause diseases, ako the

increase of certain vitamins was found to cause disturbances. For example
hypervitaminosis of vitamin D was noticed to lead to arteriosclerosis.

1. Vitamin A (anti-xerophthalmic or anti-infective).
This is a fat soluble vitamin occurring in fish-¢il, egg-yolk, green
vegetables and carrots. Its difficiency causes :
() Night blindness.
(6} Drying of the cornea of the eye.
(¢) Low resistance to bacterial infections.
This vitamin is not destroyed by ordinary cooking.
2. Vitamin B

This is a water soluble vitamin. It is composed of several substances

B,, B,, B,, B,, B,, and B, and B, thus it is referred to as vitamin Bcom-
plex.

(a) Vitamin B, (anti-neuritic or anti-beri-beri)

This is identified chemically as aneurin or thiamin. It occurs in green
vegetables, unpolished rice, yeast and wheat. Its deficiency causes the
discase known as Beri-beri. This disease causes inflammation tc the nerves
thus leading to paralysis. It is common in China and Japaan where the
polished rice is the main food. Its deficiency also causes destruction to the
appetite and retardation of growth as well as disturbance in carbohydrate
metabolism and digestion in general. It is not easily destroyed by heat,

{6) Vitamin B, or G.

This vitamin is chemikally known as Riboflavin. It occurs in some
vegatables, yeast, milk, egg-yolk and liver. Its deficiency will cause inflam-

mation and cracking of skin at the corners of the mouth, a case known as
cheilosis.
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{¢) Vitamins B, -- B,

Little is known about these vitamins and they are all necessary for
growth and occur in yeast, liver, and egg-yolk. B, or pyridoxine was found
to aid in amino acid reactions.

(d) Vitamin 81 {anti-pellagra or p:p factor)

Chemically this vitamin has been shown to be either nicotinic acid
{niacin) or its amide (nicotinamde). It is abundant in yeast, milk, yolk
of eggs, liver, fresh meat, green vegetables and tomatoes. Its deficiency
leads to pellagra disease which is most common in Egypt and is charac-
terised by skin lesions, muscular weakness as well as digestive und nervous

disturbance.

3. Vitamihs B,
This vitamin is very important for the maturation and formation of

the red blood corpuscles. Its deficiency leal to anaemia (pernicious anae-
mia). It occurs in milk, liver, checse, meat and egg-yolk.

4. Vitamin C (anti-scorbutic vitamin)

Chemically this vitamin is known as ascorbic acid. It is a water soluble
vitamin found in large quantities in citrus fruits as well as in toma-
toes, cabbages and lettuce. Its deficiency causes scurvy characterised by
the partial destruction of the blood capillaries, thus Jeading to bleeding
gums, haemorrhage in mucous membranes under skin and in joints as
well gastric ulcers and decay of teeth,

This vitarnin is easily destroved by heat and also in alkaline medium.

5. Vitamin D (anti-rachitic vitamin)

This is a fat soluble vitamin occuring in fish liver oil, butter, milk,
cheese, egg-volk and liver. Tts lack causes rickets especially in children.
Sunlight is the cheepest source for this vitamin. It has been suggested
that the ergosterol forend lelow the skin transforms to vitamin D on
exposure to sunlight (containing ultra wviolet rays: Accordengly this
vitamin is also called sunshine vitamin.

6. Vitamin E (anti-sterility vitamin)

It is a fat soluble vitamin. Chemically it was found to be alpha-
tochopherol. It is abundant in green vegetables, egg-yolk, and oils,
It has been tested in rats and its lack leads to sterility in both sexes.
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7. Vitamin K (anti-haemorrhage vitamin).

This is a fat soluble vitamin. It occurs in green leaves, tomatoes and
egg-yolk. It is essential for formarion of prothrombin of hlood and its
deficiency leads to blesding due to delay in the clotting of bloed.

8. Vitamin P

This 1s also known as citrin or hesperidin, It is water soluble and is
associated with vitamin C and belicved to supplement its action.

MINERAL SALTS

Some elements of mineral salts are known to be essential for the diet,
Examples are sodium (mainly from sodium chloride), calcium, iron,
potassium, phosphorus, copper, iodine, magnesium, and zinc, Sodium
and chlorine have an important role in maintaining osmotic balance in
the body and are also major componentr of the secretions of digestive tract,
(e.g. hydrochloric acid of the somach, pancreatic and intestinal juices).
Potassium and magnesium are necessary for muscle contraction. Calcium
and phosphorus are chief constitutents of bones and teeth. Phosphorus is
extremely Important in carbohydrate metabolism and is essential for body
tissues in general and brain tissue in particular. lodine is a constituent of
the thyroxine hormone and its deficiency leads to goitre cases.

Iron is a constituent of haemoglobin and of the cytochromes. Small
amounts of copper are necessary te bring about the proper utilization of
iron and for normal growth. Traces of manganese, zinc and coblat are
also required for normal growth and as activators of certain enzymes.
Traces of fluorine in drinking water was found to be remarkably effective
in preventing dental decay.

PROCESS OF DIGESTION

Digestion takes place throughout the alimentary canal and it may be
divided into buecal, gastric and intestinal as follows :

BUCCAL DIGESTION

Buceal digestion takes place in the mouth. There are two processes,
one meckanical or “mastication”, involving the break down or grind-
ing of food by teeth, aud other chemical, involving the action of saliva,
secreted by the salivary glands. Saliva is an alkaline watery fluid contain-
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ing an enzyme called ptyalin. This ferment acts on starch and converts
it into maltose. The food is then swallowed after it is partly digested,
and passed through the oesophagus by peristaltic movement to the
stomach.

In the stomach the food mass is. liquified and prepared for gastric
digestion. The action of ptyalin continues for a while until the food has
become permeated by the acidic gastrie juice, then the action of ptyalin
stops owing to the acidity of the gastric juice as ptyalin acts only in an
alkaline medium.

GASTRIC DIGESTION

The gastric juice is a colurless acidic fluid which consists partly of
inorganic and partly of orgaric matter in solution. Among the inorganic
matter is HC1 which is produced Fom certain cells of the tubular glands
called oxyntic cells. HC1 is formed in these glands by interaction between
NaCl, CO, and water. It acidifies the medium in which the gastric
ferments can act. Besides, it acts as an antiseptic and disinfectant against
harmful organisms. The organic parts on the other side are mainly formed
of three enzymes namely gepsin, rennin and lipase,

Pepsin is secreted from the peptic cells of the tubular glands in an
inactive form of mother substance or precursor called pepsinagen, which
is converted into active pepsin in the presence of HCl. Pepsin acts on
proteins converting them into peptones.

Rennin is vsually known as milk-curdling ferment. It acts on soluble
caseinogen present in milk and liberates casein in the presence
of calciam phosphate. Casein, then, can be acted upon by
pepsin.

Lipase acts on fats to give glycerine and fatty acids. But since the
fat must be emulsified for the proper action of such an enzyme and also
for the reason that the medium is acidic and not alkaline, the action of
this enzyme is insignificant.

The secretion of the gastric juice is intluenced by mechanical and
psychical stimuli, The mechanical stimulus is brought about by the
presence of food in the stomach in contact with its wall which causes
glands to secrete gastric juice. The psychic stimulation depends on
impulses reaching the cemntral nervous system through senses as smell,
thought or sight of food. The secrction of the gastric juice may be
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inhibited by the sympathetic nervous system as may happen in strong
motions such as fear or anger. The food remains in the stomach for about
two hours, after which it is finally transformed into a viscous opaque
yellow actdic liquid called the chyme.

INTESTINAL DIGESTION

As soon as the acidic liquid called chyme is formed, it begins to parss
out of the stomach to the small intestine at intervals. The passage is
controlled by the pyloric sphincter muscles which close and open,
beirng regulated by the pH of the passing fluid, until the whole chyme
passes to the ducdenum and becomes alkaline.

In the small intestine three digestive fluids act on the chyme descend®ng
from the stomach by the peristaltic movement. These fluids are secreted,
and theilr secretion is stimulated by a hormone called secretin, produced
by the duodenal wall. The fluids are, the pancreatic juice from the

pancreas, hile from the liver and intestinal juice from the small
intestine.

{¢) Pancreatic juice

This is an alkaline watery fluid containing mineral salts and ferments.
Mineral salts are mainly NaCl and Na,CO,. The fermentws are, préteo-
lytic, amylolytic and lipolytic.

(1) Proteolytic ferments.

The proteolytic ferments are trypsin, chymotrypsin, carboxypo=-
lypeptidase. Both trypsin and chymotrypsin are secreted iIn an inactive
form called trypsinogen and chymotrypsinogen , which by the action
of the activator enterokinase secreted by the duodenum, become con-
verted to trypsin and chymotrypsin. These act on the peptones chang-
ing them to polypeptides either carboxypolypeptides or amino-polype-
ptides. Carboxypolypeptidase acts on carboxypolypeptides couverting
them into dipeptides.

(i) Amylelytic fermeats

The amylolytc ferment is called pancreatic amylase or amylopsin,
It acts on starch in an alkaline medium and changes it into maltose.

(iii) Lipolytic ferments
The lipolytic ferment s steaspsin or pancreatic lipase. It acts on fats
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converting them into glycerine and fatty acids. The action of this en-
zyme is accelerated by the role played by the bile.

{4) The bile

This is a yellowish alkaline fluid {sometimes greenish} containing about
98%], water and the rest being mucin, bile salts which are sodium salts
of glycocholic and taurocholic acid (sedium glycocholate and sodium

taurocholate}, bile pignieats, cholesterol, lecithin, fats and other
substances.

Bile pigments (bilirubin and biliverdin} are formed in the liver from
the disintegrated haemoglobin of the dead red blood corpuscles. They
are acted upon by the digestive ferments and bacteria and are conveited
into stercobilin which gives 1zeces its rormal colour. Bile does not contain
any digestive enzymes but it helps steapsin in its action on fats, by
lowering the surface tension (by the bile salts) and thus emulsifies fata

{¢) Intestinal Juice

This juice is called also succus entericus and is secreted by the tubular
glands (crypts of Liberkiihn). It is an alkaline fluid containiag from 1 to
2 per cent sollds which are ejther inorganic containing mainly NaCl and

Na2,CO, or organic formec of proteolytic and amylolytic ferments as
follows :

1. Proteolytic ferments

These ferments are erepsin and enterokinase. Erepsin is a mixture
containing amino -~ polypeptidase which acts on aminopolypeptides.
in an alkaline medium giving dipeptides, and dipeptidase which con-
verts the dipeptides into amino-acids.

Enterckinase is an activator which changes trypsinogen into active
trypsin and chymotrypsinogen into chymotrypsin.

(ii} Amylolytic ferments

The amylolytic ferments are Invertase, lactase and maltse.
Invertase (sucrase) acls on sucrose Or cane sugar coaverting it into
glucose and frauctose. Lactzse or milk sugar enzyme splits lactose into
glucose and galactose. Maltase hydrolyses maltose mto glucuse.

By the action of the verious ferments previously mentioned, the
different food materials are converted to their final state which becomes
ready for absorption and assimilation. Carbohydrates are converted into-
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monosaccharides (mainly glucose}; proteins into amino acids and fats
into fatty acids and glycerines.

ABSORPTION

Absorption takes place in the small intestine. The amino acids and
monosaccharides together with mineral salts and water are carried by the
blood stream to the liver. The fatty acids and glycerine, on the
other hand, pass into the lymphatic vessels or lacteals, found in the villi
of the small intestine and in this case they will reach blood via the
thoracic duct.

METABOLISM OR ASSIMILATION

These terms are applied to the sum total of varivus essential processes,
including agsimilative changes that lead to the building up of complex
substances f(anabolism) and disintegrative changes (catabolism).

1. METABTLISM OF PROTEINS

Amino acids are carried to the liver where they are reconverted again
into proteins by the action of enzymes. These proteins are used in the
building up of new protoplasm.

The excess of amino acids undergo in the liver a process of deamina-
tion which leads to the formation of urea that will be excreted by the
kidneys.

2. METABOLISM OF CARBOHYDRATES

In the liver, the excess of sugar (the amount which is not wanted
immdiately by the body) is convereted into glycogen by the help of a
hormone called insuBn secreted from the islets of langerhan’s jound
in the pancreas. Glyeogen is stored in the liver until it is needed. If it
happens that the normal sugar content of the blood (zbout 0.1%; in normal
fasting individuals} decreases, then some of the glvcogen in the liver is
converted into glucose by the help of a hormone called adrenalin secreted
fom the medulla of the adrenal gland, to restore the normal content of
blood glucose.

The sugar constantly taken from the blood by the tissues for their
metabolism is oxidised to CO, and water thus yielding energy required
for the performance of bodily movement, maintenance of body tempera-
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ture and other vital functions. Such oxidation is expressed as follows =
061‘11206 + €60, —=—>6 CO2 + 6 Hz O 4 Energy

Some of the sugars may b= also converted into fat in the body.

Persons suffering from diabetes have a high blood sugzr concentration,
a condition known as hyperglycaemia. This is followed by the escape
of glucose into urine, a case known as glycosuria. This disease is correla-
ted to the lack in the production of the hormione called insulin, Without
insuliu neither combustion nor storage ol sugar will take place in the body.

3. METABOLISM OF FATS

Glycerine and fatty acid, after being absoibed into the lacteals or lymph
vessels, are immerliately transiormed into minute fat globules. These fats.
for the most part, are stored in the subcutaneous tissues and other parts
of the body where they remaln until required. Sometimes, a part of the
fat is oxidised into CO, and water liberating cnergy as in the case of
carbohydrates.

Beside their chief function which is the production of energy, fats may
also take part in the building of protoplasm, particularly cell membranes.

FUNCTIONS OF THE LIVER

There are several functiors of the liver which are : -

I. Secretion of bile containing bile salts which help steapsin to splic
fats easily.

2. Formation of urea, where deamination of amine acids takes place.

3. Formation of glycogen from the monosaccharides absorbed by the
action of enzymes.

4. Desaturation of fats, because stored fat when required by the tissues
cannot be used directly, but must be unsaturated by removal of hydrogen
and prepared for its final break down into CO, and water.

5. Maintanence of body temperature brought about by the size of the
liver and the numerous metasolic activities in it which cause the bleod
passing to be raked in tempsrature.

6. The liver acts as a stoce for vitamins, especially vitamins A and
D.

7. Formation of fibrinogen and prothrombin which are important
for blood clotting.
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CIRCULATION IN MAN

The transport of blood material and oxygen to all parts of the body as
well as the removal of carbon dioxide and other waste products from the
cells and their delivery 1o the proper excretory organs to be eleminated,
are carried out by the circulatory systcm which consists of two closely
associated systems namely the blood and Iympbatic systens.

BLOGCD SYSTEM

This system is essentially composed of the heart, arteries, veins and
capillaries. The bearxt is the central putnp of propulsion of blood. The
arteries are the vessels which come out of the heart and carry the blood
from it to the other parts of the body. The veins are the vessels coming
back to the heart, carrying the blood 10 it. The capillaries are a network
of minute tubes that connect the terminations of the small arteries or
arterioles to the commeancements of the small veins or venules.

THE HEART

The human heart (Fig 32a) is a hollow muscular organ of 2 somcwhat
conical shap lying between the lungs and is enciosed] in the pericardiam,

It is composed of four chambers, two auricles (richt and left} and
two ventricles (right and left}. Such division is indicated from outside
by grooves. The auricles are separated from each other by inter-auricular
groove and from the ventricles by auriculo-venmtricular groove. Also
the two ventricles are separated from cach other by an inter-ventvicalar
groove. Internally, the two auricles are separated from each other by an

inter-auriculzr septum while the ventricles are separated bv an inter-
ventricular one.

In the right auricle two vena cavae open, one superior in the upper
part and one inferior in the lower one. In the left auricle, four pulmon-
ary veins open, two on either side. The opening between the right auricle
and the right ventricle (auriculo-ventricular) is guarded by a tricuspid
valve, while the opening between the left auricle and left ventricle
is guarded by a hicuspid valve called mitral valve. Both valves are con-
nected to muscular ridges in the wall of the ventricle called colamnae
curneae by means of cords called chordae tendineae. From the front
end of the right venrricle, comes out the palmonary artery which goes
to the lungs, while from the left ventricle arises the aortic arch which
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Fig. 32 (a) — Human heart shown in lengitudinal section.

passes to the different parts of the body. The opening of each of these twa
vessels is guarded by three semilunar valves.

The pulmonary artery divides 0 supply the two lungs, and the aortig
arch gives rise to arteries which pass to the various parts of the body.

HEART BEATS

The contractions of the muscular wall of the heart is known as the
heart beats. The state of contraction is called systole and the state of
relaxation is called diastole. In man the two venticles relax during the
contraction of the auricles. This process is repeated regularly about 70
times per minute and this succesive movement at regular intervals is
called the rhythm of the heart. Some authors stated that the rythmic
power is located in the heart muscle fibres themselves and this statement
is referred to as the myogenic theory. Other authors suggested that the
rythmic activity represents simple responses to stimuli arising in some
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parts of the nervous system and transmitted to the heart muscle through
the nerve fibres. This statement is referred to as the neurogenic theory.

The aeurcgenic theory is based on the fact that there are nerve ganglia
scattered in the body wall of the heart. However the myogenic theory
is supported by the following facts : -

1. The ganglia may be removed frum the {rog’s beart without altering
the automatic coniractions of the heart.

2. The ganglia may be paralysed by nicotine without disturbing the
heart bearts.

3. A small portion of cardiac muscles entirely free from ganglia may
be seen to contract rythmically.

4. The heart ‘n the developing chicken begins w contract on the
second day of incubation before the appearance of nerve cells which take
place after the fifth day.

5. Isolated cardiac muscles in tissue culture outside the body show
rythmic contraction.

FACTORS AFFECTINGC HEART BEATS

In general there are three main factors affecting the heart beats. These
factors are the following :

}. Nerves

Both the vagus and the sympathetic nerves have a great influence.
The vagus is inhibitiug while the sympathetic is accelerating.

2. Chemical substances

Certain chemical substances have effects similar to those of nerves, e.g.
adrenaline accelerates the heart beats as the sympathetic, while musca~
rine causes slowing of the heart beats as the vagus nerve.

3. Temperatore

Temperature has also its effect on heart beats. Warming of the heart
yuickens the rythm and cold slows it

HEART SOUNDS

Listening to the heart by a stethoscope, two sounds can be heard
Lubb and Dap. The first sound (Luabb) is caused maiuly by the contrac-
tion of the ventricular muscles which will force the anterior region of the
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heart against the chest wall and also by the closure of the auriculo-ven-
tricular valves.

The second sound iDup) is caused by the closure of the semilunar
valves, found at the beginning of the aortic arch and pulmonary artery.

BLOOD VESSELS

There are two mal) tvpes of blood vessels, arteries and veins (Figs.
32 b and c).

Fig. 32 (b} — Transverse sections of different blood vessels.

(a) Arteries

These are the vessels which come out of the heart whether they carry,
oxygenated or deoxygenated blood. Their wall is thick. Histologically
they are composed of the following coats as shown in fig. 32 c.

(i) Outer coat or tunica adventitia

This coat is formed of areolar connective tissue containing white
fibres as well as elastic fibres.

(ii) Middle coat or tunica media.

This coat containe unstriated muscles and elastic fbres.
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(iii) Inner coat or tunica intima

This is formed of three layers : the endothelial lining which makes
the lining of the artery smooth and thus the blood may flow with the smal-
lest friction; the sub-endothelial connective tissue and an elastic layer
separating the tunica intima from the media. This layer as generally
known as the femestrated membrane of Henle.

In general the elastic fibres are responsible for the flexibility of the
arteries and allow for greater expansion to face the high blood pressure
to which the large arteries are subjected. White fibres guard arteries
against rupture while unstriated muscles are respousible for contraction
of the wall of the artery to regulate the quantity of blood passing
t different parts of the body.

(b) Veins

These are the vessels carrying blood back to the heart whether oxygena-
ted or deoxygenmated. Their wall (Fig. 32 b) consists of the same three
layers as in the artery but the adventitia is much thicker in comparison
to other layers, if compard to that of the artery. Here, the layers are less
elastic than those of the arteries. Their lumen is also wider. In the limbs,
veins have valves arranged in such 2 manner to allow the blood to flow
toward the heart only and not in the opposite direction.

(€) Capillaries

These are minute blood vessels in which the arteries and veins begin
and which form a delicate network around the tissues of the body. They
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are very thin consisting of one layer which is the inne: endothelial layer
(Fig. 32 b). Such a case permits transudation or oozing of lvmph and the
interchange of gases.

THE PULSE

The sudden expansion of the arteries, during systole gives rise to an
impulse, felt over the artery, called the pulse.

This can be detected most easily over the radial arrery at the wrist
where this vessel is superficial. The rate of pulse is an indication to the
rate of heart beuts and the tension of the pulse, that is to say the pressure
necessary to stop the pulse is an indicator of the bLlood pressure.
The average pulse rate is 72 per minute, This may differ considerably in
different individuals and under different conditions. For insiance, it is
increased during muscular exercisss or anger and fear.

FUNCTIONS OF BLOOD

The main functions of blood can be summarized as [ollows -

1. It conveys the nutritive food substances to the different parts of the
body.

2. It carries away the waste products from the different tissues to the
excretory organs to be climinated.

3. It carries Q. from lungs 10 tissuc cells and CQ, from tissues to
lungs again.

2

4. It distributes hortmones to the different places to hring about co-
ordination of the various parts of the organism, thus serving as a control
of the various metablolic processes.

5. It equalises the body lemperature.

6. It protects the body from bacterial infection and from different
toxins.

7. When the blood vessels are injured it protects the body from loosing
blood through haemorrhage by forming the blood clot.

8. It kceps the tissues uncer balnaced physiological conditions by
furnishing them with the necessary salis.

CIRCULATION OF THE BLOOD

The circulatory system is closed in all vertebrutes that is it does not
open into tissue spaces or coelomic cavity. During the beating of,the heart,
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the auricles contract simultaneously and the ventricles contract immedi-
ately afterwards. During the contraction of the auricles, the deoxygenated
blood passes from the right auricle to the right ventricle, and the oxygena-
ted blood goes frem the left auricle to the left ventricle. On contraction
of the ventricles the deoxygenated blood in the right ventricle is pushed
towards the lungs via the pulmonary artery while the oxygenated blood
goes to the different parts of the body through the aortic arch and
its branches.

From the diffevent regions, the deoxygenated blood recollects and is
poured in the right auricle through the superior and inferior vena cavae..

The blood is kept circulating in one particular direction by means of
the valves present between the auricles and ventricles and also at
the beginning of the pulmonary and aortic arches.

BLOOD TRANSFUSION

When more than 409, of human blood is lost over a short period of
time, intravenous injection of blood or some artificial solution is necessary
for the maintenar.ce of life. This process is generally known as transfusion
which when the injected material is blood. If the injected material is
fluid the process is called infusion.

It must be noticed that not any one’s blood could be used in
transfusion. Great care must be taken for the choice of the donor (the
person who will give blood) and the recipient {the rcceiver) otherwise
death mav occur.

The donor must be healthy, free from infection and of a suitable
blood group otherwise agglutination or aggregation of blood corpuscles
into clumps may occur.

Agglutination is due 10 the interaction between substances called
antigens or agglutinogens found in the corpuscles and substances found in
the plasma or serum called agglutinins or antibodies. Two agglutinogens
called A and B may cxist in the human red cells and these can react with
two agglutinins called « and 8 found in the plasma or serum. The cells of
an individual mzy contain one or both agglutinugens or none at all and
similarly for agglutinins of the plasma or serum.

Individuals, thus fall into groups A, B, AB or O. The blood with A
cells contains the B-plasma thut with B. contains & plasma while that with
the O group contains @ and g-agglutinins in the plasma,
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Thus when the sera of one group are mixed with the corpuscles of the
other groups the results are as in the following table :

(+ = agglutination, — = no =agglutination).
Recipient
Serum group
Corpuscles| Serum O a i x B

group group Corpuscles group

E AB B A o

g

a A B — + — +
B a — — + +
AB O — + + -+
O af — — — —

From this table it clear that corpuscles of group O are not agglutinated
by the plasma of anv group and thus group O are called ‘‘universal
recipieuts’”.

BLOOD PRESSURE

This is the pressure under which the blood is flowing. The easy the
blood can be foreced in the arteries, when it receives the least resistance
from the periphery of artery, the Iswer will be the blood pressure.

Variation in the strength of the muscles in the wall of the arteries is
one of the main factors raising or lowering the blood pressure. If
the arterioles are constricted the pressure rises but if they are dilated
the pressure falls.

Since the flow in the arteries and arterioles is coatinuous, it follows
that at each heart beat the pressure in the whole of arterial system must
rise as more blood entered it during systole. During diastole the blood
pressure is less than that during systole but the difference in blood
pressure during systole from that during diastole is not so great since the
extra blood Howing into the arte-ioles is accomodated partly but not
entirely by the distension of the artecies. The actual values of blood pres-
sure in man are as follows : -

Svstolic pressure is about 120 mm. Hag.

Di:tsto]ic ’ ” 2 8u ”» 3]

The difference between the two pressures is called the pulse pressure.

Thus the arterial blood pressurc depends on :
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1. The output of the heart.
2. Elasticity of the arteries.
3. Peripheral resistance.

4. Viscosity of blood.

The blood pressure rises during exercise owing to increase of the
cardiac output and constriction of the arterioles.

As age advances, the walis of the blood vessels lose their clasticity.
This loss of elasticity causes a rise in the systolic pressure. The diseased
vessels are not capable of resisting the increased pressure and so they may
break when oceurring in the small arteries of the brain. This causes the
condition of ‘“cerebral haemorrhage’.

BLOOD CLOTTINC COAGULATION)

A great variety of theories have been proposed and all are in agreenient
with the following facts : —

l. Plasma contains all the substances necessary for clotting.
2. Blood does not clot in normal bloed vessels.

5. The essential factors in clotting are fibrinogen and thrombin and
the secondary factors which govern the formation of thromktin are pro-
thrombin and thromboplastin (thrombokinase) and calcium ions.

The most efficient theory which can be explained here for blood
clotting is perhaps that of Howell

Briefly, fibrinogen, which is a soluble form of protein ifound in the
plasma, is converted into fibrin through the action of an enzyme-like
substance called thrombin. Fibrin is precipitated as a netwoik, thus
enclosing the corpuscles and blocking the injured place. That blood does
not clot in the vessels is correlated 1o the fact that thrombin is found in an
inactive form called prothrombin, Heparin was found to be the cause
that stops the change since it is united to prothrombin. In case there is
a wound, thromhokinase or thromboplustin is liberated as a result
of the bleod platelets and combines with heparin thus liberating
prothrombin, Prothrombin changes to thrombin in the presence of
calcium: ioms that precipitate- fibrinogen as fibrin. This process cun
be summarised as follows :

Prothrorubin — heparin complex
thromboplastin
Prothrombin + heparin — thromboplastin complex
Ci
Thrombin + filrinogen — fibrin
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LYMPH SYSTEM

This system comprises independent group of vessels that carry the
colourless or slightly yellowish clear Huid called lymph. Lymph like
tissue-uld is derived fiom bleod by exudation or cozing or filtration
through the thin walls of the .apillaries, and resembles bloud closely with
the exception that it contains much less proteins and has no red blood
corpuscles. Lymph system differs from blood system in the point that its
vessels serve only to return fluid towards the heart. There are no arteries,
only capillaries and veins. The lymphtic capillaries resemble blood capil-
laries but they are closed at one end. In other words theyv start blindly
{Fig. 33). Lymph diffuses into capillaries (lymph capillaries) from the
surrounding tissue Auid and these capillaries connect to form lyn:ph veins
which empty into larger veins, the biggest of which drains into the left
shoulder veins ol the blood svstem. 3o one can say that Huuls 1each the
tissnue cells by one way or toute only of the arteries, arterioles and capil-
laries of blond circulatery swvstem,

But there are two possible rewurn ways, one via the blood capillaries
and veins and the sceond via the lymiph rapillaries and veins. At the point
v liere the lymph vessels join, onc gets what is known as lymph nudes.
These are azgregations of cells which manutacture lvmphocyies and act

as a fiter to filter out dust particles and bacteria which mav be of danger
to the bods

SECRETION

"Chis is a process by which various kinds of secretions, usually of use to
the body, ure produced by glands. 'Lhese glands are of two raain types:
exocrine or duct glands which secrete clirectly to outside or into a cavity
and endocrine or ductless glunds which have no ducts and ther secre-
tions pass directly into the hlood stream.

FXOCRINE GLANDS

These glands vary gicatly in character of their products. Fer instance,
they may be of aigesiive value such as the tubular glands of the stomach,
pancreas, liver, intestinal and salivary glands which secrete digestive Auids
or they may be of protective value such as as the mucous glands which
secrete mucus. Also they may be nutritive in function such as the mammary
glands which secrcte milk.
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Sometimes, they mav he poisonous and used for defensive or offensive
purposes such as the poisonous glands of the frog or the scorpion.

ENDOCRINE GANDS

These are ductless glands whuose secretion either passes directly into the
blood stream or into the cerebro-spinal fluids.

In higher vertebrates and man, endocrine glands include : —

1. Glands found in the alimentary canal, in parts of either the gastric
or intestinal mucosa. 2. Pancreas. 3. Thyroid. 4. Parathyroids. 5. Supra-
renal or adrenal (epinephrici. 6. Gouads including testes and ovaries.
7. Pituitarv. 8. Placenta and 9. Thymus.

The pineal was previgusly thought as an endecrine gland but there
is no clear evidence to support this view,

The secretions of the endocrine glands are generally referred to
as hormones. These hormones are chemical nicssengers carried by
the blood to the ditierent parts of the body where they cuuse stimulation

in some organs or ichibition in others ur mav modify the action of some
particular orgauns.

PROPERTILS OF HORMONES

I. They are not rendered inactive by boiling, In this respect, they
differ from enzymes.

2. They are dializable, i.e., they pass easily through membranes.

3. Many of these substances are instantanous (fur a short time) in their
action. In this respeet thev act in a way similar 10 many of the drugs.

4. None of these substances cause the formation of ant'bodies within
the bodv when intreduced from a foreign source.

GASTRIC AND INTESTINAL HORMONES

These hormones include : (@} gastrin, () enterocrinin, (¢} secretin,
(d} pancreozymin, (e) cholecystokinin and {f) enterogastrone.

{a) Gastrin

This hormone is secreted from pyloric mucosa, and its secretion is
stimulated by the presence of fvod, particularly meat and soup, in
the stomach. The target organ here is the mucosa of the fundus part of
the stomach which is stimnlated to secrete the gastric enzymes.
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{¢) Enterocrinin

This hormone is secreted by the stomach rmucosa to stimulate the
secretion of the intestinal juice from the duodenum.

(¢) Sceretin

"This hormone is secreted by the dundenal mucosa. It is found in the
cells of the dvodenal mucose in an inactive form called prosecretin. By
the presence of acid food in the duodenum, it is stimulated to be secreted
as active secretin, The target organ is the pancreas which is initiated w0
secrete its pancreatic juice.

(¢) Pancreozymin,

This hornione is secreted by the intestinal mucosi 1o stimulate the
secretion of the pancreatic juice.

(a) Cholecystolinin

This hormene is scersted by the duodenal mucosa. Its target organ is
the gall bladder. It initiates the contraction of the muscular wall of
the zall bladder and relaxation of the nuscles of the valve controlling the
bile duct, thus leading to the passage of the bhile ‘nito the intestine.

(/) Enterogastrone

This hormone is secreted by the ducdenal mucosa. Neutral fat is the
stimulus for secretion and the stomach is the target organ. This hormone
leads to the decreased runtility of the stomach and secretion of hvdrochloric
acid.

PANCREAS (Fig. 33

Histologically the pancreas consists of two kinds of tissues. The first
tissue consists of pancreatic acini and each acinus is made of pancreatic
cells, These elements form an exocrine type of glands responsible for
secreting the pancreatic juice that contains several digestive enzymes.
The second tissue is collect:vely knwon “islets or Langerkans”. It
forms an enducrine type of glands. In the islets of Langzrhans two types
of cells were differentiated, a-cells responsible for the secretion of a
hormone known as glacagon and f-cells for the secreticn of insalin.

Both insulin and glacagom take part in the regulation of carhohy-
drate metabolism along with certain hormones secreted »y the pituitary,
adrenal, medulla and adrenal cortex.
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Fig. 33 -—— Diagram to show the relation of blood and lymph capillaries to tissue
cells; 4) arteriole; B) lymph; €) venule; D) tissuc fluid; E) tssue cell; F) plasma;
) erythrocyte; H) blood capillary.

pancreatic

Fig- 33 — Portion of 'a section in a pancreas
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Clucagsn activates the enzyme phesphorylase which is involved in the
conversion of liver glyengen to blood glucose and thus raises the concentra-
tion of Llved glucose to intra.cellulur glucose —6— phosphate and the-
reby decreasing the blood glucose level, increasing the sterage of glycogen
in liver and muscle and increasing the metabolism of glucose to carbon
dioxide and water. Any disturbance in the islets of Langerhans leads
to diabetes meilitns which results in high concentration of glucose in
blood (hyperglycemia} and the excretion of large amounts of glucose in
the urize (glycosuria).

THYROID (Fig. 34)

This gland is composed of 2 lobes, one on either side of the upper part
of the trachea. These lobes are cobnected by a transverse band called the
isthmuas. The gland is usually larger in children and women than in men.
In pregnant women, it hecomes still larger. Histologically {Fig. 34), the

Fig. 34 — Scction of thyroid of cat.

gland is surrounded by a capsule of connective tissue from which passcs
inwards trabeculae dividing the substance of the gland into lobules.
These trabeculae are rich in blood vessels, Each lobule, in its trun, is made
of vesicles lined wilth cubical epithelium. Inside these vesicles, there is a
nucleo-proteinous colloidal substance combined with jodine. From this
aubstance an active hormone called thyroxin (C, ,H;,O,/NIL), is derived.

The thyroid gland performs two main functions, the first dealiag with
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the regulation of the metabolic rate and the second concerns promotion
of growth and development. These functions have been concluded from
the tollowing observations : —

In the first observation, it was found that in voung children hypothy-
roidism (hyposecretion of thyroxin), causes a disease known as eretinism
and the case itself is known 2s a eretin (Fig. 35). Svmptoms of this dise-
ase are stopping of mental and physical development of the hild.
In adults hypothyroidism leads to a disease known as myxoedema chara-
cterised by reduction of metabolic rat¢ which causes a storage of fats in
the body and duliness of mental capacity (Fig. 36). The suggestion that
the above-mentioned manifestations are due to deficiency of thyroid secre-

tion is supported by the fact that when thyroxin is orally administered,
the symptoms are relieved.

Fig. 35 — A cretin, Fig. 36 — Myxocdema.

Another type of hypothyroidisme results when the diet contains in-
suflicient iodine for the formation of thyroxin. In such case the gland
jtself tends to comupensate for the insufficiency by increasing in size. The
resulting enlargement keown as simple goiter may be small swelling or
a large mass. The symptoms accompanying this goiter resemble those of
myxcedema but are much milder. Symptoms of this disease can be relie-
ved by oral administration of iodine.

In the second obscrvation, hyperthyreidism (the hyperactivity of
the gland) causes acceleration of the metabolic rate whereby the body loses
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weight through the reduction of its fat and in addition symptoms
of nervous exitability and exhaustion are manifested. Hyperthyroidism
brings about the exophthalmic goiter (Fig. 37) in which, the increased
activity of the gland is assoclated with the pratrusion of eye balls, accelera-
tion of pulse rate, excessive sweating and loss of weight. The validity of
the above mentioned symptoms is supported by the fact that when the
gland is partially removed the disease is relieved.

Fig. 37 — Exophthalmic goitre.

PARATHYROIDS (Fig. 38).

These glands are situated near the upper portion of the thyroid. They
are four in number, two on each side. Each zland (Fig. 38), consists of a
oonnective tissue capsule surrounding some epithelial cells of two types :
principal and oxyphil cells. It secretes a hormone called parathermone
or parathyrin.

The main function of the parathyruids is to regulate the calcium and
phosphorus contents by activity of iis hormone. The normal calcium
content in blond is about 109, mgs. when the parathyroid is overactive,
the caliium in blood rises to abuut 13%, mgs. or more. This condition is
called hypercalcaemia and this excess of calcium is brought about from
the bones which acordingly soften and ultimately lead to a rickety con-
dition. In hypercalcaemia, tl-ere is laso an increased viscosity of blood
together with vomiting and finally coma sets and terminates in death.

On the other hand removal of parathyroid or decrease of its activity
causes a condition of hypocalcaemia which leads to a disease known as
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Fig. 38 — Section of parathyroid; ep., secreting epithelial cell; CAP., sinusoids;
END, endothelium of sinusoids; PIG. endothelial cells containing pigments.

tetany characterised by tonic spasms of the limbs (successive steady con-
traction of rnuscles).

Hypocalcaemia is also associated in growiups, by defective mainten-
ance of bone and teeth while hypercalcaemia and the conditions associated
with it can be treated by giving caleium along with an extract of
parathyroid.

SUPPRA-RENAL GLANDS (Fig. 39).

In mammals, including man, these small paired glands are located
at the anterior end of cach kideny. Each gland (Fig. 39), is enclosed by
a connective tissue capsule and consists of two parts; an outer pale, vello-
wish-pink cortex and a dark reddich-brown inner medulla. The cortex
is comnposed of three layers or zones, namely, (a) outer zona glomerulosa,
(b)) middle zona fasciculata and (¢) inner zona reticularis. The
medulla is composed of cells arranged in irregular cords and masses around
the bluod vessels. There is a third zone of large mass of cells, interposed
betiveen the cortex and the medulla called the foetal zone. This is only
found in the embhryo and rauses the enlargemenlt of the gland and after
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Fig. 39 — Section of cortex of suprarenal
glomerulosa of dog;
A) capsule;
B) zona fasciculata
C) zona fasciculata; .
D) zona reticularis,

birth it regresses and disappears. From the adrenal cortex some thirty
different hormones have beer extracted and most of them have been
grouped into three categaries : —

1. Glucocorticoids which stimulate the conversion of proteins to
carbchydrates.  The most potent is cortisol (compound (F)
{17-hydroxy-corticosterone)., Besides, there is corticone (compound E)

(11-dehydrno-17-hydroxycorticosterone) which releives rains and is used
for the treatment of rheumatism.

I

It

2. Mineralucordcoids which regulate sodium and potassium meta-
bolism. The most potent is aldostervne. Also deosy-corticosterone
which is an effective regulator of salt and water metabolism and is the
most effective in the treatment of Addison’s disease which is characteriserd
by muscular weakness, vcm‘iting and bronzy pigmentation,

3. Androgernic steroids which have male se« hormone acriviny The
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conuplete removal of th2 adrenal cortex or its hypofunction in Addison’s
discase results in disturbance of sodium, chloride and water. jEnlargement
of the cortex and hypersecretion of the hormones is kiown as cushing’s
syndrome. Females with this disease may develop a pattern of body hair
I'ke males.

The medulla, on the other hand, produces another hormone calle:t
adrenaline or epinephrine whose effects are : —

L. Tt raiscs blood pressure as it constricts the blood arterioles and
increases the heart rate.

2. 1t accelerates the conversion of liver glycogen into sugar and so
raises the sugar conten: of bloed and urine. In this respect, it is antagon-
istic to insulin.

3. It dilates the broachi of the lung aad so it is used in the treatment
of broncheal diseases.

4. It causes the hairs to stand on one end in cases uf emotion and fear.

GONADS

{a) Testis (Male gonad)

The male gonad is composed of three distinct elements each of which
is specialized to perform 2 particular function as follows :

I, The seminiferous or spermatic tubules which produce sperma-
tozoa and are controlled by the follicle-stimulating hormone of the
pituitary.

2. The Sertoli cells which exert a nurturing effect toward the
spermatozod.

3. The interstitial cells of “Leydig” which secrete the androgems
or male sex hormones, the most famous of which is testosterone.

The male sex hormones or androgens are responsible for the
following : - 1. They stimulate the development and maintenance of the
secondary male sexual characters comprising growth of the beard, mous-
tache and body hair and deepening of the voice and enlargement of the
external genitals. 2. They help in protein building. 3. They 'stimulate
growth at the epiphyses.

A castrated man {Eunuch) has a high pitched voice, beardless face
and small genitals. The injection of testosterone into z castrated aniral
restores all of the sex characters to norma  The failure of the tests
to descend normally from the body ecavity to the scrotal sac, called
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cryptorchidism produces sterility but has little or no effect on produc-
tion of testosterons,

(b)) Ovary (Female gonad — Vtig. 40;.

The cvaries are endocrine organs as well as the source of eggs. Theyv
produce female s:x homiones or oestrogems including :

(1} Follicular hormones ¢f which oestrin and estradiel are the mnst
importani. These hormones are secreted by the Graafian follicle.
They crntrol he merestrual cycle. They also stimulate the changes
which oceur at sexual maturity as the growth ol the uterus and
vagina, the development of the breasts, the voice quality. growth of
pubic hair and broadening of the pelvis.

(i) Corpus lutewm hormone known as progesterone or progestin.
This hormone togecther with estradiol is required for the growth of the
uterine lining. for the maintenance of the developing embryo in the
uterus and alio for development of the breasts during pregnancy.

Fig. 40 — T.5. in ovary of cat. 1. wrica .'buginea; 1. hilumi. 2, stroma;

3. peripheral stroma; 4 blood vessel: 3. young Gra.fon follicles:

b. 7. 8. more acvanced follides; 9, follicle from which ovum has Gallen out
n preparing the section:  10L rorpus luteurr.

PLACENTA HOERMONE (CHORIONIC HORMONE)

This hormone is known as chorionic gomadotrophin and it is
secreted by the placenta duving pregnancy. It was noticed to inhibit the
secretion of prolsctin hormone, which is one of the hormones of the
anterior lobe of the pituitary, during pregnancy.  After deliverv this in-

bibition is stopped.
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PITUITARY GLAND (Fig. 41

This is an ovoid unpaired endocrine gland -which is also called
“hypophysis cerebi” as well as “master gland” ‘Fig. 41}. It lies on
the ventral surface of the brain, just below the hypothalamus to which
it is attached by 2 narrow stalk. Anatomically, it is differentiated into 2

components :

i, Adenchypophysis comprising three subdivisions, namely pars
tukeralis, pars distaiis and pars intemedia, and these three
represent collectively the lobus glandularis.

Fig. 41 — Sagiual section through the base of brain and pituitary of cat.
(B) pars tuberalis. (DY pars distalis, (K) capsule; (S), stalk; (ZI) pars intermedia,
(N) pars nervosa.

(6) Neurohypophysis comprising two main subdivisions namely lobus
nervosus which is also known as pars nervosa, and infundibulum
or neural stalk.

Histologically the pars distalis is formed of groups and columns of
epithelial cells. About half of these cells are chromophils. The others
are chromophobes. Among chromophil cells, a-cells and g-cells are dis-
tinguished. The acells take the acid stain while S-cells take the basic one
and the S-cells are also comparatively larger than a-cells. Most of the
chromophobe cells have relatively small amounts of cytoplasm. Some
authors believe that these cells are chromophils which have lost their
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granules and do not like any stain.

The pars tuberalis resembles in structure the pars distalis but contains
more chromophobe cells. The pars nervosa is composed mainly of nerve
cells and nerve fibres. The pars intemedia is quite small in man and
consists of a few rows of basophil granular cells which are usually slightly
smaller than those of pars distalis. In addition non-granular cells are
arranged in follicles whose lumen is filled with a material which is
much like the colloidal subsiance of the thyroid gland but lacking iodine.

Fanctions of the pituirary gland

The pituitary gland secretes a great variety of hormones which have
the property of exerting a stimulating action on soms other endocrines.

Hormones of Pars Distalis (anterior lobe)

1. Growth hormone ({phyone),

Sex hormone (gonadotropic hormone),
. Lactogenic hormone {prolactin),

. Thyrotropic hormone,

Adrenotropic hormane,

Pancreatotropic hormone.

=L T

1. Crowth hormone

Hyperactivity of the growth hormone in child-
ren causes gigantism brought about by the great
increase in length of the long bones. An individual
may reach from 7—9 feet in length. Such deve-
lopment is accompanied by weakness and retarded
development of sexual and mental activity. Hype-
ractivity in adults causes thickening of the jaws,
hands, feet, fingers and tses. The result of this
uncontrolled growth leads to a horrible deformity.  Fig. 42— Acromegaly
This state is known as acromegaly (Fig. 42).

On the other hand hypoactivity of this hormone results in dwarfism

where bones do not grow to be normal size but remain small as the bones
of a child.

2. Sex hormone

It was found that sabcutaneous transplanation of fresh anterior
pituitary glands into young animals leads to early sexual development.
As a result the gonads not only mature early but produce scxual hormones
affecting development of secondary sexual characters.
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The existence of this hormone has been proved by the atrophy of testis
or ovary when pituitary is removed. In the female, it stimulates the ripen-
ing of the Craafian fellicle and the development of the corpora leutea.
In the male it promotes growth of the interstitial cells and thereby pro-
duction of male sex hormones.

In women this gonadotropic hormone is found in urine a few
days after fertilization and so its presence or absence indicates pregnancy.

3. Lactogenic hormone
This hormone stimulates lactation of mammary glands. When the

flow of milk is unsatisfactory, extracts of pars distaiis are usually given.

4. Thyrotropic hormone
The hormone controls growth and activity of thyroid gland.

5. Adrenotropic hormone.

This hormone stimulates the medulla of suprarenal gland to secrete
its hormone and so raises the adrenal concentration of blood, the blood
pressure becomes high and hyperglycaemia occurs. Also the adrenocor-
ticotropic stimulates the cortex to secrete its hormones.

6. Pancreatotropic hormone

It is antagonistic in effect to the adrenotropic hormone. It aceelerates
growth of islets of langerhans and so more insulin is put into circulation
whereby the blood sugar falls.

Hormones of pars nervosa

The pars nervosa lobe contains a hormone called pituitrin. The
principal effects which follow injection of this hormone into a normal
man or animal are capillary constrictions and a deciease in the excretion
of water by the kidney. Also the injection of this hormone into blood
stream of a pregnant woman is followed by a contraction of the uterus
which just expels the foetus (embryo) and later the placenta. From
pituitrin have been isolated two active substances vasopressin or pressor
hormone and oxytocin or oxytocic hormone. The vasopressin causes
a general increase in blood pressure when injected intravenouly. This is
due to a direct action of hormone that results in constricting muscles of
arteries. Oxytocin produces contraction of smooth muscles of uterus,
bladder, intestine and mammary glands.

Hormones of the intermediate lohe

This lobe secretes the hormone intermedin which controls the colour
change in lower vertebrates as fishes, amphibians and reptiles.
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RESPIRATION

The term respiration is used to refer to those processes by which animal
cells utilize oxygen, produce carbon dioxide and convert znergy into biolo-
gically useful forms. In other words, it comprises the exchange of gases
between the cell and its environment.

Respiration may be ecither direct as in case of Arpoeba or Hydra
for example, where the cells of the organisms exchange oxygen and carbon
dioxide directly with the suzrounding environment, or may be indirect as
in higher complex forms where it becomes impossible of cach cell of the
body to exchange gases directly with the external environment. Accord-
ingly specialized structures of the body are formed and characterised by
thin walled semipermeable membranes, so that diffusion could easiy
oceur.

For indirect respiration, fishes, crabs and many other animals
develop gills, scorpions have lung books, and higher vertebrates (reptiles
birds and mammals) develop lungs.

In indirect respiration, both an external and internal phases can be
distinguished : external respiration comprises the exchange of gases by
diffusion between the blood stream and air by means of lungs for example.
The internal respiratiom comprises the exchange of gases between the
blood stream and the cells of the body.

STRUCTURE OF THE HUMAN RESPIRATORY SYSTEM

The respiratory system in air-breathing vertebrates and man includes
the lungs and the tubes by which air reaches them. It starts by the external
nares or notsrils which open into the nasal chamber, and this leads
to the pharynx through the internal nares, then to the larynx or the voice
box, which is demarked from the outside as Adam’s apple and which
contains the vocal cords. After this follows the trachea characterised by
the rings of cartilage. At the level of the first rib, the trachea branches
into two cartilaginous bronchi, one going to each lung. Inside the lung
each bronchus branches into bronchioles, which in turn branch repea-
tedly into smaller and smaller tubes leading to the air sacs (Fig. 43). In
the wall of these air sacs are minute cup-shaped cavities known as alveoli
just outside of which are thick networks of blood capillaries.
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Fig. 43 — Diagram of a small porden of the lung showing the air sacs at the
end of the alveolar ducts

MECHANISM OF BREATHING

One must not mix between respiration which is the exchange
of gases between body cells and the environment and breathing which is
simply the mechanical process of taking air into the lungs, inspiration,
and sending or letting it out again, i.¢. expiraticn. In man the breathing
cycle is repeated about 15 - 18 times per minute.

During inspiration, the rib muscles contract, drawing the front ends
of the ribs upward and outward and the floor of the chest cavity and the
diaphragm contracts decreasing. its convexity and consequently enlarging
the cavity. This increase in veolume results in a lowering of the pressure
in the Jungs and accordingly air from outsides rushes into the lungs when
the pressure inside faHls below atmospharic pressure. In expiration, the
rib muscles relax, the ribs return to the original position and the
diaphragm also relaxes to its original convex shape. This decreases the
chest volume and allows the distended elastic lungs to contract and expel
the air whi.h was inhaled.

TRANSPORT OF OXYGEN BY BLOOD

At rest the cells of man’s body need about 50 millilitres of oxygen per
minute. After oxygen enters the capillaries in the lungs, it diffuses into the
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red blood corpuscles and unites with the respiratory pigment called
haemoglobin o form oxyhaemoglobin.

Hb 4+ O, = HbO,
purple scarlet bright

The arrows indicate that _he reaction is of the reversible tvne. In
other words, it can go in cirther driection. Fo the lunys the reaction goes
to the right to furm oxyhaemoglobin and in the tissues, to the left releasing
oxygen. The combination of oxygen with huemoglobin and the break .
down of oxyhaemoglobin are controlled by two factors, primariiy the
amount of oxyzen preseat and to a lower extenr the amount of
carbon dioxide. In the lungs the roncentration of oxyyen is relatizely
high and thus oxyhaemoglobin is formed. In the tissues. the oxygen is litdle
and accordingly oxyhaemozlobin breaks down releasing oxvoen to diffuse
to the tissue cells. As regzrds the carbon dioxide factor, it is koown that
carbon diox.de reacts with water forming carbonic acid zad so an inecrcase
in CO, increases the acidity of the blood and accordingly decreases the
oxygen carryin¥ capacity of haemdelobin. 3o in the capillarics of
the tissues the (O, concenzratin 'is high and 0O, i released from haemo-
globin by tie combined effect of lmw cxvieen tension and higl cacbon

dioxicde tension.

TRANSPORT OF CARBON DIOXIDE BY BLOOD

Some carbon dioxide is carried in 2 louse chemical union with haemo-
globin us carbaminchaemoglobin and a smzll amount is present as
carbonic actd, H, CO,, but must of the latter is convertad into dicarbon-
ates of soditm or potassium. Carbon dioxide passes from tissucs to blood
and [rom blyod to lungs by diffusion from a region of high tension iv one

of lower tersion.

The process of converting carbon dioxide into carbonic acid in the
capillaries of tissues and of converting carbouic acid into carbon dinxide
in lung capillaries is catalyzell fspeeded upt by an enzvme called carbonic
anhydrase.

ASPFHYXIA

Asphyxis results whenever there is an interruption in the delivery of
oxygen to tissues or failure in the utilization of oxygen by tissues. So the
cause may lie in (a) the lungs, e.g. in deowning when the lunys hecone
filled with water, or in preumnaia when the lungs become filled with body
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Huids. Also in (b} blood, e.g. in carbon monoxide (CO) poisoning, when.
haemoglobin unites with CO instead of O,. Also in () tissues, e.g. in
case of cvanide noisoning where asphyxia is caused bv the inactivation
of respiratory enzymnes (cytochrome oxidase).

EXCRETION

It is a process of eliminating all kinds of waste preducts which
are uscless or harmful to the body. The main excretory organs are lungs,
liver, large intestine, skin and kidney.

LUNGS

These are cousidered as excretory organs in addition to their respira-
tory function. [he body gets rid of CG, and water by them. Also the
disagreable sinell from the mouth of some people is due to the faut that
gaseous products of intestinal fermentation 4re absorbed in the blood and
circulate with the blocd stream to the Iungs where they are ¢Jiminated,

LIVER

This orgau is considered as an excretory organ becuuse it secretes bile
which i3 poisonous and composed of by-products of some food material.
It is kinown that hile salts as sodium taurocholate and sodiam glyco-
cholate are disintegration products of proteins. Also the bile pigments
bilirubin and biliverdin are disintegration products of haemoglobin
found in red blood corpuseles. These waste products or bile pigments will
pass into the intestine and are converted by bacteria into  stercobilin
which is excreted for the most part with faeces! Morcover the liver splits
up and denitrifies excess of amino acids and onverts them into ammonia
~hich is set free into urine. This iz passed from liver to bicod from which
it is removed by kidney. Cholesterols are also excreted.

LARGE INTESTINE

In the large intestin. the remains of food are accumulated and fer-
meoted. Fermeutztion takes place because of the growth of ana-ro-
bi: bacteria. As a resuit of this fermentation, toxic substances and toxic
gases are formed and the rectum (large intestine) gets rid of these toxic
substances by driving them with the faeces. If the rectum is inactive con-

stipation takes place and toxins formed circulate with blood and may lead
to iliness of animal.
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SKIN

It 13 well known *hat skin is one of th~ respiiatory organs in frogs. This
means that it is also an excrewory organ since it can get rid of CO,. Further-
mort, in most higher verteb-ates incloding man evcretion by tie skin is
confined to the swear glands. Thes glanls take from the blood a large
amount of water together with traces of prowins, fatty acids and salts,
mainly NaCl, which all pass to the sarface of the sk'n.

XIDNEY

In man, there are two kidneys, located in the posterior part of
the abdominal cavity one cn either side of the vertebral column. Each
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kidney is in the shape of a bean with an outer, more or less, convex surface
and an inner concave one (Fig. 44). From the inner concave surface the
urcter emerges leading to the urinary bladder. Also the kidney receives
from this edge renal arteries as well as renal veins.

The ureter, at its point of emergence, is dilated and forms the pelvis.
This pelvis gives rise to two or more branches called the major calyces.



These again are provided with a
varying number of smaller branches
called minor calyces. The glandu-
lar substance consists of an outer
cortex and inner medalla.

The medulla and cortex, so dis-
similar in appearance, are very
similar in structure being rmade
up of separate units or nephrons,
which are intricate tubules embed-
ded in scanty connective tissue and
richly supplied with blood vessels.
In the medulla, Malpighian pyra-
mids are found. They are roughly
conical bodies placed with their
apeces or papillae opening in the
minor calyees.

In the coriex the nephron (Fig.

43) starts by the Melpighian bodies
which are composed of a double

thin walled sacs called Bowman’s °

capsules, enclosing bunches of
capillary blood vessels or glomeruli.
From the Bowman's capsule the
uriniferous tubules commence. The
first part is 2 constricted portion or
the neck, which leads to a wide con-
voluted tube, the proximal convol-
ated tube. This will become spiral
and enters the medullary structure
as a narrow straight tube or the
descending limb of Henle’s loop.
This wilt curve forming the loop of
Henle and becomes dilated and as-
cends forming the ascending limb
of Henle. Its course is spiral and
again it enters the cortex and be-
comes iregular and angular in
outline and called zigzag tubule.
This then becomes convoluted form.-
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Fig. 45- — Plan of the arrangement of the
urinferous tubules; M. Malpighian corpu-
scles; v, point of entrance of vessels of
glomerulus; n, neck; d.c., distal convelutad
tubule;  (s) spiral tubule; (d) narrow des-
cending limb of loop of Henle : (£) loop of
Henle; ) wider ascending lirab of Henle;
p-c., proxumal convoluted whule; /) junc-
tion tubule; (¢) collecting tubule;
B} duct of Bellini.
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ing the distal convoluted tubule which afterwards diminishes in size
and forms the junctional tubule. This finally joins a straight tube, the
collecting tubule. These join others and form the dact of Bellini
that opens at last at the apex of the pyramid (the pa»illa}.

REGULATORY FUNCTIONS AND URINE FORMATION

The kideey plays a very important role in regulating the compesition
of the blood and other bedy fluids. Any excess or acid or base released
during metabolic activities, is excreted by the kidney and accordingly a
proper pH of the bloed is maintained. The kidney regulates the osmotic
pressure of the body fuids bathing the cells by regulating the concentra-
tion of salts in the blood. Also the kidney regulates the total volume
of blood. In case the total amourt of blood is decreased, e.g. after haemor-
rhage, the blood pressure is also lessened and accordingly the fltration
pressure is decreased and a2 smaller volume of urine is produced and thus
body fluids are conserved. On the contrary when the blood volume
is increased due to uptake of a great deal of liquid, the slood pressure and
accordingly the filtration pressure are both raised, a large volume of urine
is formed and thus the blood volume is brought back to normal.

As regards the urine formation, opinions differed but the most accep-
table view considers the urine formation as a combination of three processes
of flitration, reabsorption and aogmentadon. Filtration occurs at
the junction between the glomerular capillaries and the wall of the
Bowman’s capsule, where tlood is filtered so that water, salts, sugar, urea
and all the substances in the blood, except the blood cells and the large
molecules as the plasma proteins; pass into the cavity of the Bowman’s
capsule to become the glomerular filtrate. The mechanism is purely
physical and depends upon the fact that the small artery entering the glom-
erulus is larger than the vessels leaving it. Avcordingly the blood pressure
in the glomerular capillaries is relatively high and thus help in filtration.
As the filtrate passes through the long coiled tubules to the collecting
tubules, the cells lining these tubules reabsorb much of the water and also
all the glucose, amino acids and cther substances needed and secrete them
back into the blood. Not only this but also these cells excrete waste
materials from the blood stream into the filtrate, a process called
augmentation.

On reaching the end of the distal convoluted tubule, after reabsorption
of some substances and addition of others, the glomerular filtrate becomes

urme.
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Urine

Urine i3 an acidic liquid excreted by kidneys, Under normal
conditions, it is composed of akout 969, water, and 4.0%, organic and
inorganic components. The ocrganic part comprises, urea, uric acid,
ureates, creatine, creatinine and urochrome. Urea repiesents half of the
solids that are about 60 grms. in 1200 to 1500 millilitre of urine excreted
daily and it comes from the deamination of proteins, Uric acid is a break
down product of nucleic acids, and creatinine comes from muscle meta-
bolism. Urochrome is a pigment that gives urine its yellow colour and
comes from break down of haemoglobin.

The inorganic salts are chiefty sodium chloride with small amounts of
other salts as, for example, calcium phosphate and sodium sulphate,
The amounts and kinds of salts excreted in the urine are controlled
by aldosterone which is the hormone secreted from the adrenal cortex.

CO-ORDINATION

Co-ordination or control and integration of the otganism or body’s
many aclivities is brought about by the two systems : (a) Nexrvous and
() Hormone or endocrime systems. Hormones, previously discussed
(see p. 123), are principally for internal co-ordination and integration of
functions between the various organs while the nervous co-ordination
comprises the regulation of respoases to stimuli that reach the body via the
sensory organs. Nervous co-ordination was noticed to be more rapid and
exact than that brought about by hormones.

NERVOUS CO-ORDINATION

Because of the fact that all living protoplasm is irritable or exitable,
every organism is sensitive to cthanges (stimuli) from its environments.
To these it responds or answers in ways that varies from the simple action
of Amoeba to the most complex bodily function or mental process in man.
Most animals have a nervous system to perceive stimuli, to transmit these
to various parts and to effect tesponses and co-ordinate the functions
of cells, tissues and other parts so that they act harmoniously as a unit. In
most protozean animals {with thz exception of some ciliates, e.g. Parame-
cium), there are no specialized structures for co-ordination except the
living protoplasm.
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In case of Paramecium one finds a definite system of fibrils that con-
nect the basal granules of cilia and these granules and fibrils comprise a
fibrillar neuromotor or neuromotor system that co-ordinates the ciliary
action.

In metazoan animals one finds a nervous system the simplest type of
which is the nerve net known in coelenterates and this 5 quite apart from
the centralised or synaptic type found in other higher forms. The nerve
net is composed of nerve cells called protoneurones with dendrites and
they are unlike typical neurones of higher forms in being joined to one
another via their protoplasmic processes or dendrites {only physiological
contact) also in the finding that conduction is of the diffused or non-
polarised type, where impulses are transmitted in any direction. In
animals higher than the coelenterates, the principal nervous system is of
the centralised type, being composed of reurones. Neurones (see histology
of the nervous tissue, p. 92) are of varied forms and the neuron usually has
a large cell body, conspicLous nucleus and protoplasmic processes. The
neuron may have one dendrite and one axon, thus considered as bipelar.
Moultipolar neurones possess inany dendrites and a single axon. The
dendrites are often short and commonly much branched forming a tree
like arborization or branching. The axon is often long ending with the
terminal arborizations. Neurones are joined to the dendrites of other
cells. This is only a physiclogical contact known as the synapse. In the
synapsc one can find a synpatic membrane that may be doubled in
certain cases. The neurones differ from the protoneurones in the fact that
the nerve impulses travel in one direction, in other words, the conduction
i3 of the polarised type. Impulses pass from the cell to the axon
to the terminal arborization to the branching of the following cell.

Neurones are of several tvpes as follows :

1. Semnsory or afferent neurones, which carry impu'ses from the sense
organs through the nerves to the brain or spinal cord.

2. Motor or efferent zeurones which carry impulses from the brain
or spinal cord through the nerves to the muscles and other effectors of the

body.

3. Connectory or intermedial (correlation, association or adjustor)
neurones, which lie entirely within the C.N.S. and are interposed between
the other two.
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REFLEXES

These are responses that may be either simplz, compound or of the

chain type.

The simple is a two neuron reflex and is very rare. It is called the
simple reflex acdon. The neuronal pathway along which the impulse
travels is called a reflex arc and involves : 1. a receptor to receive stimuli,
2. a sensory neuron or affersnt for the transmission of impulse from the
receptor to the grey matter of the spinal cord, 3. a motor neuron
or efferent, that carries the impulse to the effector, 4. an effector that
may be a muscle or a2 gland, (Fig. 46).

SYNAPSE BETWEEN SENSORY AND COMNECTUR EURON

CELL 80DY OF SENSORY NEURON
CENDRITE OF SENSORY NEDROM

WOMNMNECTOR NEJAON

CELL B0OY OF MOTOR NEURCN
SYNAPSE BETWEEN CONMNECTOR AND MOTOA NCURKRN

Fig. 46 -~ Diagram of a reflex arc showing the pathway of an impulse.

Examples of this simple two-neuron reflex are : -
{g}) The familiar knee jerk, when the human leg is bend and suspended
freely, the leg jerks forward.

() Winkling of the eye lids when an object is th-ust before the eyes.

{¢) The sudden secretion of tears by the tear glands when a bit of dust
lodges on the cornea.

The majority are compound reflexes wherein an impulse entering
on one sensory neuron influences several motor neurons through interme-
diate or adjustor neurones, o= impulse of several sensory neurones are
compounded to act on one motor neuron.

According to Pavlof, reflexes were divided into : -
(¢) Inborn or nnconditioned reflexes, and
{6) Acquired or conditioned reflexes.

The first type is invariable and fixed by inher:tance, e.g. defaecation,



146

lactation, scratching etc. The second or acquired type is brought about
by training and is specific to the trained aniaml only and this reflex is con-
ditioned to follow upon some environmental stimulus other than the
original inborn one that evoked it.

REPRODUCTION

It is an important characteristic of living organisms that involves the
production of new irdividual and by this means races or organisms are
preserved. The process of reproduction varies from one kind of animal to
another, but two basic types, the asexual and the sexmal can
be distinguishcd.

ASEXUAL REPRODUCTION

This process involves only a single paremt which splits, buds or
fragments to give rise to two ar more individuals. The splitting of the body
of a parent termed as fission may be simple binary fission in case the
body of the parent simply splits into two, more or less, equal daughter
parts. Many protozoan animals multiply by this process that may be some-
times of the longitudinal typs as in case of Trypanosoma. (Fig. 98).

Sometimes the splitting is of a multiple fission. cr sporulation.
This mothod accurs in sporczoan animals as Plasmodiaom, where the
nucleus of the parent bodv divides repeatedly and then the cytoplasm
subdivides so that a part of it surrounds each of the many daughter
nuclei. (Fig. 113).

Budding is anoth=r form of asexual reproduction in which a new indi-
vidual arises as an outgrowth or bud on the parent’s body, either taking
up an independent existence or becoming a more or l=ss independent
member of the colony. This process occurs in colelenterate animals as
Hydra. {Fig. 137).

A third form of asexual reproduction is fragmentation that occurs
in some flat worms as Turbellaria and comprises the break of an individual
into two or more parts — as many as several hundreds — each of which

develops into a new individual.

SEXUAL REPRODUCTION

By this process, most animals increase. It is a process ir. which two sex
cells (also known a3 germ cells or gametes), join to produce a new

individual.
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The male sex cell, in multicellular animals, is called a sperm or
a spermatozoon, while the female is known as ovam. The gametes of
varipus animals differ in form and size.

The ovum is spherical or oval and nonmotile. Spermatozoa are small,
motile and able to swim in fluid, usually thread-like although some are
amoeboid or of certain peculiar shape. Those of man are 52 to 62 u long.
The sex cells are produced in sex organs known as gonads, the male gorad
that produces the sperms is called testis while the female gonad that
produces the ova is called ovary.

Both ovaries and testes are considered as primary sex organs and they
form in association with each other accessory genital structures or repro-
ductive system which are either male or female.

When both male and female reproductive systems are in one individual,
as in so many lower animals (coelenterates, flat worms, etc.), the animal
is termed monoecons or hermaphrodite and sometimes bisexual.

In other invertebrates and practically all vertebrates, animals are
unisexual and each individual is either male or female; in other words,
sexes are separate and such animals are dioecioas.

FERTILIZATION

This is a process comprising the union of a mature spermatozoon and
an ovum to form a zygote or fertilised egg. The process involves
the physical entery of the sperm and also physiological processes in both
egg and sperm. A sperm cannot cause the fertilization of an immature
CEEB-

Fertilization is usually species-specific and only in exceptional cases
will a foreign sperm fertilizes an egg.

Some recent experimental work suggests that the outer portion of the

egg secretes a substance called, fertilizin, to which the sperm reacts in
effecting fertilization.

Types of fertilization

There are two main types of fertilization, i.c. external and internal.
They are performed in so many ways. In external fertilization, there is no
definite copulation and the meeting and union of gametes takes place out-
side in the open water wxere eggs and sperms are shed freely (in case of
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many invertebrates and most of the aquatic animals as marine fishes), or
during the simultaneous extrusion of eggs and sperms by the clasped pairs
as in the case of toads.

In internal fertilization, definite copulation takes place, where sperms
are transferred by accessory sex oruans of the male w the female so that
fertilization occurs within the latter as in the case of rematodes, some
mollusces, most of ar-hropads, some fishes, ail reptiles, birds and mammals.

Most animals perform, eross fertilization that comprises the combining
of gametes from two different individuals. As an exception to this general
rule, a few hermapareditic animals mayv be self-fertilizing.

REPRODUCTION IN MAN

This process is accomplished sexually, in common with that of most
animals, with exception to the production of monozygotic identical twins
from the splitting of a single fertilized egg which is cosidnered as a kind of
asexual reproduction,

Fertilization is of the internal cross type. In copulation the penis,
inserted in the vagina, ejaculates about 200,000,000 sperms. These sperms
travel up the vagina and into the uterus, most of them become lost on the
journey, but a few find their way to the openings of the ov_.ducts and swim
up them. Sperms can swim zgainst a current and the same current which
draws the ezg from the al:dominal cavity (after it is discharged from the
ovary} into the oviduct probably assists them in finding their way.
If ovulation has occurred shortly after or before copulation, the egg which
passes into the oviduct probably will be fertilized by one of the sperms.
Fertilization usually tzkes place in the upper third of the oviduct. Each
human exg is surrounded by a layer of cells, derived from the follicle, called
the corona radiata, which must be pierced before a sperm can unite with
the egg.

The cells of the corona radiata are held together by an organic

complex substance known as hyaluronic acid which is acted upen by
hyaluronidase. Since each sperm contains only a small amount of hyal-
uronidase, it requires the combined supply of several hundred thousand
sperms to break down the hyaluronic acid and separate some corona
radiata cells in order that >ne sperm may enter and fertilize the egg. As
soon as the egg has united with a sperm, it devclops a fertilization

membrane that prevents the entrance of others. The unused sperms
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and the unfertilized eggs die in the oviducts and uterus and are removed
by white corpuscles. It was recently found that the sperms cap remain alive
and retain their ability to fertilize for twenty-four to forty-ight hours at
most after having been deposited in the female tract, while the egg loses

its ability to be fertilized having about twenty-four hourts after ovu-
lation.

After fertilization, the zygote while passing down the oviducts to the
uterus, begins to divide and it takes from eight to ten days after fertiliza-
tion, until it is implanted in the uterine wall. (Fig. 46 a).

Jtsrine cavlty”

Foiticia

Fig 46 (¢) — The maturation of an egg in a follicle in the ovary.
!. 1o release (ovulation), 2. fertilization in the upper part of the oviduct, (3 : 7). clea-
vage of the egg as .t descends the oviduct, (8 : 10). stages in the development of the
embryo in the uterus before implantation, and (11). implantation of the embryo in
the wall of the uterus
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INTRODUCTION

Embryology is a branch of science which is concerned with the division,
growth and differectiation of a fertilized egg into a remarkable complex
and interdependent system of organs which is the adult animal.

There are, of course, an enormous variety of different types of embry-
onic development in the animal world corresponding to the great range
of*types of adult that are finally produced. However, one can get a good
idea of the general problems we have to deal with by considering two or
three cases.

HISTORY AND THEORIES OF DEVELOPMENT

The correct interpretation of developmental phenomena rests on the
cell theory put forword by Schleiden and Schwann {1838-1839). Most
of the observations recorded before that time were erroneous and even
grotesque. That was due to the lack of microtechnique and the inadequacy
of instruments and optic equipments.

At that time two distinct theories took form in the mind of man :
1. Theory of preformation.

2. Theory of epigenesis.

THEORY OF PREFORMATION

This theory stated that the ovum contains in its substance 2 more or
less perfect miniature of the adult animal and that development consists
of the growth of this miniature creature to the adult form. For instance, in
the case of human being, the miniature organism as called “homu-
nculus® and every ovum of the fernale was assumed to contain such a
“homunculus which by proper stimulation by the seminal fluid would deve-
lop into the aduit.

2. THEORY OF EPIGENESIS

This theory supposes that many features of the adult are not represen-

ted at all in the fertilized egg, but the latter contains only a number of
153
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elements, which react togzther to produce the much larger number of
adult features.

A discussion of the merits of these two opposing views was carried on
vigorously for many centuries. Nowadays, the issue ought to be finally
settled and understood, since we know that a fertilized egg contains some
preformed elements namely the genes and a certain number of different
regions of cytoplasm and we know that, during development, these interact
to produce final adult characters and features that are not individually
represented in the egg. In this case, both preformation and epigenesis may
be involved in embryonic development. (cf. Waddington, in his book of
principles of development and differentiation, 1966).

GAMETOGENESIS

The process of production of gametes is called gametogenesis. When
this process is concerned with the formation of sperms it is called sperma-
togenesis, but when it is for the production of ova, it is called oogenesis.
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In this process, the diploid number of chromosomes (2 N) becomes rcduccd
10 a haploid number (N) by two meiotic divisions, and so when fertiization
takes place, the diploid number is restored, (Fig. 47 a).

SPERMATOGENESIS

The sperms are formed in the testis from some cells known as
the primordial germ cells. These cells possess a dipleid numb.er of
chromosomes which can be denoted by the symbol 2N. They give rise to
the sperms after passing through three successive periods of development.
‘These periods are, the multiplication, growth and maturation periods
(Fig. 47 a). In the multiplication period, the primordial germ cells
divide repeatedly by mitotic divisions into numcrous cells known as
“spermatogonia”. These cells then enter upon the period of growth
by which the cells increase in size and give rise to the primary sperma-
tocytes with the same diploid number of chromosomes.

The growth period is then followed by the maturation one in which
the primary spermatocytes undergo two successive divisions referred to
as the maturation divisions. The first division is known as the first meiotic
division. At this division, each primary spermatocyte with the diploid
number of chromosomes (2 N) divides into two secondary spermato-
cytes, each containing half the original number (N), i.e. it becomes
haploid. Then, at the second maturation division, each secondary sperma-
tocyte divides by the second meiotic division into spermatids each of
whick contains a haploid number of chromosomes {N). Thus from each
primary spermatocyte, four spermatids are produced, each with a haploid
number of chromosomes.

Finally each spermatid gives rise 10 a spermatozoon or sperm, the
head of which is derived from the nucleus while the tail or fagellum deve-
lops from the cytoplasm.

OOGENESIS

Oagenesis is the process by which the ova are formed. The ova are
formed in the ovary from primordial germ cells which possess a dipolid
number of chromosomes {2 N). The primordial cells give rise to the ova
after passing through the multiplication, growth and maturation
perieds as in the case of spermatogenesis.

At the multiplication period, the primordial germ cells divide sepera-
tely by mitotic divisions into a large number of cells known as oogonia,
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cach of which possess a diploid number of chromosomes (2 N). In
the growth period. each oogonium increases in size and inodifies into a
primary ooccyte.

Then the primary cocytes undergo two successive maturation divisions
following the same plan of the spermatocytes. When the ficst maturation
division is completed, each primary ocosvie gives rise by first meiotic
division to a large czll known as the sezondary cocyte and a small one
on its surface known as the first polar bedy. Each of the secondary cocytes
and the first polar bedy possesses a haploid number of chromosomes
N.) In the second maturation division, each secondary oocyte divides
again by second meiotic division intc a large cell which is the mature
ovum and a small ce | known as the secend polar body. At this division,
the first polar body mav also divide into two daughter polar hodies.

‘Thus each primary nocyte gives ris= to a single mature ovum which
is the actual female gamete, and three polar bodies wiich will soon
degenerate.

TYPES OF EGGS.

The cyvtoplasin o the egg is provided with a certain amount of food
matzrial known as yelk. Accerding to the amount of volk the egys can bhe
divided into two main types : -

1. Isolecithal eggs : e.g. of Amphioxus. In these eggs, the amount
of volk is very small and is equally distributed throughout the cvtoplasm.

2. Telolecithal eggs : e.g. egzs cf Amphibia, reptiies and birds.
These eggs are heavliy charged with yolk which is concentrated near the
lower side of the egg. i.e. near the vegetative pole. The cytoplasm which
is found at the upper pole (or animal pole) contains the nucleus of the
egg.

The frog’s egy is about 30 per cent yolk, wicreas the hen's egg is more
than 95 per cent yolk, and its cytoplasm is restricted to a small disc at the
animal pole. The hens egg is generally defined as exagerated
telolecithal.

THE SPERMATOZOA

The spermatozoa of most species are organized according to a definite
patizrn. One may easily differentiate t'vo main parts, the head and the
flagellum (fig. 47 b). The latter is usuallr composd of several minor divisi-
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ons, namely the middle piece, the flagellum proper and the naked
end piece. In many spermatozoa, the anterior portion of the middle
piece is differentiated into a narrow part containing one of more
centrioles, This region is called the neck.

The head is highly variable in appearance in different species
and groups. The chief cellular elements in the head are the “nucleus” -
and “acrosome™. The acrosome is anterior and some authors refeired
to it as the “perforaterinm?, a term waich is indicative of its supposed
function, namely, the piercing of the ovum.

From one of the centrioles in the nzc¢«, arises a slender thread called
the “axial filament? which forms the central elastic rod of the remainder
of the flagellum. It may extend beyond the flagellum to form the end
piece. The main bulk of the middle pizce is composed of one or more
mitochondrial sheaths which may be granular, ribbon or spiral-shaped.

FERTILIZATION

When the spermatozoa reach the cva, only one spermatozoon pene-
trates one ovum. The rest of spermatozea which are very numerous perish.
Fertilization is the fusion of the nucleas of 2 spermatozocn with that of
an ovum with the result of the formatior. cf a zygote. As each one of these
two nuclei contains a haploid number cf chromosomes, the nucleus of the
zygote contains a diploid number characteristic of the species.

CLEAVAGE OR SEGMENTATION

When the zygote is formed, it passzs through a process of successive
mirtotic divisions. This process is referred to as cleavage or segmentation
and the resulting cells are called blastomeres.

Cleavage either affects the entire substances or only a part of the zygote.
In the first case, cleavages is known as “holoblastic” or “complete
cleavage”® as in Amphioxus, while ir the second case it is called
“meroblastic” or “incomplete cleavaze” as in reptiles and birds.
In the complete cleavage the ovum ccntains comparatively litle or no
yolk, being formed mainly of protoplasmic matter. In the incomplete
cleavage, eggs are usually very rich in yolk.
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EMBRYOLOGY OF AMPHIOXUS

CLEAVAGE (Fig. 48).

The development of Amphioxus starts with a process of cleavage or
segmentation which begins by the division of the fertilized egg by a vertical
septum extending from the animal pole to the vegetative one, and divides
it completely into two equal cells called blastomeres. These two blasto-

_meres divide again by another vertical septum which extends at right
angles to the first septum, and thus four equal blastomeres are formed.
The thrid division is horizontal and leads to the formation of eight blasto-
meres, the four lying near the animal pole are small and called micro-
meres, and the other four near the vegetative pole are larger and called
macromeres- After that, the division goes on regularly, and the eight
blastomeres give rise to sixteen then to thirty two, and these give sixty
four and so on. These resulting cells arrange themselves in a hollow
spherical mass known as the blastula. The wall of the blastula is formed

of a single layer of cells and known as the blastoderm, and its cavity is
called blastocoel

GASTRULATION

The blastula represents the last stage of cleavage. and after its formation
the developing embryo passes through another developmental process
known as gastrulation. In Amphioxus the first phase of gastrulation
is the flattening of the vegetative pole of the blastula. This is followed by
the appearance in th's flattened region of a small depression which gradu-
ally increases in size until the cells of the vegetative pole come in contact
with those of animal pole. As a result of this process the blastoceel disap-
pears, and the single-layered blastula is transformed into a double-layered
structure known as the gastrula. The outer layer of the gastrula consists
of micromeres and is called ectoderm, while the inner layer consists of
macromeres and is known as endoderm. At the inside of the gastrula
is found 2 cavity called archenteron or primitive gut cavity. It com-
municates with the exterior by an opening called mouth of the gastrula
or blastopore. It possesses a dorsal lip and a ventral lip. During
gastrulation, cell division also takes place, and as a result of this division
the hemispherical gastrula becomes gradually elongated, and the dorsal lip
of the blastopore approaches the ventral lip. Thus the wide blastopore
becomes transformed into a narrow opening. During gastrulation the cells
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of the ectoderm develop cilia by means of which the developing embryo
can move in the sea as a free-living larva.

DEVELOPMENT OF MAIN ORGANS

After the processes of cleavage and gastrulation the main organs of
the embryo begin to develop by the differentiation of the primary germ
layers which are the ectoderm and erdoderm. The central nervous system,
develops from a strip of ectrodermal cells extending along the dorsal flat-
tened surface of the gastrula (Fig. 49, A). This strip of cells which is known
as the neural plate sinks below the level of ectoderm. At the same time
the ectodermal cells on both sides of this plate become slightly elevated
forming the neural folds (Fig. 49, C). Then, these folds approach each
ocher until they fuse together in the mid-dorsal line,thus covering the neural
plate externally. The neural plate which is originally flat becomes gradu-
ally converted into a neural tube by the rolling up of its margins uatil
they fuse together in the mid dorsal line (Fig. 49, E). Then, the anterior
end of the neural tube becomes slightly enlarged and gives rise to the braia
vesicle, and the rest of the neural tube forms the spinal cord.
From these two structures, the peripheral nerves will grow out. The
anterior end of the neural tube remains for sometime in communication
with the exterior through a minute opening known as the neuropore.

The notochord develops from a band of endodermal cells f'o'rming the
roof of the archenteron and lying directly below the neural plate (Fig. 49
B). These endodermal cells are known as the notochordal plate. Then
this plate becomes cu-ved and is soon transformed into a solid mass of cells.
After sometime, the notochord becomes completely separated from
the endoderm, whose two margins fuse together in the middle line ventral
to the developed notochord (Fig. 43 E and F). This fusion leads to the
formation of a tube which is the gnt. It encloses part of the archenteron
known as the gut cavity or eunteron.

The third Jayer of the body which will later on form its great mass is
known as the mesoderm. It is represented in the gastrula by two longi-
tutdinal bands of cells which form the dorso-lateral walls of the archentet
on. (Figs. 49 B and C). These dands are known as the mesdermal
bands. After some time, they become folded and form the mesodermal
folds which soon become sharply differentiated from both the notochord
and endoderm. They surround parts of the archenteron which later on
become completely separated from it. Then, the mesoderm folds which
are originally continuous structures become divided into a series of paired
mesodermal somites by means of transverse septa, The first pair of these
somites appear at the anterior end of the developing embryo. Then division
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goes on regularly tcward the posterior end. Each somite contanis Jpart of
the archenteron known as the enterocoel. The appearance of these paired
mesodermal somites is the first indication of metameric segmentation
in adult Amphioxus. As development proceeds, these somites become
greatly enlarged and they extend ventrally between the wall of the gut
and ectoderm until they meet thase of the opposite side in the midventral
line (Fig. 49, F.). During this enlzrgement, the somite becomes differentia-
ted into an upper part known as epimere and a lower part known as
hypomere (Fig. 49, G). The inner layer of the epimere, which is in contact
with the neural tube and notochord, becomes thick and forms the myo-
tome. Its outer wall which lies below the ectoderm forms the dermal
plate. The part of the enterocoel lying between these two layers is called
myocoel. The hypomere is also differentiated into an inner layer known as
splanchnopleure, and an outer layer known as somatopleure, with a
cavity in between which is known as splanchnocoel. During development,
the septa separating the various splanchnocoels disappear so that they give
rise to one continusus cavity which is the coelem or body cavity.

The ventral part of the endoderm which remains after the separation
of the notochord and splitting of the mesodermal somites becomes closed
dorsally forming the gut. It is at the beginning a closed tube, then it com-
municates with the exterior by the mouth which is formed near, its anterior
end and the anus which is formed at its posterior end. The gut clongates
rapidly and becomss differentiated into a wide anterior part reperserdting
the pharyngeal region, and a narrow posterior part representing the
stomach-intestine region. Then perforations take place in the wall of
the pharyngeal region, leading to the formation of the gill slits which
put the pharynx in communrication with the exterior. During development
the pharyngeal region becomes su-tounded by the atrial wall which arises
from two lateral folds growing taward each other and ultimately fusing
together. From the anterior end of the stomach-intestine region a small
pouch grows anteriorly to form tke liver diverticulam which represents
the liver of higher animals in a primitive condition.

EMBRYOLOGY OF THE FROG

SEGMENTATION (Fig. 50).

The egg of the frog is considered as a telolecithal type as it is provided
with a large quantity of yolk which is concentrated at the vegetative pole.
It is covered externally by a thin coat of dark pigment which is accumula-
ted at the animal pole. The fertilized egg is subjected first to the process
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of cleavage which starts by the appearance of a vertical septum extending
from the animal pole to the vegetative one and thus divides the egg into
two equal blastomeres. It is to be noted here that such division is relacviely
slower in the vegetative pole owing to the accumulation of yolk.
The second division takes place by another vertical septum extending at
right angles to the first and so four equal blastomeres are formed. The
third division is hor:zontal, and divides the egg into eight blastomeres, but
the plane of division is nearer to the animal poes, and thus the eight blas-
tomeres are differentiated into four micromeres above and four macro-
meres below. As division proceeds, more cells are produced, and they
become arranged in the form of 2 hollow sphere known as the blastula.
In the blastula of frog, the segmentation cavity or blastocoe! is much nearer
to the animal pole than to the vegetative pole, and the carly blastula is
composed of a single layer of cells, but as division proceeds it becomes
composed of severzl layers of cells and such stage represents the late
blastala.

GASTRULATION (Fig. 51).

In the frog, the process of gastrulation is greatly modified according
to the presence of a large quantity of yolk in the cells of the vegetative pole.
The small pigmented cells found near the animal pole representing the
micromeres are more rapidly dividing than the larger volk cells of the
vegetative pole or macromeres. This process of overgrowth is known as
epipoly. While such process is taking place the macromeres are thems-
selves undergoing a process of invagination (Figs. 51, A, B and C). Both
epipoly and invagination continue to take place until the macromeres are
covered by the micromeres, except a small part referred to as the yolk
plug which protrudes through the blastopore (Fig. 51, E). Thus the
single layered blastula is transformed into a double-layered gastrula.The
outer layer is the ectoderm, and the inner layer represents both the
endoderm and mesoderm. Inside the gastrula is a cavity which is the
archenteron.

DEVELOPMENT OF MAIN ORGANS

As in Amphioxus, the central nervous system, of the frog develops
from the neural plate which is the ectoderm extending along the dorsal
side of the gastrula (Fig. 52, A). The margins of this plate become thick,
and then they become elevated above the general surface of the ectodem
to form the two neural folds. These neural folds extend upwards and
inwards until they fuse together in the mid-dorsal line, and thus trans-
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forming the neural plate into a neural tube (Fig. 52, C). The place yof fusion
is marked by a deep groove which remains distinct for sometime. As
shown in Fig. 53 the neural tube becomes differentiated 4nto fore-brain,
mid-brain and hind-brain, and the rest of the neural tube gives rise to
the spinal cord.

The notochord arises from a band of endodemral cells .extending along
the roof of the archenteron. These cells become transformed into a wedge-
shaped elevation which later on splits off as a solid red from the roof of the
archenteron (Fig. 52, C).

The mesoderm arises by :he splitting of a laver of cells from the wall
of the archenteron (Fig. 52, A and B.) The remaining part of this
wall forms the gut. Soon after the separation of the mesoderm, it becomes
differentiated into the typical mesoderm structures. The parts which lie
next to the neural tube become aggregated into paired masses of cells form-
ing the mesodermal somites. They are at first continuous with the lateral
region of the mesoderm, but later on they become completely separated
from it. The lateral region of the mesoderm is known as the lateral plate.
It is at the beginning a solid mass of cells, but later on a eavity known as
the splanchunocoel arises inside it. When such cavity appears the lateral
rlate is differentiated into two layers an outer somatopleure and an
inner splanchnopleure (Fig. 52, C). The splanchnocoel will give rise to
tae coelom. The parts of the mesoderm originally connecting the mesod-
ermal somites with the lateral plate remain as small masses of cells knows
a3 the nephrotome, and will later on form the wrinogemital system.
After the separation of both the notocherd and mesoderm, what remains
of the wall of the archenteron forms the gut.

The cavity of the gut beccmes greatly enlarged at the anterior -en
directly in front of the yolk sac containing the mass of yolk cells (Fig. 33).
This enlarged part of the gut will give rise to the fore-gut which will later
differentiate into the pharynx, oesophagus and stomach. The posterior
part of the gut also becomes enlarged forming the hind-gut which will give
rise to the rectum. Connecting these anterior and posterior enlarge-
ments of the gut, there is the narrow mid-gut containing the yolk cells,
and which will form the small intestine.

In the pharyngeal region the gill pouches appear as paired lateral
evaginations of the wall of the gut, and then become perforated and com-
municated with the exterior. The gill pouches are separated from each
other by the gill arches, some of which carry branching outgrowths
projecting out from the surface of the body and known as the external gills.
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The developing embryo in such later stages of development is known as
the tadpole larva (Fig. 54). It is more or less fish-like in its appearance
and it possesses a laterally compressed tail which is used for locomotion.

Tt attaches itself to aquatic plants by means of a special embryonic organ
known as the adhesive organ.

POAF Bxatn

| Selel el
FUTURS MOUTH ‘ - t

YOLK SAC
FORE GUT

UVER DIVETICULUM

8D GUT

Fig. 533 -—— Lateral view of a young embryo of frog.

EMBRYOLCGY OF THE CHICK

Structure of the hen’s egg (Fig. 35).

In general the term “ovum” in birds is applied to the yolk sphere while

the term ,,egg” is used in its more familiar sense, including the yolk, the
zlbumen and the shell.

In the hen, the ovum proper is only the central spherical yellow portion
which is generally referred to as the “yolk”. In spite of the large size of
this ovum, it is merely’ a single cell. The ovum has a well-defined animal

and vegetative poles and in regard to its yolk disribution must be classified
as telolecithal.

The protoplasm of the ovum is a very small amount and it is in
the form of a small disc which ‘is called the germinal disc. This disc is

situated above the surface of the large yolk mass at the animal pole. It
is about 3 mums. in diameter.

During the passage of the ovum through the oviduct toward the cloaca,
it becomes surrounded by the white of the egg or albumen which is
secreted by the glandular wall. The albumen secreted from the upper
glandular portion of the oviduct is thicker than that which is added furth
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back. The two ends of the albumen are twisted {to form two cords which
are called the chalazae. They are twisted because the ovum while passing
through the oviduct becomes rotated by the spirally arranged grooves and
ridges of the oviduct.

Yolk .
Inner liguid

Shell
membrane

Eqq
membrane

Eqg shell Chalaza

Albumen

'Fig. 55 — Sagirtal section through a chick cgg.

Around the thin albumen, is found a very thin double membrane which
is called the shell membrane. Near the broad ernd of the egg, these two
membranes are separate from each cther forming an air space. Follow-
ing the shell membrane is found an outer calcium impregnated egg shell
or calcareous shell which is sc porous that it can allow the passage of
gases and water vapour during the development of the embryo.

Fertlization

Fertilization in the chick occurs in the upper region of the oviduet.
The passage of the fertilized egg is slow, lasting approximately 22 to 24
hours. This means that most of the early development, i.¢. cleavage and

formation of the blastoderm takes place in the body of the hen before the
egg is laid.

Cleavage or segmentation {or blastula formation)

As a result of the heavily telolecithal yolk distribution cleavage is
limited to the germinal disc. This type of cleavage is meroblastic or
discoidal or partial.

As mentioned before, segmentation and blastula formation take place
inside the body while the egg is passing through the oviduct. So when the
egg is laid, the embryo will be in the blastula stage. Then development
stops and the eggs have to be lincubated by the female or artificially in an
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incubator to make develompent continues. The temperature necessary
for incubation is about 38°C.

The first cleavage is initiated by the formation of a small vertical fur-
row near the middle region of the germinal disc. The two first blastomeres
formed in this manner do not have complete walls. Their cytoplasm
merges with the adjoining and uderlying yolk except where they touch.
cach other.

The second cleavage becomes apparent as a second furrow at right
angles to the first.

The third cleavage is initiated by the appearance of two furrows across
the second cleavage and at right angles to the first. They are followed by
similar furrows across the first cleavage plane so that eight blastomeres.
are formed.

In the fourth cleavage (Fig. 53 a}, each one of the resuiting blastomeres.
divides into a small central cell and a larger marginal one. Then, this
process is continued, the small central cells increasing in aumber by their
own division as well as by the division of the marginal cells which add to
the central ¢ells. This process is continued until a multicellular blastodisc
or blastoderm having a large number of small central cells and large
marginal ones connectzd together at their edges, is formed. Then, the
blastodisc becomes sevezral cells in thickness by cleavage planes which
are parallel to the surface. This multicellular blastodisc which is several
cells in thickness will be lying just above the surface of the yolk. such a
stage may be described as the “morula stage”.

In later cleavage, the central blastomeres detach themselves from the
underlying yolk to form a central shallow cavity which represents the
blastocoele while the peripheral cells extends into the yolk. When these
processes take place the embryo will be in the blastula stage. The blas-
todisc may now be referred to as the blastoderm. (Fig. 35 b}

The central area of the blastoderm which cosnists of the small central
cells is called area pellucida as this area appears transparent after its
de:achment from the uaderlying yolk. On the other hand the marginal
area is called area opaca because some of the yolk granules are attached

to it.

Gastrulation

A second layer is eventually formed over the top of the yolk.
This layer, which may be referred to as the hypoblast, criginates from
cells that have left the original blastodisc.
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Abortive cleavgges

Centra} cells Areg ¢poco

Arao peliucide

Marponal cells

Fig. 35 a) — Early Fig. 35 (b; — Dorsal view
cleavage in a hen’s egg. of the blastodisc after cleavage

As a matter of fact, three primary hypothesis have been advanced to
explain the origin of the endoderm :

1. Some investigators believe that cells simply leave the blastodsisc
1o drift down to the volk., This s known as the method of infiltration.

2. Others think that the cells of the blastodise are delaminated, that
is, horizontal cleavages occur which separate the original single layer of
cells into two lavers.

3. A third school favours an involution hypothesis indicating that cells
in the peripheral area of the blastodisc turn under and grow over ihe
surface of the yolk as mentioned before.

Formation of the Primitive Streak (Fig. 35 ()

This first indication of a true embryo is the formation of a primitive
streak (Fig. 35 C). This streak appears directly after the area pellucida

Arec opaca

' Ar {lucl
Hensen s node ea peliucide

Fig. 35 (¢) — Whole mount of a Primilive pit

20 hour chick embryo. .
>rimitive fotd

Primitive streqk
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Secomes two-layered through the extension of the endoderm. At the begin-
aing, it appears as an clongated, slightly thickened band which occupies
th= posteriot half of the area pellucida.

As development proceeds, the primitive streak grows towards the pos-
:erior direction whereas its anterior end remains near[y in a fixed position
so that the whole blastoderm becomes oval instead of being round. At
the same time a groove appears in the middle of its structure. This groove
is generally referred to as the primitive groove. It is bounded laterally
by two elevated folds which are called the primitive folds. Anteriorly
it has a depressed portion which is called the primitve pit.

Just anterior to the primitive streak is an elevation of the ectoderm
which is called primitive knot or Hensen’s node.

24-hour Chick Embrvo (Fig 35 d)

In the head region of this stage, the neural folds become quite distinct
and closely adjacent to =ach other posteriorly, The two folds diverge from
zach other and become less distincz. The notochord becomes clearly seen
through the overlying ectoderm.

The mesoderm has already started dividing. It has given three
to four mesodermal somites. As development proceeds it becomes
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differentiated into three main parts namely, the axial, intermediate and
lateral mesoderms. Then, the lateral mesoderm :plits into two layers,
the somatic mesoderm toward the ectoderm and the splanchnic
mesoderm toward the endoderm (Fig. 35¢). Between the somatic and
splanchnic mesoderms is formed a space which is the coelom. The
somatic mesodarm and ectoderm form together the somatopleure while
the splanchnic mesoderm and endoderm form the splanchnopleure.
Also the axial mesoderm gives rise to the myotomes, and the intermediate
mesoderm to the nephrotome.

SPLANCHNIC MESODERM
NEPYMOTOME

NOTQCHORD
LD, ADXTA

MYQTOME FUTURE GUT

Fig. 535 (¢} — T.5. of the wunk region of 48-hour chick embryo.

In the area opaca, the mesoderm forms irregular masses of cells known
as the blood islands. These islands will, later on, join together to form a
network of blood capillaries.

The cavity which lies between the yolk and the endoderm forms the
primitive gut.

48-hour Chick Embryo (Fig. 56)

At this stage, the head region becomes disitnct and bent. The neural
folds have fused with each other in the mid-dorsal line, thus transforming
the neural plate into a neural tube. Anteriorly, this neural tube becomes
enlarged to form the brain which is differentiated into three parts referred
to as the fore, mid-and hind-brains. The remaining portion of the neural
tube forms the spinal cord.

From the lateral walls of the fore-brain, two optic vesicles are produced,
one on each side,
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Opposite the posterior part of the hind brain arises the auditory sac
{future ear) as a circular patch of thickened ectoderm.

At this stage, the mesoderal somites attain twenty seven somites. Also
the heart becomes distinct.

EMBRYONIC MEMBRANES

While the develepment of the embryo is taking place a number of
structures known as che embryonic membrane are being formed (Figs.
57 a and b). These are the amnion, chorion, allantois and yolk sac.
Although they are farmed from the egg, they do not form an actual part
of the embryo. They perform a number of functions during the develo-
pmental stages and then they are thrown away at the time of hatching
The amnion and chorion arise in common with each other from the
extraembryonic blastoderm. [a front of the head of the embryo, arises
a folde of the blastoderm which is known as the head amnion feld, and
it becomes directed backwards covering the head (Fig. 57 a, A & B). Then.
its sides become elor.gated backwards giving rise to nwo lateral amnion
folds which become elevated upwards to cover the lateral sides of the
embryo. The right and left lateral folds become fused together, and their
fusion starts in the region of the kead fold and gradually.proceeds back-
wards. Thus, the embryo becomes gradually covered by the fused folds.
While this is taking place, a new fold arises behind the tail-bud covering
it in the same way as the head fold covers the head. This fold is called tail
amnijon fold, and it extends forwards and soon meets the fused lateral
folds with which it also fuses. When this fiusion takes place the embryo
will be completely covered with two membranous layers, the inner one
is called the ammnion and encloses a space known as the amniotic cavity
which surrounds the embryo. This cavity is filled with amniotic fluid
which protects the embryo. The outer membrane is known as the chorion
and it also prtotects the embryo.

The allanteis arisés as an outgrowth from the ventral wall of the hind
gut (Figs. 56 D and E).  This growth is directed backwards, and gradually
increases in size and extends between the amnion and chorion. It acts
as a urinary bladder, and later in development its wall becomes highly
supplied with blood vessels and it acts as a respiratory organ for the deve-
loping chick while it is in the egg. Interchange of gases takes place in the
capillaries of the allantois through the thin chorion and porous outer shell.

The yolk sac which is the fourth embryonic mambrane is represented
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by the inner lining of the extraembryonic coelom (splanchnopleure) that
completely surrounds the yolk. This sac remains connected with the inte-
stine by the yolk stalk.

PLACENTA

The embryonic membranes are an important character of an important
group of the vertebrates known as Ammiota which comprises reptiles,
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hirds and mammals. The description of the embryonic membranes
already mentioned can be met with in the case of reptiles and birds, but
ir mammals both the chorion and allantois are modified 1o take part in
the formation of a strcuture known as the placenta. In both reptiles and
birds the egg is very large and contains a large quantity of yolk which is
uzilised in the formation of the embryo, but in most mammals the egg is
very small and nearly contains no yolk, and the embryo lives parasitically
irside the body of the mother from which it receives all the necessary food.
This food is transferred from the body of the mother to that of the develop-
irg embryo through the placenta which is formed in the following manner.

NACENTA
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Fig. 58 — Relation of placenta to uternz in mamnals.

The allantois and chorion become closely united together. The
chorion also forms an intimate relation with the mucous membrane
lining the uterus (Fig. 58). This relation is brought about through the
dzvelopment of certain structures known as the chorianic villi. These
are processes which arise from the chorion and projece towards the wall
of uterus with which they become closely united. Thus a close contact is
made between the maternal and foetal tissues. These tissues form the
placenta which is composed of two parts, the maternai placenta and
tae foetal placenta. Both of them become richly supplied with
klood vessels, but the blood circulation inside the maternal placenta
remains quite distinet from that inside the foetal placenta. So the blood
cf the mother is never intermingled with that of the developing embryo.
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All what takes place inside the placenta is the interchange of materials
between the blood of the mother and that of the embryo. Food materials
and dissolved oxygen pass from the blood capillaries of the uterus to those

of the embryo. Carbon dioxide and urea pass from the blood capillaries
of the embryo to those of the mother.
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INTRODUCTION

Cenetics may be defined as the science which tries to discover the laws
which determine why certain individnals related by descent resemble one
another, or why they differ from one another. In other words, genetics is
the science of heredity and variation.

However, geneticists are, nowadays, interested not only in heredity
and variation, but also in knowing how genes came into exisence in the
first place, what their chemical constitution is, how they influence develo-
pment, and a number of things which concern the study of hereditary
material,

In man and other animals, the hereditary material consists for the most
part of genes. The same can be said of plants. However, green plants
contain bodies, known as plastids located in the cytoplasm. These plas-
tids are self-duplicating bodies and are inherited usually only through the
egz and therefore constitute dart of the plant’s hereditary material.

Some biologists are of the opinion that the cytoplasm contains other
bodies which resemble genes, in addition to plastids. However, the
problem of cytoplasmic genmes is still under investigation, but the
evidence, as it stands at present, strongly supports the theory that in both
plants and animals the hereditary material consists for the most part of
nuclear genes which are bodies arranged in linear order in the chro-
Mosomes.

PHYSICAL BASIS OF HEREDITY

G enes and Chromosomes

Chromosomes contain minute bodies known as genes. These are the
ultimate units of heredity. They are arranged in linear order in a chromo-
some like beads on a string. It has been estimated that a chromosome
contains thousands of genes and so they are very small and invisible even
under the highest power of :he electron microscope. Evidence of their
existence is, for the most part indirect and is based on breeding experi-
ments.

The genes are composed of DNA (deoxyribonucleic acid). Each gene
has a spectific location on the chromosome. This location is called locus

187
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{plural = loci). Since body cells have paired chromosomes, there must
be paired genes, one from each parent. Such genes may be alike or unlike.
The alternative members of a pair of genes are called “alleles” or “allelo-
morphs” and they occupy the same loci on the tomologous pair
of chromosomes.

Gene Action

Genes determine the fundamental characters of the organism and
strucure of the cell. They control the nature and production of proteins
which are the essential part of all living protoplasm. Bv controlling the
nature of proteins, genes control the nature of cell enzymes. As metabolic
activites of cells require enzyme action, it would be concluded that genes
determine and control the cellular metabolic processes.

Genes also play a role in the determination of sex of an organism, and
influence the development of sexual traits which distinguish the two sexes.
They may change or mutate. When such a mutation takes place, the
mutated copy may be as stable as the original and may be transmitted to
future cells and the organisme may exhibit altered traits. 8o this phenome-
oon may play an important role in the evolution of the organism.

Genes and Characters (or traits)

In the study of heredity, we must clearly distinguish between genes and
traits. The gene, interacting with the environment, determins the trait.
For practical purposes, it is often possible to correlate one gene with
one character. Such a character is then called a unit character.

It has been found, however, that one character is the result of the inte-
raction of several or many genes and that one gene may influence many
traits. A gene which has an effect on several traits is generally described
as “plelotropic”.

This relation between genes and characters can be expressed, graphi-
cally in the following diagram in which a number of genes of the hoase
mouse are indicated in one column and a number of characters in the
other.

In this diagram, the connecting lines indicate the action of a gene on
a character. Thus pink-dilution gene has pleiotropic effects on coat
colour, eye colour and body size, whereas coat colour depends on the
interaction of pink-dilution, albino and brown genes. This diagram is
oversimplified, even for the few genes and characters listed.
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GENE - CHARACTER
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Genotype and Phenotype

Difference in hereditary constitution are due to differences in genes.
The total gene content of an individual is called its “genotype”. The
sum of the characteristics of an individual comprising its physical and
mental traits, is called its “phenotype”. The phenotype is produced by
the interaction of genes with one ancther and with the environment.

Mutation and Allelomorphs

Genes do not undergo zny permanent change from one cell division
to the next or from one generation to the next. They are relatively stable,
but on very rare occasions, a gene does change. As a result a new type of
animal or plant might arise such as a white-eyed instead of red-cyed fruit
fly (Drosophila melanogaster). A permanent change in a gene is known
as mutation and the new type of animal or plant as a mutant. Once a
gene has mutated, it is as stable in its new form as it was in its original one.
The original gene and its mutated form are called allelomorphs or
alleles. Allelomorphs are thus genes which occupy the same position
(= locus) on the same chromosome, znd influente the same developmental
process or processes, but in different ways.

Homozygosity and Heterozygosity

Chromosomes are arranged in pairs. The two members of each pair
are called homologous chromosomes. With the exception of the sex-
chromosomes which will be discussod later (see page 225), homologous
chromosomes are alike in shape, behaviour at cell division, genc content
and arrangement of genes. They may, however, carry different
allelomorphs of the same gene. Thus, like the chromosomes, the genes are
arranged in pairs; the memkers of a pair being either identical or allelo-
morphic.

An individual is called homozygous, or a homozygote, for a given
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gene when it carries the same allelomorph of this gene on both members
of the homologous pair. It is calied heteroxygous or a heterozygote when
it carries two different allelomorphs. Example : Let B denote the gene
for brown eyes, and b its allelomorph fer blue eyes, then a person can be
homozygous for brown eyes (BB) or hamozygous for the blue eyes (bb)
or heterozygous (Bb). according to the type of genes on the same locus of
a pair of homologous chromesomes.

Douminant and Recessive Genes

The phenotype of a heterozygote depends on the relative powers of the
two allelomorphs or alleles on the homoiogous chromosomes. Very often
one gene dominates the other so that it expresses itself while other hides.
So when the two members of a given pair contrasting genes are brought
together, they differ markecly in their ability to express themselves. The
gene which produces its effect on the character concerned is called
a “dominant gene”. The other gene which hides and does not produce
its effects is called a “recessive gene”,

Geneticists are accustomed to denote a recessive gene by a small letter,
(e.g. r= gene for red hair) and its dominant allelomorph by the corres-
ponding capital letter (R=allelomorph for non-red hair). When a muta-
rion has caused an abnoimality in the phenotype of the wild type of the
species, the original or wild type gene i ofien denoted by the sign™+".
Thus the gene for albinism, being recessive. is shown as a small “c’”’ mean-
ing colourless. Its normal allelomorph may be denoted zither by “C" or
by =% or simply oy —

Dominance may be complete or inccmplete. In the latter case, the

heterozygote has z special phenotype caused by a blending between the
effects of both alleles.

MENDEL'S EXPERIMENTS AND LAWS

Who is Gregor Mendel ?

Gregor Mendel (Fig. 59) was a monk in a monastery at Briinn, Austria
{now Brno, Czechoslovakia). He had come as a poor boy to the monastery
and was ordained priest in 1847. In 1851, he was sent to study natural
science at the University of Vienna. In 1833. he returned to Brinn and
became a teacher of science. In 1857, he started to collect numerous varie-
ties of garden peas differing in height, flower colour, seed colour, seed size
and other ways.
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Fig. 59 — Gregor Mendel (1822 - 1884), the founder of genetics.

After seven years of observations and experimentations in the monastery
gardens, he reported the results of his experiments together with
the generalizations which we know as Mendel’s laws in 1865. Although
his laws do not explain all types of inheritance, they are _]ust as valid today
as when they were formulated. '

Mendel died before his generalizations were truely accepted. However,
in 1900, his laws were rediscovered by three botanists working indepen-
dently. They are De Vries in Holland, Correns in Germany, and Von
Tschermark in Austria. The laws which Mendel formulated may be sum-
marized as follows : -

I. Law of Unit Characters

* Genes occur in pairs, and control the inheritance of each pair of
traits as a unit.

2. Law of Dominance

One gene of a pair may mask or inhibit the expression of the other or
opposite member of that pair. In an individual pea plant having one gene
for tallness (T) and one for shortness (t), the tall one will dominante the

{*) Mendel wsed the word ‘“facter””. The term “gens” was not used until scveral
years [ater.
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the other and expresses itself. The cne which expresses itself is called
dominaut gene and the other the recessive geme. The trait so deve-
loped is dominant trait. When there are two recessive genes (tt), they
will express themselves and develop the recessive trait.

3. Law of segregation

The genes which make up the different pairs are segregated (separated)
from each other when gametes are formed in animals or spores in plants.
Only one of each pair of genes goes into a gamete or into a spore of a plant. -

4. Law of independent assortment

The genes representing two or more contrasting pairs of traits are dis-
tributed independently of one ancther at the time of gamete formation in
animals and at the time of spore formation in plants. The individual
genes are assorted to the gametes independently of one another, and
then the gametes vLnite at random.

Sometimes, these laws ars combined into only three laws.

MENDEL’S LAW OF SEGREGATION

Mendel simplifizd his breeding experiments of garden peas by conce-
ntrating his attention upon a singl= trait at a time, counting and clasifying
the following generations according to the different forms he observed.
As a result of his experiments, Mendel discovered the law of segregation
which states, as it now stands. that “the genes which occur in pairs in the
individual do not blend or comtaminzte each other, but segregate (or
separate) during m=iosis, each gaing into a mature germ cell or gamete.
When such gametes unite, the genes are brought back to their paired
condition”.

The following experiments are illustrations of Mendel’s principle of
segregations In cases of complete and incomplete dominance.

Complete Dominance

. One of the first facts brought about by Mendel's experiments was that
the two members of a given pair of coatrasting characters, when brought
together in a cross, differ markedly in their ability to express themselves
in the resulting hybrid offspring. For example, when he crossed a pure
breeding red-flowered plant with a pure breeding white-flowered one, the
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progeny were found to resemble the red-flowered parents. No white-
flowered plants and no intermediates appeared. But in the hybrid itself
whiteness appeared in the subsequent generation.

As these characters were preduced by genes, so the genz waich produces
its effect on the character concerned, is called a “dominint gene®. The
other gene which hides and does not produce its effect is called a
“recessive gene”. Two such genes forming a contrastiny pair and
occupying a lecus or position on a homologous pair ol chromosomes are
called “alleles® or “allelomarphs,,.

Similar symbols arc used to designate the two membacs of a pair of
alleles. Usually the first letter of the character caused by the dominant
gene is always in capital, while that for the recessive is the corresponding
small letter,

Mendel crossed various races of edible peas. For instance he crossed
a red-flowered race with a white - flowered one. He found that the
offspring in the first generation F, was ali red - flowered plants. Then he
self fertilized the offspring and found that they produced an offspring in
the second generation “F,” in the ratio of 3 reds : 1 white. This experiment
of Mendel can be easily explained in terms of chromosomes and genes
as shown in figs. 60 and 61.

In the cross of red- and white-floweerd plants, let “C” stand for the
gene for red flowers and “c” for its allele for white Aowers. The true
breeding red-flowered parents may, therefore, be repressented as “CC”
and its gametes as “C”. In the same manner, the true breeding white-
flowered parents as “cc” and its gametes as “°c” as shown in the diagrams.

When the two plants are crossed, an egg “C” is lertilized by a male
gamete “c” and its gametic formula will be “Cc”, When the two members
of a given pair of alleles carried on the locus of a pair of homolo-
gous chromosomes in an individual, are alike, the individual is said to a
“homozygote” or a “homozygous” individual. So the true breeding red
“CC” and white “ce” plarts are “‘homozygotes”.

On the other hand, when the two members of an allelic pair are
unlike, the individual is a “heterozygote” and can be described as being
“heterozygous”. So the red-flowered plants obtained by Mendel in the
“F” generation are “heterczygotes”. They are red because the gene
“C” is dominant over “c”.

According to the principle of segregation, the two genes borne in the
heterozygous “Cc" plants, do not fuse or contaminate each other as this
hybrid shows only the red flower.
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Fig 60 — A chart showing the behaviour of genes during a crass between
a red-flowered race of peas and a white-lowered one.

Let us assume that these allelic genes segregate or separate when the
hybrid forms its gametes so that half of the gametes will carry “C” and the
other half “c”. Let us assume further that in fertilization, the gametes
combine at random. Finally. let it be supposed that the plants of
all genotypes are equally viable.

As shown in Fig. 61 male gametes with “C" may fertilize “C" eggs
forming “CC”-plants; C-ma’e gametes may fertilize c-eggs forming Ce-
plants, c-male gametes with C-eggs give also Cec-plants, and finally e-male
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RED-FLOWERED PLANT

YHITE-FLOWERED PLANT

Fig. 6] — Chart showing the bzhaviour of genes and chromosomes during a cross
between a red-flowered plant of peas and a white-flowered one,

gametes and c-eggs produce cc-plants.

CC-plants have only the genes for the red-flowered colour, and so will
have the red flowers.

Cc-plants have a gene for red and a gene for white colour but since
C is dominant over ¢, these plants will have red flowers.

cc-plants have two genes for white and so will produce only white
fowers.
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Hence, if the assumptions stated above are valid, the phenotypic ratio
(or appearance) beiween the red-flowered plants and the white-flowered
ones = 3 : 1.3

The red-flowered plants however, although looking alike, they do not
behave in the same manner. About one third of them or the homozygous
for the gene “C” should breed true, and give only red-flowered plants with
the genotype “CC”, But two thirds of the reds, the so called heterozygotes
“Cc” should breed like the F| hybrid plants. That is, they should produce
red- and white-flonered plants in the ratic of 3 reds : [ white.

In conclusion, the phenotypic and genotypic ratic of the above
mentioned cross will be as follows :

phenotypic ratio = 3 reds : | white

genotypic ratio = 1 CC : 2 Cc : 1| cc

In order to facilitate the different possibilities of combination of the
F,-gametes, they are inserted in a checkerboard as follows :

male gametes

® c ¢
8
@
o
® C cc Cc
"é red red
4
g Cc cC
c red white

The same results can be obtained when crosses where made between
different strains of the fruit fly, Drosophila melanogaster. For instance,
when pure grey flies are crossed with black ones and this can be experim-
entally done in special vials containing special food culture {mainly
molasses, agar and yeast in definite proportions), all the hybrids which
are called the first filial generation or F, are grey. When these F —flies
are mated together, their offspring which are called second filial genera-
tion or F, contains both grey and black individuals in the phenotypic ratio
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of 3 grey : 1 black and the genotypic ratio 1| BB : 2 Bb : I bb where the
grey colour of the body is caused by B-gene and the black one by b-gene.

Mendel’s principle of segregation is also applied to other contrasting
traits like those mentioned in Table 6 where dominant and recessive
characters are represented in some animals.

Table 6, Cenetic Characteristics of some animals

Animal Dominant Recessive

Fruic fly

Eye colour Red White

Body colour Grey Black

Wing length Long Vestigial

Poultry

Comb Rose (as in Single (as in
wyzandottes) Leghorns)

Shank Feathered Bare

Number of toes Extra toes Normal number

Cattle,

Leg length Short ILong

Horns Hornless Horns present

Horses

Hair colour Grey Other colours

Running form Trotiing Racing

Incomplete dominance.

It is not always necessary that one member of a pair of alleles
be dominant over the other. The heterozygote, in this case, has a special
phenotype caused by a blending hetween the effects of both alleles. In-
complete dominance can be demonstrated in many plants such as the
four o’clock and smapdragon plants, and animals like the andalasinn
chicken and the short-hern cattle.

In the four o’clock plant (Fig. 62 a and b) in which a homozygous
white (rr} is crossed with a homozygous red (RR), the F, is neither red
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Fl-ganetes

R
F Rr
2 RED PINK PINR HH1ITE
Genotypic ratio P KR : 2 Rr : L rr
Phenotypic ratio: 1 red: 2pink; 1 whits
Fig. 62 () — Incomplete dominance showing the behaviour of geres diagramatic-

ally during a cross between red and white four o’clock plant 7 Miriabilis).

PIne

Fig. 62 (§) — Incomplete domicence when homozygous white- fowered four O’clock
(Miriabilis) is crossed with homozygous red-flowered four-Oclock.
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Fig. 63 — Incomplete dominace in blue Andalusian fowls. Genes are represented
by dark and white circles.

nor white, but pink (Rr). The F, are red, pink and white in the ratio of
[ red: 2 pink : 1 white. If R is the gene for red and its allele r for white,
neither of them being domirant over the other, they act in such away that
RR individuals are red, Rr pink and rr white. The genotypie ratio in the
F,is IRR ; 2Rr ; Irr

This phenomencn is also illustrated by the blue Andalusian fowl
(Fig. 63). When a black and a white-splashed individuals are crossed, the
F, shows an intermediate shade of blue Andalusian which is heterozygons.
When two blue Andalusian fowls are crossed, individuals of the offspring
will be black, blue and white splashed in the ratio of 1 : 2 : I.

FAMILY PEDIGREES

The study of human genetics faces many difficulties not found in
animals and plants because experimental crosses in human beings are
impossible and the number of offspring from each marriage is usually
small. Moreover, the interval between generations is too long for studying
human inheritance,

However, much of our information regarding human inheritance has
been obtanied by accurate collection of data and their proper evaluation
and Interpretation. One of the methods of recording such data is in the
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Fig. 64 — Fanily pedigree of insanity.

form of a pedigree (or family tree), two of which are shown in Figs. 64
and 65.

In pedigrees, females are usually symbolized by circles and males
by squares. The symbols of parent are joined by a marriage line and
the symbols of their children are placed usually below those of the parents
under a horizontal line joinzd to the marriage line by a short vertical
line. The number of generaticns are numbered with Arabic one. The
individuals who exhibit the character in question are colourd black.
Symbols may also be used in human crossed wherever possihle.

As shown in the diagram Fig. 64 which is a pedigree for a dominant
insanity, it is noticed that the trait in question is present in every genera-
tion, i.e. it never jumps a generation. Also both men and women should
have nearly equal chance of bzing affected and of being parents to affected
children whereas in recessive _nheritance, as illnstrated by the inheritance
of albinism (Fig. 65), the trait jumps certain generations and both men
and women have no equal clance of being affected, i.e. there is sexumal

preference.

} | ?‘I'g
f ape ?[S' E—g

mo 9 3TS %éé{ﬁ’m%@”

W 123456 78

Fig. 65 — Family pedigree of albinism.
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‘Table 7. — Some dominant and recessive characters in Man.

Domiuant Recessive
Hair Dark Light
Nonred Red
Curly Straight
Abundant on hbody Little on body
Baldness (sex-influenced) Normal
White forelock Normal
Skin and teeth Piebald (spotted pigmentation of Normal
skin and hair)
Pigmented skin, hair and eyes Albinism
Black skin {multiple genes) White skin
Freckles Normal

Brown

Gray or blue

Eyes

Hazel or green
Pigmented eye colour
Farsightedness (hyperopia)
Normal

Long eyelashes

Gray or blue
Albino (nonpigmented)
Normal

Nearsightedness (myopia)

Short eyelashes

Nose and ears

Broad nostrils

High narrow bridge of nose
Curved nose (*Roman’)
Free ear lobe

Narrow nostrils
Low, broad bridge
Straight nose
Attached lobe



Table 7. — Continued.

Dominant

Recessive

General

Short stature
Extra digits on hand and
toes (polydactyly)
Short digits (brachydactyly)
(web)
Split hand or foot
(*lobster claw™)
Normal
Blood groups A,B (multiple
genes)
Blood group-Rh-positive
blood type {multiple genes)
Harelip and clett palate
Normal (incomplete dominance)

Tall stature
Normal

Normal
Normal

Haemophilia (sex-linked)
Blood group O

Rh-negative bleod

Normal
Allergy

Nervous system

Normal
Normal

Manic-depressive psychoses
Sick headache (migraine)

Schizophrenia (multiple genes)
Amaurotic (juvenile)

(idiocy nervous system degeneration)

Normal
Normal
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SOME- HUMAN INHERITED TRAITS

In table 7, some dominant, recessive and incompletely dominant
inherited traits are shown, as given by E.W. Sinnot and L.C. Dunn in
their text-bock of principles of genetics (1958).

SEX-INFLUENCED DOMINANCE

Some genes were discovered in which dominance and recessiveness
depend on the sex of individual. These genes are usually carried on the
autosomes and not on the sex-chromosomes. The degree of expression of
the traits is.influenced by the endocrine glands which produce sex-
hormones.

An example is the type of inheritable baldness called “pattern
haldness®, in which the hair recedes around the temples and then be-
comes thinned on the top of the head, finally leaving a fringe of hair low
on the head. Scientific analysis of pedigree show that the genotype BB
results in baldness in both sexes whereas the genotype Bb results in baldness
in men but norma’ hair in women. The genotype bb results in normal
hair in both sexes. Thus the different genotypes have the following pheno-
types.

PHENOTYPES
GENOTYPES
MEN wOMEN
BB bald bald
Bb bald nonbald
bb nonbald nonbald

This indicates that the gene B is dominant in males but recessive in
females, and its allele b for normal is recessive in males but dominant in
females.

Thus in families where both parents are heterozygous the ratio of the
bald and nonbald offspring is worked out twice, once for males and once
for females as follows : —



BALD MALE )( NONBALD FEMA
?y Bb 8b
P1 gamgtes B b 8 b

IN MALES : 3 bald : L nonbald

o male gametle
2]
g 6 b
;]
BB gb
S B bald | bald
® Bb oh
b bald |nonbald

JN FEMALES : 3 nonbald : 1 bald

male gamete

B b
BB 8b
bald nonbald

b Bb tb
nonbald| nonbald |

2yamed ayeme)
@

THE SIX MONOHYBRID CROSSES

.The following scheme summarises all the possible matings between
individuals carrying one pair of alleles and belonging to three different
genotypic classes which are : homozygous dominant (AA}, homozygous
recessive (aa) and heterozygous (Aa), where A and a are a pair of alleles,
“‘A” being either completely dominant or incompletely dominant over a.
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Table 8. — Genotypes and phenotypes of the six monchybrid crosses.

Progeny’s phenotype

Cross Parent’s Progeny’s
No. genotype genotype Complete Incomplete
deminance dominance
| AA x AA AA all A all A*
9 aa X aa aa all a all a
3 AA X aa Aa all A intermediate
4 Aa x AA 1AA : lAa all A | inter. @ 1A
5 Aa x aa 1AA : laa IA:la | inter. : la
6 Aa X Aa lAA 1 2Aa : laa 3A: 1a 1A : 2 inter : la

* Note : The letters in the column for the phenotypes do not stand for the genes but for the unit characters dete-
rmined by those genes,
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Interpretation

1. Crosses (1) and (2) are matings between homozygous races of true
breeding races. They cannot give any thing new except an offspring like
themselves.

2. Cross (3) is a mating between homozygous dominant and homo~
Zygous recessive parents. It produces heterozygous offspring. The pheno-

type of the offspring differs in accordance with complete and incomplete
dominance as shown in the scheme.

3. Cross (4) is a back-cross of a heterozygote with a parental homo-
zygous dominant. It produces the genotypic ratio 1 : 1. The phenotypic
ratio is only 1 : 1 in the case of incomplete dominance.

4. Cross (5) another back-cross of a heterozygote to a parental homo-
zygous recessive. Its genotypic and phenotypic ratio is 1 : ] whether with
complete or incomplete dominance.

5. Cross (6) is a mating between two heterozygotes. It produces the
genotypic ratio 1 : 2 : 1, the phenotypic ratio depends on complete and
incomplete dominance of alleles. With complete dominance it is 3 : I,
and wtih incomplete dominance it is the same as the genotypic ratio, L.e.

1:2:1

MENDEL’S PRINCIPLE OF INDEPENDENT ASSORTMENT

When Mendel crossed varieties of peas which differed in characters
at one time, he observed that the characters of the parents did not stick
together, but assorted freely in the F, zygotes. From this observation
Mendel drew out his law of independent assortment or random assort-
ment, which was mentioned before {p. 190). This law, as it now stands,
provides that “the different pairs of genes located on different chrome-
somes in the individuai bekave indepepdently of each other in the way
they recombine to form new individuals.

The independent assortment of genes is due to the independent
assortment of the chromosomes which carry them. This fact has been
explained cytogenetically in dihybrid and trihybrid crosses as follows.

Dihybrid crosses

The following are two examples of dihybrid crosses, i.e. in which two
pairs of genes are involved to illustrate random assortment.
Plant Example

Mendel studied seven pairs of characters in peas, involving sead colour,
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seed surface, flower colour, height, colour of unripe pods, pod shape and
position of flowers.

One of Mendel’s experiments was a c¢ross betwecn a pea plant having
round and yellow seeds with ane having green and wrinkled ones. In this
cross, he found that all the F, hybrids had round and yellow seeds
since the yellow colour is dominant over the green and the round shape is
dominant over the wrinkled.

When the F, hybrids were :crosscd to each other, or allowed to self-
fertilize, F, generation was ob:ained consisting not only of the two original
combinations of characters round with yellow and wrinkled with green,
but also two new combinations : round with green and wrinkled with
yellow. These four kinds of p.ants were not equal in number but appeared

YELLOw ROUND GREEN WRINKLED
Py Yﬂ UY ,><
RO (R
w
Py Yﬂ UY
aetes \R{] Or
{(YR) (VR) yrl ('lﬂ

¥, YELLO® ROUND YH"

/N
DD

(ym (yr) (Yyr? (yR)

Fig. 66 — A chart for explaining the cross of a yellow round pea by green
wrinkled pea.
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in a definite ratio which is 9 yellow round : 3 yellow wrinkled : 3 green
round : 1 green wrinkled., This cbservation led to the second law of
Mendel which is stated Lefore.

This fact can be easily explained in terms of genes and chromosomes
as in the diagram (Fig. 66). Let the gene for yellow seed be represented
by Y and its allele for green by y, and the gene for round seeds by R and
for wrinkied seeds by r. In this case, the original yellow round parent plant
would be represented by the genotype YYRR, and the wrinkled green
plant by yyrr. The F, ofispring will be yellow rounded and represented
by YyRr.

Before the dihybrid F, reproduces, it must form its gametes and before
it forms the gametes, the chromosomes arrange themselves in pairs and
reduction division takes p ace at the metaphase. There are two possible
ways for the arrangement of chromosomes as shown in the diagram. The
two chromosomes carrving the genes of dominant characters may be on
one side or on the opposite side. In this manner four possible types
of gametes can be produced in equal proportion whichis 1 : 1 : 1 : 1. These
four types of gametes are YR : Yr : yR : yr as shown in Fig. 66.

palg gometes

YR Ir ¥R yr
YYRR YYRr YyRr YyRR
YR yellow vellow yel low yellow
round round round round
by
2
E. YYRr YYrr Yer Yyrr
o | vr yallow yellow yellow yellow
™ round wrinkled round wrinkled
8
a
Lad
1
.
YyRR YyRr YYHR YYRr
yR yeliow yellow green green
- round round round round
YyRr Yyrr yyRr yyrr
yellow yvellow green green
yr round wrinkled round wrinkled
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When the F, plants are crossed with each other, cach of the four
types of gametes produced by the male has an equal chance of fertilizing
cach of the four types of game:es produced by the female. Thus sixteen
possible types of fertilized ova can be produced as shown in the follow-
ing checkerboard in the proportion 9 yellow round : 3 yellow wrinkled :

3 green round : I green wrinkled. This result is really what was
obtained by Mendel in his garden peas.

Animal example

The same result can be obtained in a hybrid mating between a pure
long winged fruit fly (Drosophila) with black body and a vestigial-winged
fly with grey body. The F, hybrids will be long winged and grey bodied
When these flies aie inbred. they produce an F, generation consisting of
9 long grey : 3 long black : 3 vestigial grey : 1 vestigial black.

Genctically, these results can be interpreted on the basis of genes and
chromosomes as in the case of the yellow round and green wrinkled seeds.
As grey is dominant over blick and long dominant over vestigial, then
the genotype of the long-winged grey bodied flies is VVBB and that of the
vestigial winged black-bodies flies is vvbb where grey is dencted by B,
black by b, long winged by V and vestigial by v.

Long grey Vestigial bilack
P, VVEBB X vvbb
gametes VB .4 vh
F, VvBb X VvBb

long-winged grey bodied flies.

F, gametes VB Vb vB vb X VB Vb vB vb

In this cross, each of the male gametes has the chance of fertilizing a
female one and this can be well represented in the following checkerboard :
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male gamel es

VB - Vb vB vb
VVEB VVBb VvBB YvBb
VB long long long long
grey grey grey grey
e YVBb Yvbb VvBb vvbb
&} vb long long long long
; grey black grey black
o
]
S
-
s vvBB yvBb vvBB vvBb
vB long long vesligial|l yestigial
grey grey grey grey
vvBb Vvbb vvBb vvbb
vhb long long vestigial| vestigial
grey black grey black

The result of this dihybr:d is 9 long grey : 3 long black : 3 vesitgial
grey, 1 vestigial black. This result is what was obtained practically in the
laboratory and it confirms the validity of Mendel’s principle of indepen-
dent assortment.

Trihybrid crosses

Crosses between individuals carrying three pairs of contrasting genes
are called trihybrid crosses. Using Mendel’s peas, a cross may be made
between plants with yellow, round seeds and with red flowers, and plants
with green wrinkled seeds and with white flowers. Using the same letters
for the gene symbols as those used before, then the genotypes of the parents
ma‘y be denoted by RRYYGC and rryycc respectively. Their gametes
are RYC and ryc and the F, trihybrid RrYyCec or plants with round-
yellow seeds and with red flowers.

According to Mendel's prnciple of independent assortment, this trihy-
brid will produce eight kinds of gametes as follows :
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RYC rYC

RYc rYe
RyC ryC
Ryc ryc

As every male gamete has the chance of fertilizing a female one, so
there will be 64 possible combinations as can be seen by constructing a
checkerboard representing the trihybrid cross. The result will be as follows:

27 round-yellow-red : 9 round-yellow-white : 9 round-green-red : 9
wrinkled-yellow-red : 3 round-green-white-: 3 wrinkled-yellow-white :
3 wrinkled-green-red : 1 wrinkled-green-white.

EXPRESSION AND INTERACTION OF GENES

Sometimes, more than one pair of genes may affect the same character.
The genes controlling such character interact together and produce their
expression. In general, all the genes constituting the genotype of an indi-
vidual interact with each other and also with the environment to produce
the phenotype of that individual. In this case, the classical Mendelian
ratio, such as 3 : 1 and 9 : 5 : 3 : ] ete.... do not by any means occur in
all crosses. The following example will show this behaviour of gene expres-
sion and interaction.

Combs in fowls.

Each variety of poultry possesses a characteristic type of comb. The
Wyandotte breed has a conb known as the *rose” comb; Brahams and
some other varieties have a comb known as the “pea,, comb : Leghorns

and breeds of similar origin have “single” combs. Each of these types
can be bred true.

In crosses between pea-combed and single-combed birds, pea was
dominant over single. A new and interesting result was obtained when
rose was crossed with pea, for the F, birds showed a new comb known as
Walnat. Also when the F, walnut-combed birds were bred together,

there appeared in the F, generation not only walnat, rose~ and pea-
combed fowls but single-combed.

From these facts, it was found that walnut comb depends on the
presence of dominant genes, R and P. The first gene (R) produces the
rose-comb and the other (P) produces the pea comb. The combination
of the recessive alleles of these genes produces the single type of comb rrpp.
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RP

MALE GAME'TB

Rp

rp

FEMALE GAMETE WALNUT
Rr Pp
RP Rp rP rp
NN NP
RR PP RRPp Rr PP Rr Pp
WALNUT | WALNUT WALNUT WALNUT
NENRANE
RR Pp RR pp Rr Pp Rr pp
WALNUT ROSE WALNUT ROSE
NN A
RrPP Rr Pp T PP r Pp
WALNUT WALNUT PEA PEA
Rr Pp . Rr pp TYAPP IT PP ¢
WALNUT ROSE PEA SINGLE

Fig. 67 — A chart representating the interaction of two independent pairs of alleles

affecting comb form in fowls.
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‘These assumptions are illustrated in the diagram (Fig. 67), where 9
-walnut : 3 rose : 3 pea : | single combs are produced.

MULTIPLE FACTOR INHERITANCE

Mendel succeeded in his experiments on peas because he used varieties
of peas that differ in clear-cut visible traits. However, not all difference
between individual and between varieties or race are of this kind. Varia-
tions such as those in body size, stature, weight, strength, intelligence in
man, economically important traits in domestic animals and cultivated
plants, such as yield of fruits, seeds or eggs, and amount of milk or meat
produced do not fall into clear cut classes. These characters are described
as quantitative. Mendel’s methods of analysiz are diffcult to apply to such
continuously varying traits because they seem to mix or blend instead of
segregation in the offspring of hybrids.

This apparently blending inheritance is accounted for by supposing
that continuosuly varying traits are due to joint action of several genes or

polygenes, each of which has individually a small effect on the trait in
question.

The number of polygenes controlling such quantitative character may
range from two pairs up to hundred and even more pairs. When
two parents which differ in such type of characters are crossed, the F, are

Fig. 68 — Skin colour extremes in a mulatto family. Compare the child on the
mother’s lap and the next child to the right. (From Davenport Carncgie Institutior
of Washington, Publication No. 199) :
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more or less intermediate between the parents and the F, show many grada-
tions from one extreme like one of the original- parents to the other
extreme of the other parents. The inheritance of skin colour in mutations,

who are hybrids between negroes and whites, is a very good example
(Fig. 68).

It is assumed that negroes have four colour genes SSTT and whites no
colour genes, sstt. These genes have cummulative effect, so that, for

example 5SS produces more colour than one S. The different genetotypes
are as follows :

SSTT black

58Tt

SSTT dark brown

ScTt

S5tt medium brown (mulacto)
ssTT

Sstt .

Tt z light brown

sstt white

A marriage between black and white parents produces medium brown
(mulatto) offspring as follows :

SSTT x sstt
black white
gametes ST st
N W
8sTt

medium brown (mulatto)

Marriages between medium brown parents may produce children of
all different colours as shown in the following checkerboard :

SsTt SsTt

medium brown medium brown

gametes ST, Sy, sT, st X ST, S, T,
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male gawnelg

ST St " T st
55Tt SsTT SsTt
ST sbigk dark dark medium
brown bro¥n brown
lﬁ
@
-
2
™ 3STt 3astt 58Tt Sstt
o | St dark pedium meding light
B brown brown ‘brown brown
&
®
SeTT SaTt s3TT s¢Tt
8T dark e diun medium light
brown brown brown brown
STt Sstt 88Tt
st 2ediun light light B;;:,e
brown brewn brown v

1 black : 4 dark brown : 6 medium brown : 4 light brown : 1 white.

It may be abservzd that cne sixteenth of the children produced by
mulatto parents are as extremes as negroes or whites in skin colour.

MULTIPLE ALLELES

The examples given before have involved the segregation and relative
expression of only two alleles of each gene. However, it has been
found that many anc possibly all genes are able to change in variety of
ways and to give rise to several alternative variants of maultiple alleles.
Thus a gene “A” may change or mutate not only to “a” but to
other stable alleles such as al, a?... 2a® These are called multiple alleles.
Only two of any set, however may be present in an .individual.

MULTIFLE ALLELES IN RABBITS

A set of four alleles is known in rabbits (Fig. 69), (actually they are
six, but reduced here for simplicity). These are : C-is a gene for full colour
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and is dominenet over C°®. C°% is a gene for chinchila colour (silver)
and is dominent over C". Cbis a gene for himalayan cclour (white body
with coloured ears, nose, feet and tail).

c is a gene for albinism (absence of pigmentation).

The dominance relationship between them is such that :
C is dominant over C°b, ¢ and c.

Ctth -3 dominant over ¢t and c

ALBINL SM(ce)

HIMALAYAN (c”cP)

FULLY COLOURED(CC()

Fig. 69 — Three alleles of a gene for coat colour 1n rabbits.
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Ct  is dominant over c
c is recessive to “he other three.
As there is only one pair of loci on a homologous pair of chromesomes

in each rabbit, only two of this set of alleles may exist in one animal. The
different possible gerotypes and phenotypes are : ’

CC cch c°® ¢t himalayan
Ccsh full cek ¢t chinchilla c® ¢
Ceh colour ct ¢
Ce
cc albino.

The mating between any two individuals belonging to different geno-
types follows the same rules of segregations and dominance described
before.

MULTIFPLE ALLELES IN MAN

(The A-B-O Blood Groups)f

The blood of different individuals was found to belong to one of four
different types according to the reactions observed in mixtures of their
blood (Fig. 70}. These reactions, which occur between the red blood cells
of one individual and the blood serum or plasma of another individual,
consists in the clumping or agglutination of the red blood cells, as des-
eribed before (see page 120).

It has been found that the A-B-O blood groups are inherited through
a set of alleles which are:

IA : a gene for group A, dominant over i
IB : a gene for group B, dominant over i
i : a gene for group O, recessive to both IA and IB
However, neither IA nor IB are dominant to one another., When

both are present together, they produce their eflects simultaneously. The
four possible blood groups are produced by the following genotypes:
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Fig. 70 — Appearance of red blood cells of the four classical blood groups when

tested by anti-B serum (lefl) and and-A (rght}.

When the blood groups of the parents are known it is easy to predict
the blood groups possible in the children. This has a legal application in
cases of uncertain parentage. Thus the possibility or impossibility of a
child being the result of a specific marriage may be proved by knowing
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GRCUP POSSIBLE GENOTYFr
A I*1* or 1M
B IBIB or IBI.
aB IRIB
o 1l

the blood group of the child and the alleged or suspected parents. The
possible types of marriages and the resulting children as well as those
groups, which are impossible to occur in’ the children are shown in

table 8.

Table 8. Possible types of marriage and blood groups of their

children.

No. Blood groups

o. Parents.

Bleod groups pos-
sible in Children

Blood groups which
do not occur in

Children
| O0Xo0O 6] A, B, AB
2 oxXxaA C, A B, AB
3 AXA 0, A B, AB
4 OXB O. B A, AB
5 BXB O, B A, AB
6 AXB 0O,B, AB
7 O X AB A B O, AB
8 AXAB A, B, AB O
9 B X AB A, B, AB O
10 AB X AB A, B, AB O

As an example, case 2 in the table can be analysed as follows :
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OxA:

the genotype of O s it
the genotype of A is IAIA or IA i
if  the genotype of A is IAIA
then ii x JAIA
gametes —-——— | IA
o’e child will be IA i

or of group A
if the genotype of A is IA i
then ii x IAi
gametes ———— i IA i

«y child will be IAf ii
or group (A) and (O)

Thus the blood groups which are possible from this marriage are O
and A. The other groups (B and AB) should not occur in the children of
this marriage.

Many instances of multiple alleles are known among plants. In the
snapdragon, there is a series of nine alleles all affecting the flower colour
and leading from deep red through various paler shades to ivory colour
with or without red stripes. Each allele appears to be more or less domi-
nant over those lighter than itself.

THE RHESUS ALLELES IN MAN

When a rabbit was injected with blood from the Rhesus monkey, the
latter produced antibodies which would agglutinate the red blood corpus-
cles of about 859 of the human American white population. The agent
which causes the preduction of an antibody is called an antigen. As it was
found that man and Rhesus monkey share this antigen, investigators named
it Rh.

Persons whose blood cantain the Rh-antigen are called Rh-positive
whereas those whose red corpuscles lack it are called Rh-negative. Also,
Rh-negative persons do not have anti-Rh antibodies in their blood serum,
unless they have been previously immunized by Rh-antigen. Such
immunization may occur in women (Rh-negative) by being pregnant with
Rh-positive foetus (Fig. 71) or by previous transfusion of Rh-positive blood.
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MOTHER ’ S BODY

rh rh
MATERNAL o ,
CIRCULATION / _“*’mf*f':"% .

Fig. 71 — Induct:on of anti-Rh anti-bodics in the mother’s blood by Rh- -antigen
in the embryo.

The previous authors showed that mothers of affected babies were
Rh-negative and the father’s and the surviving babies were Rh-positive.
It was pointed out that the Rh-antigens from the positive baby, must pass
through the connecting placenta into the mother’s blood where anti-Rh
antibodies are produced. When the latter returns to the foetus, its red
cells become agglutinated.

On the basis of the above reaction to the anti-Rhesus serum, the
population can be divided into two blood groups : Rh-positive and Rh-
nzgative. Early it was suspected that these two blood groups depend on
just a single pair of alleles : R or Rh for determining Rhesus-positive, and
r or rh for determining Rh-negative. Population consists of three main
genotypes : RR, Rr, and rr or RhRh, Rhrh and rhrh.

The haemolytic disease or erythroblastosis fetalis has once occurred
during pregnancy of an Rh-negative woman. Often, its severity increases
in each successive prengancy in which the baby genotype is the undesirable
Rhrh. This is true if the father is a homozygous RhRh. But, if he
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is heterozygous Rhrh. there is a 50 - 50%, chance of a normal, rhrh child,
or another afflicted child Rhrh being Lorn.

LETHAL GENES

Lethal genes are those which cause the death sooner or later of their
possessors, usually before reaching their reproductive ages. They are of
three main types, complete lethals, semilethals (or subvitals) and
latent lethals. The complete lethals kill all or nearly all, homozygous
individuals before they reach sexual matority. The semilethals on the
other hand, kill some of the afflicted persons but permit others to survive
long enough to have families. Latent lestals produce their effect late in
life.

Complete lethals

There are two main types of complete .ethals, dominant and recessive.
The dominant lethal genes have been suspected but their possessors die
as soon as they are produced. The yellow mouse case is a good illustration
for such type of genes and so will be discussed here.

Some mice are yellow{but when they are mated together, they produce
yellow and grey oﬁ'springg in the ratio of £ vellow : I grey (Fig. 72). When
the grey offspring are again mated together, they give only grey. This
means that grey is recessive and yellow is dominant and vellow mice are
heterozygous.

P ]
= & b
\

———— N

-‘:‘.q...'.'.y../'t-':-
DIES ~ YELLOW YELLOW
YY Yy Yy

Fig. 72 — A chart representing the linheritance of a lethal gene in mice.
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Since in a monohybrid cross the typical phenotypie F, — ratio is 3 :
1, but, in this case the homozygous yellow mice died in the uterus of their
mothers, medifying the 3 : 1 ratio to 2 : 1 as shown in Fig. 72, then there
must be a Jethal gene which k:lls the mice in the homozygous condition.

A recessive lethal gene can continue its existance in the heterozygote
and in this case only the individuals carrying the lethal gene in the homo-
zvgous state would die.

The following hurran diseases may serve as examples for the effect of
the recessive lethal genes.

1. Juvenile amaurotic idiocy

In this disease the affected child becomes blind, paralysed, mentally
deficient and dies within a short time.

2. Infantile amaurotic idiocy (or the so-called Tay-Sachs disease) :

This disease results in early death of the homozygotes. The genes for
juvenile and infantile forms of amaurotic idiocy have no known effects
in heterozygotes.

3. Sickle-cell anaemia

This disease is caused by a gene with a lethal affect when homozygous.
The name of this disease refers to the sickles-haped red blood cells of the
carriers (Fig. 73). The homozygotes usually die of 2 fatal anaemia before

Fig. 73 — Sickle cells is man, Left, red blood cells from a patient with sickle-cell
anaemia; right, cells from a person with sickle cell trait. (after Neel)
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the advent of sexual maturity. The heterozygotes are healthy people
occasionally showing signs of a mild aniemia. Since the theterozygotes
are indentifiable by means of a microscopic examination of their blooed,
the birth of children with the fatal znaemia could be prevented by
avoidance of marriages among the carriers.

4. Thalassemia (or microcytemia)

In this disease, the gene in the hombozygous condition causes a fatal
anaemia. It was thought to occur chiefly among people native to countries
near the Mecditerranean Sea (Italians, Greeks and Syrians) but is found
also in Persia, India and Thailand.

5. Phenyl Ketonuric Imbecility

In this disease, the urine develops a temporary deep bluish green
colour upon addition of a few drops of a 5%, solution of ferric chloride.
This reaction revealed the presence of phenylpyruvie acid which is excre-
ted by the patients but metabolized in normal persons. All persons who
continuosusly excrete this substance have some degree of mental deficiency,
their muscular reflex reactions are acceatuated, and they have a chara-

cteristic poisture and a dilution of skin and hair pigments. They have a
reduced life and seldom have children.

Semilethai (or subvitals)

The term lethal is usually applied to the killing in early life whereas
semilethal or sublethal {or subvital)is reversed for those ‘conditions which
cause death in childhood or at least before the reproductive age. The
following human diszases may serve as examples.

1. Epiloia

This s a rare disease. Its victims are heterozygous carriers of a gene
that causes a combination of morb.d traits, including severe mental
deficiency, abnormal growths on the skia and tumours in internal organs.

Most persons with epiloia die during childhood. but some of them manage
to survive, marry and beget children.

2. Retinoblastoma

This disease is due to a semilethal gene. It causes malignant tumours
in the eyes and almost always leads to death in early childhood.
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Latent lethals

These are lethal g2nes which may produce effects late in life. Itisa
known fact that there are certzin families in which most individuals are
short lived. This mav be due to latent lethal genes. Also the genes for
hereditary, susceptibil.ty to certain diseases like tuberculosis and diabetes
mellitis may be considered as latent lethals.

SEX-LINKED INHERITANCE

Chromosomes normally occur in pairs in diploid organisms. A
diference, however, was observed between the male and the female sets
of chromosomes in arimals belonging to certain species. This difference
was discovered in only one pair of chromosomes, called the “Sex-chromo~
somes™. the rest being alike in males and females, and are called
‘“autosomes”. In many animals including man, the pair that differs in
the two sexes, (i.e. the sex-chromosomes) is composed in the female of two
rmembers which look exacly alike and which are called X-chromosomes.
However, in the male only one X-chromosome is present; together with
an odd shaped chromosome that has a hook on one end is called the
Y- chromosome (Fig. 74). In this case the male is an XY type and
tae female an XX type. During reduction division, the male produces two
kinds of spermatozoa in equal propertion one kind containing a Y-chro-

PARENTS (P} @ XY 4
1 \
4 1]
I [}

! [}

v
' 1 ‘REDUGCTION — DIVISION \
i
’ { MEI0513)
GAMETLS
~ -
F "-.___\ "-.___‘ - .—:.a’ PR Y
,' h\"n._ .-"'-uu____a—“.-:’ l’ ‘\
[ ‘ S Tt aT, - v
/ PR P S :
: M Y S N
] Ty - - el \
’__—-' \ ‘_,a’ - # bl Y
o X-X Xy XY
9 2 d

Fig. 74 — Inheritance of sex in cither plant or animal of the XY-type,
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mosome and other an X-chromosome. Accordingly the male is called, in
this case, the heterogametic sex. In the female, only one kind of ova are
produced, each containing one X-chromcsorne. Hence this type of female
is the homogametic sex. When a Y-sperm fertilizes an egg, an XY male
zygote is produced. An X-sperm produces on fertilization an XX female
zygote.

The conditions of XY in the male ard XX in the female is the most
common in animals. In certazin animals including some arthropods,
nematodes and mammals, the male ha: no Y-chromosome, but simply
one X-chromosome, while tae female has the normal two X-chromosomes.
This condition is called the XC type.

In certain other animal forms, the femzle was found to be the hetero-
gametic sex. In order to distinguish this type, the name Z-chromosome
replaces the X-chtomosome. In birds, some mammals and a few arthro-
pods, the female contains one Z-chromosome and an odd shaped W-chro-
mosome. Thus, the males would be ZZ. the females ZW. In some species
there is no W-chromoscmes, the females being ZO.

Whenever a gene is located >n the X-chromosome it is called a sex-
linked gene. The horwogametiz sex car have two such genes, while the
heterogametic sex can only have one.

SEX-LINKAGE IN DROSOPHILA

Sex-linkage was first discovared in the fruit fly Drosophila melan-
ogaster. In the somatic cel’s of this fly, there are three pair of autosomes
and one pair of sex-chromosomes Fig. 7 5). In the female two rod-iike
sex-chromosomes are similar (XX). In the male, there is one rod-
like X-chromosome and a Y-chromosome with a hook in one end.

The wild type of Drosophila has red eves. A mutant type with white
eyes was discovered and was found to be caused by sex-linked gene which
is recessive to its allele causing red eyes in the wild type. If W is used as
a symbol for red eyes an:l w for white eyes then the male can only have one
of them. Thus the genotype of tae male s either WY (= red eyes) or wY
(= white eyes). The Y is the symbol for the Y-chromosome which does
not carry the sex-linked zene.  Tke femalz, which contains two X-chromo-
somes, has two of the genes concerned ard the genotype may be WW (=
red eyes), ww (= white eyes).
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When a cross is made between homozygous red-eyed-females and white-
eyed males all the F, are red-eyed, while the F, are in the ratio of 3 red-
cyed males and females : 1 whitecyed male (Fig. 75). This result can be
predicted by the use of two methods as follows ;

(a) First Method by segregation of chromosomes as follows.

Fig. 75 — Sex-linked inheritance in fruit fly (Drosophila). A cross betieen white-
eyed male and red - eyed female. (after Morgan).
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(6) Second Method by ckeckerhoard and gene segregation as
follows :

P, WHITE-EYED MALE RED~-EYED FEMALI
- wY w
178 es n Y " "
~
~

Fy - NS nyY

RED-EYED . RED-EYED

FEMALE MALE \

Fl:gametes /// \\\ \
) o L] Y

male gapele

W X
g W L b4
2l w
Y red-eyed red-eyed
female wale
x
[~]
g oW wY
ol = red-eyec white-eyed
female aale
FZ—GENOTYFE :
Iwo : law ¢ MY : 1 wY
Fz—PHENOTEPE :

1} Two red-cyed [emales
2) One white~eyed male
%) One rec-oyed male

The reciprocal cross between white-eyed females and red-eyed males
gives a different result shown in Fig. 76 and the accompanying diagrams
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and checkerboards. In this cross, half the females and males in the F 2

offspring prossess red-eyes and the other half white eyes as shown in the
Z&llowing two methods :

(a) First Method by segregation of chromosomes as follows :

Fig. 76 — Sex-linked inheritance in fruit fly (Drosophila). A reciprocal crosm
between red - eyed male and white - eyed female, (after Morgan).

(5) Second method checkerboard and gene segregation as follows :
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Pl-gaaetes

F;*Sametes

RED-EYED MALE >< IHI'IE—EYED FEMALE
WY

JAN

w Y

) N

wa wY
FED-EYED IHI‘IE-EYED
FEMALE

AN

male gamete

w Y
-
g Ww wY
1 w red-eyed red-eyed
'® (emale male
*
2 ww w¥
ol ¥ while-eyed white-eyed"
i female male

FE-GENOTYPE :
L ww : 1l wr ¢ 1 WY : wY

F-.=PHENOTYPE :

€ 1) Ons red-eyed female
2) Ooe wh_te-eyed female
3) One red-eyed male
4) One wh.te-eyed mele

SEX-LINKAGE IN MAN

Many sex-linked traits were discover=¢. in man. These include certain
types of night blindness, ootic atrophy, celour blindness, absence of sweat
glands, toothlessness and hairlessness, a b'oad-condition known as haemo-
philia, in which the blood dees not coagu’aze properly, leading to haemor-

rhage, and others.

These zre caused by recessive sex-linked genes.
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Red-green colour blindness 1s an affection causing the inability to
distinguish red from green. It is caused by a sex-inked recessive gene ¢
while the normal ccadition is caused by its alleles C. When a colour-blind
man marries a normal homozygous woman (Fig. 77), only the daughters
will have the colour-blindness gene in the heterozygous form as follows:

COLOUR BLIND
P NORMAL

A

§

>
o |7
Y i cc
 NORMAL

.

éift
H

O

o
Iz

KRR N

Fig. 77— A chart showing the inheritance of red - green colour blindness in o
marriage of a colour blind man and a normal homezygous woman.

cc X cY
normal woman colour-blind man
gametes C X c Y
1 Ce 1 CYy
I normal (hezero- 1 normal son

zygous) daughter
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When a heterozygous woman marries a normal man, about half their
sons will be colour-blind as shown in Fig. 78.

A colour blind woman cc must recei*e ¢ from her father, who would
be cY {colour-blind), and e from her mother, who must be either Cc or cc
(Fig. 78). A colour-blind man inherite this condition from his mother
and never from his father.

NORMAL COLDUR BLIND

=GN
1%
Cec

=

o
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- f ST
7 o - ’ = .
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Fig. 78 — Another chart shcwing the inheritance of red - green colour blindness
in a marriage between normal heterozygow woman and colour blind man.

LINKAGE AND CROSSING OVER

Many genes may be located on the same chromosome and would thus
be linked together like beeds on a string in a single row and in definite
order. These are the linked gemes. Frze or independent assortment is
impossible between linked genes, whichk are not free to assort in different
combinations, but tend to stick together and are transmitted as such from
one generation to the next. Linked genes, however, do not stick together
all the time. During synapsing in reductior: division, a certain percentage
of the chromosomes exchanze homologous parts, thus breaking the linkage.
This phenomenon is called crossing over, and its results differ from those
of independent assortment.
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{(BV){bv) (bV){bv) (BV)(bv) {(bv)(bv)

84:1’9 - E(ofo
CROSSOVER

Fig. 79— A chart showing a case of linkage in “Drosophila* (grey long X

black vestigial).
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LINEAGE AND CROSSING OVER I DROSOPHILA

When homozygous black Iong-winged flies are crossed with homozy-
gous grey vestigial winged flies, the F| are all grey bodies long-win-
ged. If the male F; are backcrossed wi.h homozygous recessive females
(black vestigial) only two kinds of offsprirg are poduced in the ratio of
1 black Iong-winged : | grey vestigial, which are the same types jas the
original parents. This denotes that two kinds of sperms are produced in

‘the F and thus independent assortment could not have occurred.

The b and V genes stayed together ir. the F, and were transmitted
together in the F, gametes to their offspring, because thesc genes are loca-
ted in the same chromosome. Wherever b gozs V would also go. The same
thing happened with B anc v. This may be presented 4ilagramatically as

follows :

P, (bV) (bV) X (Bv) (Bv}
black long grey vestigial
P gametes (bV) (Bv)
(Bv) (bV)
grey long
Back-cross (Bv) (bV) X (bv) (bv)
male grey lorg female black vestigial
gametes (Bv) (bV) {bv)
(bv)
(Bv) (Bv) {bv) grey vestigial |
(bV) (bV) (bv) black long 1

Male F, flies were used in the above bagk-cross to illustrate complete
linkage, because no crossing over occurs in male Drosophila. If in the
above back-cross, heterozygois F, females svere crossed with homozygous
recessive males (Fig. 79), four kinds of «offspring instead of two, are
produced, but not in equa. proportion. The proportion of each of
the two parental types is abcut 429, while each of the two new types
constitute about 8%, of the tctal number of >ffspring. This indicates that
there is exchange of parts during synapsis or in other words crossing over
occurs. Crossing over may ako be explained diagramatically as follows:
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Back-cross (Bv) (bV) X (bv) (bv)
female grey long male black vestigial
gameles (Bv), (bV) (bv)
ROn-Crossover
(BV), (bv) X (bv)
crossover
(bv)
{Bv) (Bv) {bv) grey vestigial 42
(bV) (bV) (bv) black long 42
{BV) (BV) (bv) grey long 8
{bv) (bv) {bv) black vestigial 8

In the accompanying diagram, the chromosome carrying (bV})
exchanges homologous parts with the other member carrying (Bv) in the
F, females, and in this way (BV) and (bv) new gametes could be produced
due to crossing over. The percentage of the types resulting from crossover
gametes ic. the 1569 is called the crossover percentage.. (BV) and
vbv} are called the crossover gametes and (bV) and (Bv) are the non-
Crossover gametes.

LINKAGE AND CROSSING OVER IN MAIZE

In this case, the genes C and c (C for coloured seeds dominant over
¢ for colourless sezds) and the genes § and s (S for full seeds dominant
over s for shrunken seeds) are linked on the same pair of chromosomes.
When homozygous coleured full seeds are crossed with homozygous
colourless shrunkem seeds, the F, are all coloured fulled seeds (Fig.
Bl).

If the male F, are back-crossed with homozygous recessive females
(colourless shrunken), only two kinds offspring are produced in the
ratio of | coloured full : I colourless shrunken which are the types as the
original parents. This denotes that two kinds of male gametes are pro-
duced in the F| and thus independent assortment could not have occurred.
The C and S genes stayed together in the F, and were transmitted
together in the F| gametes, to their offspring because these genes are loca-
ted in the same chromosome. Wherever C goes, S would also go. The
same thing happened with ¢ and s. This may be presented diagramatically
as follows ;
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P, (CS} (CS) X (cs) cs)
coloured fiill T colaurless shrunken
(CS) (e9)
F, coloirred full
Back“cross  (CS) (cs) X (es) (cv)
male coloured full ¢ female colourless shrunken
Gametes {CS) {(cs) I (cs)
(e
(CS) (C8) ( (cs) coloured full
(c9) (es) { {cs) colourlzss shrunken

However, when the crosy was experimentally done, this expectation
was not realized but the following result was obtained :
coloured full 48.2% 1 pcrental
colourless shrunken 48.29 l

coloured shrunken 1.8%
coloured full [.8%,

new
recombinations

In this case, the coloured full and colour'ess shrunken are more frequent
while coloured shrunken ard coelourless full seeds are less frequent than
expected. Now, the parents had coloured full and colourless shrunken
seeds and these are the parental combinations of characters while in the
recombinations, the assceistions of charcaters have changed. This is
because the linked genes have separated amd change of homologous parts
OCCUTS.

Thus, the gene for seed colour, C and for full S, remains associated in
parental combinations in about 3.69%, (sce above). Morgan, ascribed the
combination of linked genes to interchange of parts between homologous
chromosomes, which he called crossing over.

From the above diagram, it could be seer that the chromosome carry-
ing (CS) exchanges homolegous parts with the other member carrying
{cs) in the F, and in this way (Cs) and [cS) genes could be produced.
(CS) and (es) are known as the non-crossover while (Cs) and {cS} are
the crossover gametes.

Evidence of linkage and crossing over ketween two pairs of alleles are
represented in ears of maize (Fig. 81) where most of the kernels show
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COLOURED COLOURLESS
FULL SHRUNKEN

Py @ ] .f;""?-
f COLOURLESS

COLOURED FULL

: SHRUNKEN
\ >/ACK—CROS .

B[ B

COLOURED COLOURIESS COLOU
FULL SHRUNKEN  SHRUNKEN FULL

96.4%/0 3.6%/0
NON-CROSSOVERS CROSSOVERS

Fig. 80 — A chart showing another case of linkage in maize, (coloured
full X colourless shrunken).
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Fig. 81 — Bvidence of linkzge between two pairs of alleles in maize. Above: an ear

resulting from a cros of a heterozygous plant with a double recessive colourless shru-

nken, Most of the kernels show the ‘“parental combinations™ of characters but a few

denoted by X have the new combinations coloured shrunken and coloureless

full. Below, an ear from another heterozygote crossed with the double recessive, In

this case, the recombinations (X) are coloured full and colourless shrunken, {after
Hutschison).

parental combinations claracters {coloured full and colourless shrunken}

but a few designated by X have the recombinations (coloured shrunken
and colourless full).

CHROMOSOME MAPS

A chromosome may be defined as a line on which genes are represented
by points separated by d:stances proportional to the amount of crossing

over, and so it may be referred to as a crossover map.
i

It is based on two assumptions : 1. that the genes are arranged in a
line and 2. the percentagz of crossing over batween two genes is an index
of their distance apart.

Thus, by studying the crossover percentage, genes may be located in
their relative positions along the chromosomes. The most adequate chro-
mosome maps are those for Drosophila melanogaster (Figs. 82 and 83).
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Fig, 82 — A chromosome map, showing the possible arrangements of three genes
only two of the distarces are known.

Suppose we have three linked genes y, m, f (yellow, miniature and
forked) and the total amount of crossing over between y and m is 36%,.
This makes the distance between y and m = 36.

The distance between m and f may be known in a similar manner.
If the total amount of crossover betweenm and f is 20%. This makes
the distance bewteern m and f 20. Then the crossover percentage between

y and f will be either the sum (Fig. 82,1} or the difference (Fig. 82,2) of
two percentages.

m car ? 1 car?
(3) <= T —x ——
50 56 62
m f car
(4 = x >
a6 56 62
— ‘f -
26

Fig. 83 — A chromosome map showing the method of adding a new gene.

Suppose, now we had mapped y, m and f and we want to add a new
genc, say carnation (car); an eye colour gene in the X. |We have to get
a female hybrid for forked and carnation and then make a test-cross. It
has been found that there are about 6%, crossing over between f and car.

Since f is at 56, this would put zar at either 62 or 50 depending on
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whether car was to the right or left of { as shown in diagram (Fig. 83,3.}
To decide between thesz two possibilities we should find the distance of
car from some other gene, say m (miniature wings at locus 36).

If car is at 62 then its distance from m would be 62 — 36 or 26; if at
50, then its distance from m would be £0 — 33 or 14. We should actually
find that car Is about 26 units from m and therefore at 62 (Fig. 83,4).

Thus in order to add a new gene to the map, we might do so by finding
its distance from at least two other genes on the map.

SEX-DETERMINATION

Many attempts have been made to cause an unborn child to be 2 male
_ or female at will. Feeding experiments have been tried on the mother be-
fore the birth of the child. But all such attempts have failed, because they
were started tco late in development: Usually, the sex of the embryo is
determined just afier fertilization.

HEREDITY AND SEX

Sex determinatiot by means of the sex-chromosomes was discussed
under sex-linkage. It may be added here that the Y-chromosome does
not determine sex. In some animals having the XY method of sex-dete~
rmination, such as Crosophila, the Y-chrosomosome may be lacking and
the sex of the individual will still be male.

The theory of gemic balamce assumes that the autosomes contain
certain female-deterrcining genes, and the balance between the autosomes
and the X-chromosomes determines sex. ‘The female determining genes

in a haploid set of autosomes. The relative strength of the two appears to
be about 1.5 to 1.

The sex of the individual, then, is determined by which of the two is
stronger in the zygots=. This theory was proved by testing the effects of
the presence of normal and abnormal numbers of X.-chromosomes and
of autosome scts on sex determination m Drosophila melanogester
(Fig. 84). The following table shows the different results; obtained,
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Fig. 84 — Effect on sex of the balance between X-chromesome and autesomes In
“Drossphila melanogester”,

Table 9. Sexual types in Drosophila melanogaster

Number of Number of Ratio of fernale
X Autosome to male Sex Type
chremoscmes sets tendency
3 2 4.5 : 2 Superfemale
4 4 6 :4=3:2 Female (4n)
3 3 45: 3=3:2 Female (3n)
2 2 3 : 2 Female (2n)
normal case
i 1 1.5:1=3:12 Female (n)
2 3 3 1 3 Intersex
1 2 1.5 : : 2 Male normal
case
1 1 1.5 : 3 Supermale

N.B.: To obtain the ratio in the table, multiply the number of X-chro-
mosomes by 1.5 to obtain the female tendency, and multiply the
number of autosomes sets by | to obtain the male tendency.
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Supermales and superfemales are flies in which the sex characters are
more accentuated. Intersex combines characters of both sexes.

ENVIRONMENT AND SEX

Certain external as well as internal environmental factors were found
to influence sex in some animals.

" 1. Temperature : In certain frogs, where there are chromosomes of
the XY types young tadpoles kept at a temperature of 20°C. develop,
in a normal manner, into approximately equal numbers of males and
females. But, if the young tadpoles are raized at a high temperature
(32°C), they all develop into males regardless of thew chromosomal
constitution.

2. Chemical Stimuli

In the marine worm Bonellia viridis the femnale is large with a slender
proboscis, while the male is small and lives as a parasite in the uterus of
the female. The fertilized eggs develop as free-swimming larvae, which
later settle down and continue their development. Those larvae which settle
on the sea bottom grow into femnales, while those which happen to settle
on the long proboscis of the females become males. It has been suggested
that a chemical substance (przbably hormonal) is secreted in the proboscis
of the female and determines the maleness of the larvae settling on the
proboscis. The male passes into the body of the female and settles finally
in the uterus, where it lives its life parasitically, fertilizing the eggs as they
are laid.

3. Metabolic Rate

In general, metabolic rate differs in the two sexes of any animal species.
It has been possible to increase metabgelic rate .n rotifers by a change of
food and by an increase in oxygen consumption. This led to the produc-
tion of males rather than females.

4. Hormones

In vertebrates, the primary gonads in addition to being producers of
gametes, they also secrete sex hormones. These influence sex-determination
during embryonic! developmen: leading to the full development of both
primary and secondary sexual characters. Any significant alteration in
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the production of sex horomones may lead to a corresponding change in
sexual characters. Intersexuality or even complete sex reversal may
result from hormonal imbalance.

INTERSEXUALITY

+ Intersexes are individuals which exhihit characteristics intermediate
hetween the two sexes. There seems to be a gradual transition from the
normal female through the different forms of intersexuality to the normal
male. Genic imbalance may cause intersexuality (Table 9). Abnormal
changes in hormone production, due to disease or other causes at certain
stages, may lead to intersexuality. There are several types of intersexuality
of which the following may be mentioned.

1. Hermaphrodism

This is one form of intersexuality in which male and female primary
gonads are present together in the same individual. True hermaphro-
dism is rare in bisexual animals {including man).

2. Psendohermaphrodism

This is the common type of intersexuality in which only one kind
of primary gonads (male or female) is present, but secondary sexual
characters or both sexes occur in the same individual.

3. Gynandromorphism

This is’ a condition in which the affected individual contains female
tissue in one part of the body and male tissue in another due to chromo-
somal abnormalities that oceur during embryclogical development. The
relative amounts of male and female tissues may vary. One type of gyn-
andromorph is bilateral, having one side of the body male and the other
side female. Such an individual could be produced from an XX zygote
in which during early development one of the X-chromosomes from a
cell was lost by an accident of mitosis. The cells deriving from this cell
would have but one X-chromosome and would be male, whereas the cells
retaining two X-chromosomes would be female. The proportion of male
tissue would depend to some extent upon the stage of development at which
the aberration occurred. If it were enough the result would be a bilateral
sex mosaic, or gynandromorph. Cases of human gynandromorph of
the bilateral type have been reported.
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MUTATION

The permanent change in a gene is known as mutation and the new
type of plant or animal, as a mutant. Mutation has no noticeable effect,
at the time it occurs, because it iz at first confined to one cell. But if the
mutation takes place in a sperm ¢ an egg or in a cell that is ancestral to
a sperm or an egg, the mutated gene might be passed on to an ofispring
and from this a new race might be derived which shows the mutant trait
such as white eyes instead of red in the fruit fly, Drosophila melanoga-
ster which is very favourable for the study of mutation.

As a matter of fact, millions of Drosophila have been studied

Fig. 85 — Four mutants of “Drosophila nel2ngoaster” ; (a) vestigial wings, (b) curly
wings, () rotated abdomen and (d) bithorax



.245

by research workers in the laboratory and it has been observed that occasi-
onally new mutants arise. For instance, the normal wings may be changed
to vestigial or curly, and the abdomen from straight to rotated and the
¢yes from normal round to bar as shown in Fig. 85.

Also in the latter part of the eighteenth century, there appeared a male
lamb with short, lowed legs in the flock of an English farmer who reared
it and breed from it the “ancen™ breed of sheep with short legs. These
sheep could not jump over an ordinary stone fence (Fig. 86).

Fig. 86 — Ancon (short-legged) mutation in sheep (ewe in center, ram at right)
compared with a normal ewe at left.

In the same way, hornless individuals appeared in breeds of horned
cattle. Racing horses, double-toed cats, albino-rats have appeared after
mutations. A mutaion in man is shown in Fig. 87. It is a recessive
mutiation called “albinism™ in 2 pair of identical twins.

In some cvents, mutations can have the most drastic effects such a
deformed skeleton in a chicken, an unstable nervous system in “waltzing”
mice and so on. Yet mutation are not always drastic as such, as in other
cases many have very slight effects. For instance, in the fruit fly, it has
been found that mutation might cause the eye colour to become slightly
ligther than normal, the wings slightly sherter, the bristles slightly thinner
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and so on. Morcover, mutation are not always deletorius. The increased
speed of the thoroughbred horse in modern times is almost certainly due
to mutation and this is of great use to animal breeders.

Fig. 87 — A recessive mutation.  Albinsism, in a pair of identical twins, {From Rife,
Schonfeld ard Hunstead in Journal of Heredity)

FORMS OF MUTATION

Mutation may be due 0 a change in a gene {genic mutatien) or in
the chromosomes (chromosome mutation). Chromosome mutations
are called also chromosome aberrations.

GENE MUTATION

Most genes are exceecingly stable. However, genic mutations occur
at certain low rates. They comsist in minor chemical changes in the genes
concerned. Genic mutatisns have the following features :

1. Different genes have different rates of mutation.

2. Mutation may occur at any stage in the life history of an organism.

3. A genic mutation is a change in a gene, not the loss of a gene, and
may be dominant or recessive, or neither.

4. More than one change may occur in a given gene producing mul-
tiple alleles, which whilz usually affecting the same character in different
degrees, they may affect different characters.
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. The changes in genes appear to be chemical processes.

5

6. Genic mutations are usually harmful to the organism.
7. Genic mutations are usually recessive to the wild type.
8

. Mutations do rot ordinarily occur in more than one gene at a time.

9. Two identical genes at corresponding loci in a pair of chromosomes
mutate independently, just as different genes do.

10. Mutations with slight effects, {e.g. polygenes) are much more com-
mon than those with marked effects.

11. Radiations lite X-rays, radium rays, ultraviolet light, etc., may
greatly increase the natural mutation rate, (i.e. they act as mutagens).

12. Certain chemicals also serve as mutagens, (e.g. mustard gas). Both
radiations and chemical mutagens are used in artificial production

of mutation.

CHROMOSOME MUTATION' OR ABERRATION

Chromosome mutation may be structural or numerical.

(a) Structural Chromosome Aberration

The delicacy of chromonemata in certain stages of interphase and
prophase facilitates the production of various aberrations since in many
instances the filaments come in contact. This makes possible the breaking
and joining of the chromosome, giving rise to a different organization of
the parts as follows :

(i} Deficiency or Deletion

This consists in the loss of a part of a chromosome which contains one
or more genes. (Fig. 88a). The missing piece is lost during gametogenesis.
A deletion in a chrcmosome with genes AB G D may become A C D.
Deficiency may occur in the heterozygous form in an individual. An indi-
vidual with homozygous deficiency, (i.e. with similar parts missing from
both chromosomes of a homologous pair) ean rarely survive. Genetically,
a deletion of one genz behaves like a recessive gene in the presence of the
dominant allele. In deficiendy heterozygotes, the pair of chromosomes
{(of which one memter shows deficiency) forms a buckle at the point of
deficiency during pachytene of meiosis as in Fig. 88 a.
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Fig, 88 {g) — Chromosome iberration : deficiency

(i) Duplication

This is the reverse of deficiency. An extra segment is added to
the chromosome during gametogenesis (Fig. 88 b). This segment may
contain one or more genes from a homolsgous or non-homologous chromo-
some. Thus a chromosome with the genes ABCD becomes ABG HC
D. Cytologically, a similar configuration to that of deficiency is produced
during pachtytene in the duplication heterozygote.
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Fig: 88 () — Chromosome L | f
aberration : duplication.
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(iii) Inversion

Within a chromosome, a bleck of genes may rotate by 180 degrees.
For example, 2 chromosome with genes in the order A B C D may change
to ACBD (Fig. 86 c¢). Inversion can be, detected genetically by the

abnormal linkage relationships, and sometimes by the absence of crossing
over.

1t TRT
1§ -
A A A A
S H 2R
8 B B c
-1 = =
c G c 5 )
0 ¢} D D
J U rw

Fig. 88 (;) — Chremosome aberration : duplication.

(iv) Translocation : (also called segmented interchange)

This isl an exchange of parts between non-homologous chromosomes
to form two new ckromosomes. For example, if the original chromosomes
were ABCD and E F G H, the new ones may become AB G H and
EF CD (Fig. 88 d). Translocation can be detected genectically by the

58 88 ¢
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J
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Fiz. 38 {d) — Chromosome aberration : translocation.

"I"
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abnormal linkage relationships. Cytologically, chromosomes with trans-
location may produce cross-shaped consiguration as shown in the diagram.

(#) Numerical chromosome aberratians

I) Heteroploidy

Changes involving the number of chromosomes in a set. One chromos-
ome may be lost from a diploid set, making the chromosomes 2n-l
or added to the diploid set, making them 2n + 1,2, etc.

IT) Polyploidy

This involves addition of one or more whole chromosome complements
to the diploid set (2n), changing the organism to a triploid (3n), tetraploid
(4n), pentaploid (5n), etc. Polyploidy is rather rare in animals, but is sup-
posed to play an important role in the evolution of plants.

PRODUCTION OF ARTIFICIAL MUTATION

Mutation can be produced artificially by the following agents :

I, X-rays
X-rays were able to produce practically all the different kinds
of visible mutations in Drosophila.

2. Ultraviolet Light
This type of light is very effective in producing mutations in
Drosophila.

3. Mustard Gas

This gas is a very powerful mutagenic agent. When mustard gas is
administered in the proper dose¢ to adult Drosophila, it produces
mutations as high as 109 or even more. It yields all categories of
mutations, e.g. lethals, visibles and chromosomal arrangements.

4. Chemical Mutagens

A large number of chemicals have been found to be mutagens, ie.
capable of preducing mutation. The most important of these are pero-
xides, formaldehyde, permanganate, urezhane, and caffeine.

Most chemical mutagens other than mustard gas and peroxides
produce only a very small percentage of mutation and many of them are
effective in certain animals and not in the others. Or, they are effective
only at certain stages of mitosis or at certain stage of development or even
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in one sex but not ths other (formaldehyde is effective in the male Droso-
phila but not in the female).

DETECTION OF LETHAL MUTATION
The CIB method

This method is a standard technique for detecting new lethals only in
the X-chromosome of Drosophila (Fig. 89). It involves the use of females
in which one X contains a crossover suppressor (Q), a recessive lethal
(1) and the dominar.t gene Bar eyes {(B). The other X is normal. Such
flies are known as CIB females.

cLa TREATED
XX X
Y
C
1 X
8
ANY MALE

C
! X
B

v

c
LI
8
DIES DIES 1F X

CONTAINS A LETHAL

Fig 89 — The CIB method of detecting lethals.
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‘v Males afe treated with X-rays and mated to CIB females. In F| the
Bar daughters contzin the CIB chromosomne (derived from their mother)
and the treated X (derived from their father).

When the Bar daughters are crossed to any male, half their sons (F,}
receive the CIB chrcmosome and die and the other half receive the treat-
ed X and they also die if the treated X contains a lehal. Butall the F,
daughters survive siace thev receive a normal X from their father, any
male.

Hence, if an F; CIB female produces daughters but no sons we should
conclude that the t-eatment has produced lethal father.

This experiment must be accompaniec by a control in which males
are not treated. So if the rumber of lethals in the treated series is more
significant than that in the control, then we should conclude that the trea-
tment has produced lethal mutation.

If the treated X kad contained a visible mutation (such as white eyes)
then the mutation weuld shew in the F, soas that received the treated X.
Hence the CIB method can be used for detecting visible mutation as well
as lethals.

GENETICS AND ANIMAL BREEDING

The main purpose of animal breeding is the raising of improved type
of domestic animals which can yield larger amount and better quality of
eggs, milk, wool, meat, etc., than the existing types. As all these characters
are inheritable, a gocd knowledge of genetics is essential for -he breeder
of animals.

SELECTICN

One of the most powerful tools in the hands of animal breeders
is artificial selection. This consists in the choice of better animals, and
mating them together in order to produce desirable offspring. This kind
of selection is called, positive selection. Negative selection signifies
the elimination of undesirzble individuals.

Selection against a dominant undesirable character is easier than
against a recessive one.  This reason is that both homozygotes and hetero-
zygotes exhibit the dominant character and can be easily eliminated. In



253

case of a recessive character, getting rid of those individuals exhibiitng
it does not eliminate the character. This is because the heterozygotes are
indistinguishable and survive fo the next generation.

Selection does not create anything new. It merely sorts out, isolates,
recombines and differentially preserves the genes responsible for the chara-
cters selected. Two types of selection are known : phenotypic and
genotypic selection.

. Phenotypic Selection

This type depends on the appearance of the trait in the individual
disregarding its actual genetic consititution or genotype. Phenotypic selec-
tion is not effective enough to attain improvement, because the transmit-
ting ability of the animal does not depend on its own merits, but on the
genes that it carries.

2." Genotypic Selection

This is a type of selection based on the genotype of the individual. It
is of greater value to the animal breeder than phenotypic selection. The
economic characters in animals such as milk and egg production are con-
trolled by a large number of polygenes. This makes it impossible to know
the exact genotype of the animal. However, if the merits.of the progeny
(offspring) of a certain animal are known, its actual transmitting ability
becomes also known. This is called progeny testing, and is considered
the best method of selection. It gives an idea about the quality of the genes
transmitted by the tested animal.

B) INBREEDING

By inbreeding we mean the mating of closely related individuals.
There may be various grades of inbreeding depending on the closeness of
the relationship, variation of self-fertilization in few lower anim«'.ﬂs,
through brother-sister mating to the mating of distant cousins. Inbreeding
increases rapidly the homozygosity of the population as it isolatcs-}?urc
lines of families. However, it brings to light the homozygous conditions
of any recessive genes which may have been carried in the heterozygous
state in the stock. ‘The simplest illustration of this fact is given below :

Aa X Aa.
F, 1AA: 2Aa:1l aa
or 1/2 AA, 1/2 Aa, 1/2aa.
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One half of the progeny produced by the above mating are homozygous
and one half heterozygous. Thus homozygosity was increased by inbreed-
ing the F, individuals. Tke undesirable characters which might appear
as a result of recessive geae for example, may then be eliminated by
selection.

VARIATION

Veriation is the tendency of related organisms to differ from each
other. It may be either clear and significant as tallness and dwarfness
in peas or it may not be clear as irregularities in the arrangement of
teeth. It may be alko quantitative as difference in weight, length and
height or qualitative as difference in colour and shape.

CAUSES OF VARIATIONS

There are two types of variations : environmental variation and
hereditary variation. The former is caused by the external influences
on the individual and this is not inherited. The latter is caused by some-
thing within the nucleus and is inherited.

Environmental variations

These variations may be externmal or intermal

(2) Extermal environmental variations
The chief external environmental factors are food, temperature, light,
humidity, etc.

1. Food

Differences in the amount of food usually leads to differences in size-
Absence of certain elements in food causes certain diseases, e.g. deficiency
of vitamin D and C from fooc in man are the main causes of rickets.

2. Moisture_]

In case of Drosophila, the colour of the body is either grey or black.
It becomes striped when the Insect is brought in humid atmosphere.

3. Light

When some aphids are kept in continuous light, they become wingless
but when they are exposed to atlernative light and dark thev become
winged,
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4. Temperature

When Primula plants are kept at 20°C. they produce red flowers but
if they are kept at 35°C., the p.ants produce white flowers.

(5) Internal envirormental variations

These are mainly due to the endocrine glands which are only found in
animals. Such glands secrete hormones which regulte or control the activity
of certain organs or systems of the body. The pancreas secretes insulin
which controls the amount of blood sugar. The absence of such hormone
causes diabetes, Also the testes and ovaries secrete sexual hormones by
means of which the male and female sexual characters appear. Deficiency
or disturbanee in suct hormones may lead to the changes or even disap-
pearance of such secondary sexual characters.

Hereditary variatioms
Such variations are caused by some things in the nucleus itself. They
are of two types :

1. Genetic variations

These variations are inherited through the gametes.

2. Somatic variations
These variations are inherited through the somatic cells. They may

be due to somatic mutation. The desirable somatic variations are always
propagated vegetatively.

Hereditary variation may be due to :

(¢) Gene mutation : which may be due to sudden and permanent,
change in the phvsiology or chemical nature of one or more genes.

($) Chromosome matation : which may be due to change in number
or shape of the chromosome,

e.g. Some ind viduals may have a number of chromosomes more
than the diploid and are known as polyploids. They show an increased
size. Such mutaticn can be induced by certain chemicals.

(¢) Recombination in which there is nothing new but except new
arrangements or interactions of factors which have been previously
described,
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HUMAN GENETICS OR EUGENICS

This branch of science deals with the improvements of human race.
Its aid is to decrease the inherited defects of man and to increase the useful
qualities. The former is calied negative eugenics while the latter is refer-
red to as positive eugegpics.

A} Negative Eugenics
This can be carried out by :

1. Sterilization

Persons with undesi-able inherited. characters are treated surgically
to prevent their possible parenthood.
2, Marriage Regulation

Certain states of Ameriza have laws for forbidding the marriage of
certain diseased persons, e.g. epileptics, idiots, and insane.
3. Control of Immigration

There are some immigration laws in certain countries wich do
not accept those who have some inherited undesirable defests. But the
weak point of such imm _gration laws is that they depend mos:ly on pheno-
typic characters rather :han on genotypic ones.
B) Positive Engenics

These can be carried out by:

l. Intelligent mate selecton

In choosing the mates, intelligence is only the guide.
2. Removal of Social Hinderance
There are many conditions which ac: non-eugenically. These are :

(a) Late marriage : this may be due tc the high cost of living. In this
case, much of the best germplasm is often withheld from circulating
until it becomes too little to produce succeeding generation.

(6) Enforced celibacy in various religions.

{¢) Lack of opportuniry to develop causes waste of much good human
characters.
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Premature death cither due 10 war or accidents or disease acts non-
cugenically. e.g. during war the brave and wellfit persons go to fight
while the unqualified stay at home and reproduce the succeeding
generation. It is the task of :he society to safeguard the population
from war, diseases, accidents and atomic radiation.

QUESTIONS

. Define genetics in your own words.

. Describe the different kinds of chromosomal aberrations.

. Describe the structure, composition, and functions of genes.

. Define and give examples of : alleles, loci of genes, chromosome map.

. Define with examples : dominant, recessive, homozygous, heterozy-

gous, synapsis, phenotype ratio, genotype ratio.

. State and give examples of Mendel’s laws.

. Explain and give examples of monohybrid crosses, dihybrid crosses,

trihybrid crosses in animals.

. What is the value of the checkerboard (Punnett square) in studying

genetics ?

. Explain with examples : complete dominance, incomplete dominance.

10.

Discuss multiple genes and interaction of genes, describing each type
with examples of each.

Discuss lethal genes and the results of their presence, including
examples.

What are the chief causes of mutations ? What are their chief chara-
cteristics and what benefits may be derived from them ?
Explain the phenomena of linkage and crossing over, with the results

which follow in each case.

Explain how a chromosome map might be constructed from properly
collected data.

. Explain how sex is determined genetically in plants and animals.
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16.

17.
18.
19,

20.

21,
22.

23.

24,

25.

26.

27.

What has this to do with heredity ? Explain with examnples: sex-linked
traits, sex-influenced traits.

In what ways zan hybridization be of practical importance ? List
several examples to prove your point.

Define with examples : gynander, hermaphrodite, intersex.
Define with examples : hybird, pr.'xre line.

Discuss variations, including causes, effects, inheritance, and various
classifications of them, including examples of each.

List several human traits, including the dominance or recessiveness
of each.

Explain how sex is inherited in man.

Explain some of =he difficulties which might be encountered in study-
ing human heredity.

Explain the importance of family trees (pedigrees) in studying human
herediry.

Explain multiple genes and interaction of genes in human beings,
with examples.

Explain lethal genes in human beings, with examples,

PROBLEMS

NOTE : In poultry the genes for rose comb, R, and pea comb, P; if
present together, produce walnut comb. The recessive alleles of both,
when present together in homozygous condition, produce single comb.

What will b= comb character of the offspring <f the following
crosses, in whick the genotypes of the parents are given :

Rr Pp x Rr Pp RrPp x Rrpp
RRPp x 1 Pp Rrpp X rr Pp
r PP x Rr Pp Rrpp X Rrpp

Work the following prablem in peas the following : T, tall plant;
t, dwarf plant, Y, yellow seed; y, green seed.

Work out the entire monohybrid cross using the proper symbols
and carry through to the F, generation in each case {1) homozygous
tall X dwarf (homozvgous); (2) heterozygous tall X heterozygous tall
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29.

30.
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32.

33.

34.
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In mice, what will be the coat colcur of the offspring of the following
crosses, in whizh the genotypes of the parents are given : (C, funda-
mental colour gene, A, agouti; B, black).

Cec Aa Bb X CC aa Bb

NOTE : Assume that in the following families, the allele for brown
eyes in dominant to that for blue.

{a) A Brown-zyed man marries a blue-eyed woman, and they have
eight children, all brown-eved. What are the genotypes of all
the individuals in the family ?

{6) A blue-eyed man both of whose parents were browneyed marries
a brown-eyed woman. They have one child, who is blue-eyed.
What are the genotypes of all the individuals mentioned ?

What will be the phenotype,as to blood groups, of offspring of
parents of the following genotypes for blood groups : I*i x 1% and
1B x 1%

If a person of blood group AB marries one belonging to group O,
what will be the blood groups of their children ?

In the two following cases of cisputed paternity, determine the
probable father of the child.

(@) The mother belongs to groug B, the child to O, one possible father
to A, and the other to AB.

{6) The mothzr belongs to group B, the child to AB, one possible
father to A, and the other to B.

In the choice of donors for blood transfusion, a patient’s brother or
sister is often selected. Would these be more likely to be successful
donors if both parents belonged tc blood group AB or if both belo-
nged to group O ? Explain.

In Drosophila, vestigial wings, v, are recessive to the normal long
wings, V, and the gene for this trait is not in the sex chromosome. If
a homozygous white, long female is crossed with a homozygous red,
vestigial male, what will be the appearance of the F; of the F,; of
the offspring cf a cross of the F| with each parent type?

. A girl of normal vision whose fatker was colour-blind marries 2 Man

of normal vision whose father was also colour-blind. What type of
vision can be expected in their offspring ?
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36. A colour-blind man marries 2 woman of normal (vision. They have
sons and daughters, all of normal vision and all of whom marry persons
of normal visicn. Where among the grand children may colour
blindness be expected to appear ? If there are cousin marriages among
these grandchildren, where among their offspring may colour blin-
dness be expected to appear ? (All persons of normal vision mention-
ed are homozygous).

37. Note : In Drosophila the mutant known as “black”, b has a black
body in contrast to the wild type, which has a grey body; and
the mutant “arc”, a, has wings that are somewhat curved and bent
downward, in contrast to the straight wings of the wild type.

From the data below, calculate the crossover valuz between black
and arc.

I — Black straight x grey arc.

F, x black ar: gives :

Grey straight 281 .
Grey arc 335
Black straight 335
Black straight 335
Black arc 239
II — Black are x wild type
Grey straight 1,641
Grey arc 1,251
Black straight 1,180

Black arc 1,532
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INTRODUCTION

There are more than one and half million species of living organisms
inhabiting the edrth. These organisms are classified into groups according
to certain criteria which may be anatomical embryological, biochemical
and recently molecular approach=: are being used, as well as the use of
computor metkods for ascertaining caleulation of similarity.

Classification of animals was tried by Aristotle (384-322 B.C.) who
attempted to ¢lassify animals on the basis of structural similarities between
them. Linnaeas (1707-1778) int-educed a general method of classifica-
tion and published his work in *Systema Naturae.” He divided living
organisms into Plant and Anima! Kingdoms, and classified each King-
dom into phyla; the phyla into :lasses; the classes into orders and the
latter into families; the familties into genera and the genera into species.
On the basis of morphologic distincdons and genetic implications a speices
is now defined as ““a group of organisms of interbreeding natural popula-
tions that are reproductively isalated from other groups and that share
in common gene pools”.

Each of the above mentioned divisions (phyla, classes, orders etc.)
may be subdivided into other subdivision such as subphylum, subclass,
grade, order etc.

Linnaeus has also used a special system of nomenclature to each
individual organism. He used two names for each organism, a generic
name beginning by a capital letier and a specifiec one beginning by a small
letter. Such nzming of organisms is termed “hinomial nomenclature®.
However a species may be divided into snbspecies in which three names
are used i.e. trinomial nomenckture”. In some subspecies there are
more than a variety and the nameis written in four names i.e, quadrino-~
mial nomenclature. It should be noted that names of organisms are
usually written in Latin.

According to the above menticned system, the taxonomic (or syste-
Tatic) positions of man, cat, anc toad are as follows :

263
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Examples of classificatien of animals (Kingdom .Amimalia)

Man Cat Egyptian toad
Phylum Chordata Chordata Chordata
Subphylum Vertebrata Vertebrata [ Vertebrata
Class Mammalin *Mammalia Amphibia
Subclass Eutheria Entheria Salientia
Order Prim-=tes Carnivora Anura
Suborder Anchropoidea | Fissipedia _
Family Hominidae Felidae Bufonidae
Genus Horwo Felis Bufe
Species sapizns domestica regularts

The name of the author who first described the species may be placed

after the scientific rame.

For inatance

the name of

the common

Egyptian toad is written : Bufo reguiaris Reuss, where Reuss is the name
of the first author. If the species has been moved to a different genus, the
name of the author is wrirten in parentheses.




BASIS OF ANIMAL CLASSIFICATION

Animal classification is based on some basic factors which include the
following :
1. Presence or ahsence of cellular differentiation

Animals formed of a mass of protoplasm not differentiated into cells
and in which cellular level of organization is found are called Protozoa.
Animals whose body is made u> of a large number of cells and which
show higher levels of organization are called Metazoa.

2. Types of symmetry
Animals may be spherical, radial, biradial, bilateral and asymmetrical.

3. Number of germ layers.

One the basis of this numter, Metazoa were divided into the follow-
ing groups :

{(a) Diploblastica whose bodies are made up of two germ layers.
ectoderm and endoderm as in Coelenterata.

(b)) Triploblastica with threc germ layers. ectoderm. endoderm and
mesoderm,

4. Type of bedy cavity

Triploblastic metazoa are generally divided into the following three
subgrades according to the narture of the body cavity.

(a) Acoelomata — without a body cavity. The mesoderm forms a
solid mass between ectoderm and endrom as in flatworms.

() Pseudocoelomata — with a body cavity, which is not coelomic,

found between the ectoderm and endoderm and is ot lined by any
membranes as in nematodes,

{(¢) Coelomata — with a well developed body cavity called the coelom
which is lined by the mecoderm as in amnelids.

5. Presence or absence of segmentation

In many coelomates the body is compeosed of number of segments.
each of which have the same fundamental plan with or without variation.

15853
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Segmentation is pronounced in annelids, (e.g. earthworms); arthropods
(e.g. insects) and vertebrates. In higher coelomates, segmentation is
obscured and in man, for examgle, it is only represented by the verte-
brae and spinal nerves.

6. Unique features

These are characteristic to one phylum of the animal world as the
presence of nematocysts in coelentrates.

On the above mentionzd basis and others which are mainly evolution-
ary and embryonic, the Animal Kingdom is classified according to
some authors into :

Subkingdom 1. Pretozea — azellular organisms.
2. Metazea — cellular organisms.

Metazoa is divided into two branches :

Branch 1. Parazoa with a high Eevel of organization but without organs
or organ systems.

It includes Phylum Porifera (Sponges).

Branch 2. Eumetazoa character-zed by the presence of tissues, oigans
and systems. It is divided in-o :

Grade 1. Radiata with radial symmetry. It includes Phylum Coelente-
rata and Ctenophora.

Grade H. Bilateria includirg amimals with bilateral symmetry, with
elongated bodies and = head. It includes the following subgrades :

1. Acoelomata which includes phylum Platyhelminthes (flatworms),
2. Pseudocoelomata. includimg phylun Aschelminthes,

3. Eucoelomata, including all the other phyla, i.e. Annelida, Arth-
ropoda, Mollusca, Echinodermata and Chordata.

As a matter of fact, it is rot our intension that this part of the book
should compete with any text-bodk of raxonomy. It is meant to be an
introductory course of systematic invertebrate zoology which would be
of great benefit to prephzrmacy and preveterinary and perhaps, science
students of the first and second years.

In view of the recent advances in biology it was found that the designa-
tion of all organisms as eizher plaats or animals is inappropriate. One of
the recent classification systems groups organisms into five principal King-
doms on the basis of levels of structural organisation and patterns of
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nutrition to conform to current biochemical and evoluntionary evidences,
These five Kingdoms are :

Kingdoim MONERA

1. lacks plastids. mitochondria and complex flagella.
2. without well defined chromesomes and mciear membrane.

3. nutrition by absorption or autotrophic (photosynthetic or chem-
osynthetic) : saprophytic or parasitic.

4. reproduction entirely asexual by binary fiss’on ie. no gametes are
formed.

5. locomotion absent or by sirmple flagella.
Monera includes bacteria and blue-preen algae.

Kingdom PROTISTA

This term was introduced by E. Haeckel to include all acellular (unicel-
lular) organisms neither plants nor animals. Protistans are characterised

by :
1. well defined chromosomes, nucleolei and nuclear membrane.
2. it may contain plastids.

3. nutrition autorotrophic (i.e. photosynthetic); heterotrophic as sapro-
phytic, holotrophic or parasitic.

4. reproduction cither asexual or sexual by formation of single-celled
gamete.

5. solitary or colonial acellular organisms.
Protistans include protozoans, and diatems,

‘Kingdom FUNGI
1. multinuclealed cells with true nuclei.

2. no plastids or photosynthetic pigment.

3. nutrition by absorption, some members (slime molds) engulf or
ingest their nutrients.

4. reproductive cycle include both sexual and asexual processes.
This Kingdom includes slime moldo and truwe fungi.

Kmgdsm PLANTAE

It includes multicellular organisms which contain photosynthetic
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pigments in specialized organelles called plastids. This Kingdom
characterised by :
1. most if its members has a photosynthetic mode of nutrition ; few
are parasitic or partly absorptive.
2. reproduction is mainly sexual; and gametes are multicelleular with
alternation of hapleid and diploid generations.
3. mostly non motile.

Plantae include red, brown and green algae and all higher plants,

Kingdom ANIMALIA (METAZOA)

l. multicellular animals with true nuclei but lack plastids and photo-
synthetic pigment.

2. holophytic (i.e. heterotrophic) mode of nutrition.

3. reproduction is typicallv sexual by the formation of gametes in
multicellular structures.

4. all animals have devcloped a sensory-neuromotor system and
motility based on a cortractile mechanism.

This Kingdom includes all multicellular animals and is divided into
three Subkingdoms :

Subkingdom I. Agnotozea including phylum Mesozoa which are
worm-like parasites.

Sabkingdom II. Parazoa which include phylum Porifera consisting
of sponges.

Subkingdom Il Eaxametazoa — with advanced multicellular organi-
zation and tissue differentiaticn.  Eumetazoa include all other higher

animals.

Subkingdom PROTOZOA
Phylum PROTOZOA

Protozoa is a group of heterogenous microscopic animals characterised
only by their acellular structurz. They exhibit all types of symmetry, a
great range of strutural complexity and adaptations for all types of enviro-
nment. Also, they should not ke thought as the equivalent of a single cell
of a multicellular animal. A protozoon is a complete organism which car-
ries out all the functions of life. Hyman (1940) termed them acellular and
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not unicellular. Although there are no organs or tssues. parts of the proto-
plasm are specialized to form organelles which perform various functions.

Protozoa occur wherever moisture is available. In other words, they
may be found in soil, fresh or sea water. They are either free living or
parasitic, commensal or symbiotic where :hey exchange mutual benefit
with other organisms,

Most Protozoans are solitary individuals yet there are numerous
colonial forms such as Valuox which attains a degree of interdependence
that they approach true multicellular level of siructure. Both solitary and
colonial species may be either free-moving or sessile.

Most protozoans are microscopic, although few are big enough to be
seen by the naked eye (large amocbas, 1| mm. long; Spirostemum 3.0 mm.
long).

The protozoan body is usually surrounded by a thin flexible or rigid
cellular membrane. This membrane mzy be surrounded by non-living
external covering or shell which may be simple gelatinous or cellulose
covering or composed of inorganic and organic materials. The part of the
cytoplasm underneath the cell membrane is clear gelatinous cytoplasm
called ectoplasm in contrast to the more fluid internal endoplasm.
Both ectoplasm and endoplasm are merely different colloidal states of cyto-
plasm and are reversible. The nucleus may be large containing consider-
able amount of nucleoplasm or may be compact with dense chromatin
material.

The locomotory organelles of Protozoa are varied and are used as
a basis for its classifidation into the following subphyla :

1)  Subphylum Mastigophora — flagellate  Protozoa.  using
flagella.

II) Subphylum Sarcodina — amozboid Protozoa, using
pseudopodia.

111) Subphylum Ciliophora — ciliate Protozoa, using cilia.

IV) Subphylum Sporozea — without special locomotory
organelles.

Most Protozoa are characterised by water balancing structures called
contractile vacuoles which act as pumps to remove excess water from
cytoplasm. One or more vacuoles may be present within the animal.
Contractile vacuoles may take part in excretion. Their position and
structure vary within the different classes. They are most common in fresh-
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water, protozoa. However, these vacuocles may be present in some marine
groupes.

Modes of nutridon

1. Autotrophkic (self-nourishing) in which organisms synthesise their
food by the use of water, carbon dixoide, inorganic salts and a source of
energy. There are two main types of autotrophs : (¢) photosynthetic
as in green plants, (&) chemosvnthetic, as in few bacteria which make use
of energy obtained by oxidizing certan inorganic substances.

2. Heterotrophic organisms live at the expense of autotrophs or upon
decaying organic matter. There are several types of heterotrophic nutri-
tion, l.e.

{z) holozoic which ingest complex s-ganic food stuffs.

(b) saprophytic nutrition involves dirzct absorption of dissolved organic
matter through the cell memhrare,

{¢) parasitic when the parasite lives at the expense of its host and absorbs
its nourishment from it.

Digestion takes places iniracellula-ly inside food vacucles which at
the beginning of digsstion are small and acidic. then enzymes are secreted
in an alkaline medium and the food vacuoles increase in size. Digested
food is absorbed and undigested remrants are egested to outside.

Respiration takes place by diffusion of oxygen through the cell
membrane. Many protozecans such as those living as parasites in the dige-
stive tract of other animals or those who live in active decomposing matter
can exist with little or without oxygen. Some protozoans are facultative

anaerobes, using oxygen when present but capable of anaerobic respiration.
Others die when exposed to oxygen.

Execretion takes place by diffusior. of metabolic wastes through the
cell membrane. Ammenia is the main nitrogenous waste product.

Reproduction is of two main types as follows :

1, Asexual reproduction which occurs in all protozoans. It may take
place by :

(a) binary fission when the animal is divided into two equal daughter
cells.

(¢) mualdple fission or schizogony where the individual divides into
a number of Caughter individuals.



271

() budding, when one or more much smaller daughter individuals are
produced.

2. Sexual reprodction which involves fusion of gametes which may
be indentical, isogametes; or different in size and structures anisoga-
metes. Meiosis occurs during the formation of gametes. In ciliates
gametes are not formed and exchange of nuclei takes place between two
individuals in a process called conjugation.

Encystment is also characteristic of the life cvele of almost all proto-
zoans. During this process the protozoan arimal secretes a protective eyst
which is resistant to desiccation, change of temperature and other unfavo-
urable conditions. Cyts help the animal to overcome severe environmental
conditions. In addition, cysts are used as a means of dispersion of some
species. In some protozoan reproductive cycles, such as budding, fission,
and syngamy may occur in the cyst.

Encystment may be an important stage during the life cycle of some
protozoans and may occur even under favourable conditions.

Subphylum — MASTIGOPHORA

This subphylum includes flagellated Protozoa with one or more flagella
present throughout life or at any stage of their life cycle. They are unin-

cleate. Mastigophores are considered as the most primitive of all protozoan
subphyla.

Mastigophora is divided into two main classes :

1. Class PHYTOMASTIGOPHOREA: These possess chromoplasts
called chromatophores which are pigmented bodies necessary in photo-
synthesis. They are holophytic. The most common examples are Eugiena,
Chlamydomonas, Certium, and Volvox.

2. Class ZOOMASTIGOPHOREA : These lack chromatophores
and are either holozoic or saprozoic. Seme of them are free living but the
majority are either commensal. symbiotic or parasitic on other animals,

such as arthropods and vertebrates, Examples are Trypanosoma, Trichon-
_ympha and Leishmania,
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EUGLENA VIRIDIS

Habitat

Evglena viridis lives in freshwater ponds and streams especially in
waters which are rich in organic nitrcgenous substances and vegetation,

They are sometimes so numerous that they give a distinct greenish colour
to the water.

Morphology

Euglena viridis is a spindle-shaped animal about 60 u long with a
rather pointed posterior end (Fig. 90). It is covered by a firm but flexible
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Fig. 90 — Euglena viridis
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pellicle which permits movement and gives it a constant shape. The pel-
licle is formed of two separate membranes. It is protein in nature and not
cellulose. It has oblique but parallel thickenings that run diagonally over
the body. The pellicle is followed by clear ectoplasm and inner granular
endoplasm. At the anterior end there is a flask-shaped reservoir called the
cytopharynx from which emerges the flagella. It was formerly believed
there is a single flagellum which arises by two roots. Recently it is
clamied that there are two flagella; a long and a short vestigial one which
does not extend beyond the neck of the reservoir and often fuses with the
long flagellum. Each flagellum arises from a basal granule or blepharo-
plast located at the base of the reservoir. From the blepharoplast extends
the rhizoplast which connects it with the nucleus. The blepharoplast
may function as a centriole during mitotic division.

The flagellum, like the ciliz or flagellum of a sperm. is a protoplasmic
extension with two central axial filaments and nine peripheral paired
fibrils surrounded by a thin sheath of cytoolasm (Fig. 91).

ABS

o DOUBLE FIBRIL

FLAGELLA MEMBRANE

Fig. 91 — Structure of a typecal flagellum or cilium.

Near the reservoir there is a red eye spot or stigma. Itisa cup of a
carotinoid pigment of haematochrome, which allows the passage of light
in one direction to strike 2 light-sensitive receptor, the photoreccptor
located as a swelling near the base of the long flagellum (Fig. 92). The
stigma contains in its concavity oil droplets which act as a lens.

The stigma and photoreceptor act as a photoreceptive apparatus directing
Eaglena towards light,
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VENTRAL SURFACE

Fig. 92 — Euglena wviridis. Antcrior end showing different organelles

The nucleus is an oval body found near the centre with a clear
nuclear membrane, chromatin granules and endosome which functions
as a divsion centre in mitasis. There is a large contractile vacuole which
is found near the reservoir, within the cytoplasm, there are many round
discs containing chlcrophyll and called chloroplasts. In the centre of
each chloroplast and in the cytoplasm itself there is a protein called
pyrenoid. This is a round transparent body acting as a centre for the
manufacture of paramylum, which is a carbohydrate allied to starch
which gives no colour with icdine. The paramylum bodies are of various
shapes and found scattered in the endoplasm (Fig. 93).

CHLOROPLAST

PARAMYLLM

Fig. €3 — A chromatophore of Euglena viridis.

Metabolism

Euglena derives its food :hrough holophytic nutrition, in the same way
as plant, by using photosynthesis. However Euglena gracilis makes use
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of saprophytic nutrition by the absorption of dissolved nutrient material.
If it is put in darkness. and in water rich in organic matter, it loses the
chloroplasts and the pyrenoid centres, and decomes saprophytic. This
indicates the presence of digestive enzymes which is not a plant character.
When returned to light, such Eugleng develops chloroplasts and pyrenoid
bodies and lives like plants. While Euglera viridis can not live well under
such conditions, E. gracilis can live in darkness for a long time provided
that the medium in which it lives is rich in nutrient material. Although
Euglena has a cytopharynx but it is very doubtful whether it ingests solid
food particles. However. some other flagellates as Peranema can ingest other
organisms.

Water balance

Very little is known about water balance and excretion in flageilates.
In Euglens there is a contractile vacusle surrounded by small secondary
vacuoles (Fig. 92). It is located near the reservoir where it discharges its
contents. It is believed that the secondary vacuoles collect excess water
from the surrounding cytoplasm and emoty it in the central large vacuole
which contracts when filled discharging its contents into the reservoir.

Respiration and exeretion

The exchange of respiratory gases and elimination of waste products
of metabolism, takes place by diffusion through the surface of the body.

Sensory organelles

The photoreceptive apparatus (eve spot and photoreceptor) permits
the light to strike the phtoreceptor body ir one direction only. As Euglena
is positively phototactic, it is able to crient and move in the direction of
light source. This reaction is important to the animal as it needs light to
carry out photosynthesis. FEuglena prefers moderate light and avoids direet
sunlight. Such reaction is an adaptive one as Euglena moves away from
harmful stimuli (strong direct sunlight) and towards beneficial ones.

The flagella may be used as accessory sense organelles receiving mecha-
nical or even chemical stimuli

Movement

This takes place by :
1. Flagellar movement caused by Leating of the Hagellum (12 beats
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per second) in a circle from the base to the tip. This leads to swimming in
a spiral path while Euglena is rotating on its long axis. The rotation causes
the tip of the organism to ratate while. at the same time, pushing it to one
side.

2. Eunglenoid movement is a slow and limited one brought about
by a peristaltic wave of contraction and expansion of protoplasm. This
wave passes over the body from the anterior to the posterior ends (Fig. 94).

Fig. 94 — Ciagram showing euglenoid movement

Reproduction

1. Asexual reprodction takes place by longitudinal binary fission
(Fig. 95). The nucleus divides by paramitosis, the anterior structures such
as the eye spot, reservoir and flagella are duplicated. Then, the animal
splits longitudinally into two, beginning from the anterior end downwards.
The contractile vacuole disappears, and appears in the daughter indivi-
duals. Such division is symmetrogenic (mirror image division).

Fig. 95 — Reproducton of Euglina by longitudinal binary fisslon
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In paramitosis the chromosomes remain elongated and no typical
equatorial plate is formed. The chromosomes appear around the endo-
some; no spindle is formed, the endosome acts as a centriolar apparatus.
The chromosomes are drawn out and each is broken into two. Thus two
sets of chromosomes are formed, one set at each pole.

2. Encystment takes place under unfavourable conditions, Euglena
which is in the active or trophic phase loses its flagella. rounds up and
secretes a gelatinous thick covering forming a resistant cyst, thus becoming
in the encysted phase (Fig. 96). Within the cyst it may undergo repeated
binary fission forming 2,4 or more individuals. When the favourable
conditions return, the encysted organisms are liberated from the cyst,
develop fagella and become active.

Sexnal reproduction is unknown in Euglena.

FLAGELLUM

Fig. 96 — Englenn virdis Asexual reproduction by cncystment

Position of Phytomastigophorea

These are treated by Botanists as plants, while Zoologists consider them
as animals. For the following reasons Phytomastigophorea are grouped
within the Plant Kingdom :

. They possess chromoplasts.

2. They are holophytic, feeding in the same way as plants,

3. The pigments of some of them like Chlamydomonas and Volpox are
identical to those of higher plants.

4. The power for moving by flagella cannot be considered as an animal
character as many filamentous algae produce unicellular zoospores
similar to phytomastigophores.
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However, the following characters justify classifying Phytomastigophorea
within the Animal Kingdom :

1. Many of them have lost their chromoplasts and live a saprophytic
life like animals.

2. Saprophytic life necessitates the sccretion of certain types of
enzymes wich are not found in plants.

3. Some genera as Euglma include coloured and colourless forms.

4. Euglena can change its shape.

Nevertheless the gradation of Phytomastigophorea into the algae on
one hand and Protozoa on the other is an indication of their prmitive posi-
tion. On account of the difficulties to distinguish between acellular
organisms all non muiticellular organisms are included under a separate
Kingdom, Protista, which are neither plant nor animal in nature.

PARASITIC FLAGELLATES

] — TRYPANOSOMES

Trypanosomes live as endoparasites in the blood and tissues of verte-
brates such as fishes. ampkibians, reptiles, birds and mammals including
man. The transmission of Trypanosoma from one host to another takes place
by an invertebrate intermediate host which may be a blood sucking

insect (fly or bug) or ieeches which feed on the blood of animals that live
or dwell aquatic habitats.

Some trypanosomes are nonpathogenic, i.e. do not cause diseases in
their natural reservoirs, but those which infect mammals (man and his.
domestic animals as sheep, cattle, horses etc.), produce serious diseases.
In man it causes the African sleeping sickness which is widespread
in Ceatral, West and East Africa, and Chagas’ disease in Central and
South America.

Types of human Trypanosomes

1. T. gambiense causes the African sleeping sickness. It is common in.
Central and West Africa where it is transmitted by the tsetse fly Glassing
palpalis and G. tachinoides. It was first discovered in Gambia. The parasite.
also lives inside the antelopes, sheep, goat and pigs from where it can be.
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transmitted to man by the fly. However, human nfection usually takes
place from one person to another.

2. T. rhodesiense is common in East Africa and more dangerous than
T. gambiense. It causes the Rhodesian sleeping sickness which leads to
death in a short time. The chief intermediate hosts are tsetse flies. Glossina
morsitans and G. swynnertoni.

The natural reserveirs of this species are the antelopes and other wild
animals, which are not apparently harmed by rthe parasites, but the
parasite can be transmitted from them to human beings. Hence, they act
as reservoir hosts from which infection is spread to vectors.

The disease is characterised by stages of fever, enlarged lymph glands
and anaemia. In late stage of the disease the parasite {T. rhodesiense) inva-
des the fluid around the brain and spinal cord and spaces inside the brain
causing drowsiness, coma, emaciation and finaily death.

3. T. cruzi is common in Central and South America and causes
Chagas’ disease where the parasite invades the skeletal and cardiac
muscles. It causes fever accompanied by heart failure and subsequent
death. It is transmitted by the kissing bug, Triatoma sp. which lays its faeces
contraminated with the infective stage of the parasite, on the mucous
membranes of the eye lids or mouth or even on the skin. When man rubs
or scratches the irritating wound caused by the bite of the bug, the infective
stage enters into the blood through the wcund. Reservoir hosts
may be armadillos and opossums.

General morphology of Trypanosoma

The same spécies of Tppanosoms may exist in several forms which are
different in size, shape and position of nuclens from the typical type, thus
it is said to be polymorphic. Typically Trypancsoma is a slender leaf-like
clongated curved parasite with tapering ends (Fig. 37). It is covered with
a firm but elastic pellicle which gives it a definite shape. The nucleus is
large, oval and central in position. The flagellum arises from a basal
granule or belpharoplast situated at the postzrior end. It extends
anteriorly and becomes curved around the body where it is joined to it by -
a thin extension of a double pellicle thus forming the undulating memb-
rane. The flagellum forms the axoneme of that membrane and extends’
bevond the anterior end as a free flagellum. A parabasal granule
or kinetoplast which lies near the blepharoplast may tonirol the locomo-
tor organelles. Under the electron microscope, the kinetoplast is rich in
DNA and it is a small part of a large mitochondrion which may extend
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Fig. 97 — Trypanosoma gambiense

for nearly the length of the flagellum. The cytoplasm contains reserve
food in the form of metachromatic granules. There is also a pit near
the basal body which may serve as a, cytosome.

The presence of the flagellum and undulating membrane is an adapta-
tion to movement in a fluid (blood) which offers great resistance to the
movcment of the parasite.

General physiology

Trypanosomes swim freely in the blood plasma by the flagella and
undulating membranes as well as by the wavy motions of the body.

Nutrition is osmotrophic cccurring by diffusion of nutritive material
through the pellicle. Respiration and excretion take place also by
diffusion. The kinetoplast may take part in the metabolism of glucose
absorbed from the blood. Recent studies, however, showed that trypano-
somes engulf small droplets of bloed plasma by a process called pinocy-
tosis (page, 23 ).

Reproduction

It takes place by simple binary longitudinal fission. The kinetoplast
divides and then the nucleus, The flagellum and undulating membrane
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remain with one half, while new ones develop from the other. Then, the
animal splits logntitudinally starting from the anterior end (Fig. 98).

DAUGHTEA INDIVIDUALY

Fig. 98 — Reproduction of Tryanesoma ky longitudinal fission

Life eycle

The life cylce of Trypanosoma is a complicated process which differs
from one species to another. The following is = description of the life cycle
of T. gambiense (Fig. 99).

1. In the blood of man the parasite exists in different forms which
vary in size and shape. Two main forms can be distinguished — short
thick stumpy forms with a very short free flagellum or none at all; and long.
slender forms with a long free flagellum. Between the two forms, interme-
diate forms are usually found in the blood.

The parasite multiplies in the blood of human being and liberates its
poisonous by-products of metabolism which cause fever when the parasite
becomes numerous in the blood stream. If not destroyed by suitable drugs
the parasite invades the cerebrospinal fluid and the central nervous system
and finally leads to death.

2. When a testse fly bites an infected person or a reservoir host, some
of the parasites are sucked with the blood into the fly’s midgut. In the
intestine all the forms are digested except thz stumpy forms which resist
digestion. These stumpy forms mutiply intensively by longitudinal binary
fission giving rise to the slender long forms. After about 15 days’

B
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these slender forms invade the proventriculus of the fly from where they
migrate forwards to the anterior part of the gut {buccal cavity), then pass
to the hypopharynx and reach the saiivary glands through the opening of
the salivary duct.

In the salivary glands the long slender forms multiply by binary fission
giving rise to erithidal forms. The latter froms have the kinetoplast
and basal granule in front of the nucleus, thus the flagellum is connected to
the front half of the body (Fig. 99). The crithidial forms undergo morpho-
logical and physiological changes and give rise to the infective mretacyclic
Forms. These forms are short, sturnpy and characterised by having the
kinetoplast and basal granle at the posterior end. Thus the fly becomes
infective.

, qNFECTIVE STAGE)
2 - 40 DAYS AFTEN MTING

vy

NGV':D CRITHIDIA TN SALIVARY

Vguuu 1 1 DAYS LATER
s

%ﬁﬁﬁ'ﬂ

KEWLY ARMYED SHDIVIDUALS IN
SALIVARY GLANDA 12 - 0 TH DAY

e X St

E.ONGATED PORMS IN PROVENTRICULUS
<1015 DAY

Fig. 99 — Diagram showing life cycle of Trypanosoma gambiense

The cycle inside the fly takes place about 20 to 40 days depending on
the external temperature. Thus the fly will be infective after this period,
or immediately after sucking the blood of an infected person. In the latter
case the infective stage is carried mechanically from one human being to
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another as after a blood meal the proboscis of the insect is vontaminated
with the parasite.

The control of sleeping sickness is a complicated task because many
wild animals act as reservoir host. The best control may be the ultimate
destiuction of the intermediate host (tsetsz fly) which is also a difficult
process on account of the vast areas in which this fly is common. The pre-
valence of sleeping sickness has hindered the development of natural
sources in many areas of Africa which are considered as the richest
tropical resources.

2 — LEISHMANIA

It includes species which infeet man ard other mammals. There are
three species which cause diseases in man and which are widely spread
in Africa, Mediterranean area, Asta, United States etc.  Leishmania dono-
vani causes visceral Lelshmaniasis or Kala-Azar infecting the spleen and
liver causing their enlargment and leading to anaemia and leukopenia.
Leishmania tropica causes cutaneous leishmaniasis or oriemtal sore which
appears in the form of local nodules and ulcerations of the skin.

Leishmania is transmitted by the blooc-suckring sandflies of the genus
Phiebotomus. Various vertebrates (e.g. dogs and rodents) act as reservoir
hosts for the causative organism.

Leishmania is dimorphic. In man it is oval in shape with a central
nucleus, anterior basal and parabasal todies and a short flagellum which
does not extend beyond the body. When the sandfly (intermediate host)
sucks the blood of an infected man the parasite multiplies asexually in the
midgut giving rise to the leptomonas farms. The latter is spindle-shaped,
with a central nucleus and a single long slender flagellum which arises
from the basal granule. The leptomonas form is the infective stage which
is injeted into the blood of man when the insect bites him.

OTHER MASTIGOPHORA

1. Trichonympha (Fig. 100).

It lives symbiotically inside the intestine of wood-eating termites. The
termite is incapable of digesting wood it eats, but these flagellates are able
to ingest the wood particles and change them into soluble carbohydrates
used by both the termite and the protezoan. Both animals are dependent

f



284

Fig. 100 — Exampiles of flagelates : Trichonympha

on each other. Such a symbiotic association is called mutualism where both
partners are benefited.

Recent studies showed that Trichonymtha does not contain mitochondria
essential for oxidative processes. The flagellate lives as an obligate anaer-
robe inside the intestine of the termite. This is a physiological adaptation
to live in an environment wherz oxygen is so little and thus the flagellate
is unable to use oxygen. The presence of a large number of flagella on the
body of Trickenympha is an adaptation to move in the fluid contents of the

intestine.

2. Choanoflagellates (Fig. 101).

These include a number of colonial forms which are mainly sessile.
Each individual has a cylindrical collar round the flagelleum. The electron

Fig. 101 —A colony
of choanaflagellates




285-

microscope shows that the collar consists of a circlet of finger like cytopla-
-mic extensions. The flagellum creates a current which sweeps food
toward the cell, where it is trapped in the collar and then engulfed.

Subphylum SARCODINA

This includes Protozoa in which the adult moves by flowing extensions
of the protoplasm called pseudopodia. These may be tube - like and are
called lobopodia; thread-like, filopodia; needle-like, axopodia; or branched
and interconnected to form rhizopodia. The pseudopodia are used as
locomotor organelles or for capturing the prey. This subphylum includes
amoebas which are either marine or freshwater or terrestrial.

Sarcodinans are either uni- or multinucleate forms and reproduce?
asexually by binary and multiple fission; or sexually. by syngamy. The
majority possess skeletal structures. Sarcocinans are close relatives to
mastigophores. Mastigamoeba looks like typical dmoeba but it has a long
flagellum. Moreover, many sarcodinans have flagellated gametes, a fact
that suggests the Mastigophora as the ancestral group.

Subphylum Sarcedina. is divided inwo two classes : -

I — Class Actinopodea — These with pseudopoedia in the form of
axopodia.
Order Heliozodia, e.g. Actinosphacrium.
Order Radiolarida, e.g. Acanthometra.

II — Class Rhizopodea — These with pseduopodia not in the form of
axopodia.
Order Amoebida, e.g. Amoeba
Order Testacida, e.g. Areella
Order Foraminiferida, e.g. Globigerira.

AMOEBA

The genus Amoeba includes a number of species which live in fresh,
brackish and, salt waters and in moist soil. Amoeba preteus is common in
freshwater ponds and streams. It is found in the slimy bottom of ponds and
on the lower surface of leaves of aquatic plants.
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General morphology (Fig. 102).

Amoebae protaus is irregular in shape and is hardly seen by the naked eye
(Fig. 102). It is about 200 microns (0.5 mm.) in diameter. Although
Amoeba has no definite stape, it has a distinct outline as it is covered by
a cell membrane or plasmclemma. The plasmolemma is made up of filam-
entous molecules probably mucopotein which aids in the adhesion of the
animal to the substratum. This is followed by an outer thin layer of ecto-
plasm and inner granular endoplasm. The ectoplasm is homogenous, non

PLASMOLEMMA

NUCLEUS

PSEUDOPCDIUM

CONTRACTILE  VACUOLE

HYALINE CAP

Fiz. 102 — Amocba proteus

granular, elastic translucent laycr. The endoplasm is a granular- hetero-
gencus fluid. There is no fixed line to separate the ectoplasm from the
endeplasm, The endoplasm is disticguished by an outer relatively stiff
plasmogel which is more solid, and 2n irner more fluid highly granular,
plasmosol.

Inside the endoplasm there is a disc-shaped nucleus which is not easily
seen in living Amoeba. In voung amoebas the nucleus is in the form of a
biconcave lens. It has no fixed position and varies with the movement of
the plasmosol. The nucleus is surrounded by a firm nuclear membrane
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and contains chromatin which may form granules or a network embedded
in a small quantity of nuclear sap. Animals where the nucleus is removed
remain alive for a short time and soon die. The nucleus controls the vital
activities of the animal.

The endoplasm contains food vacuoles, a contractile vacuole, crystals,
granules of various forms, fat droplets and other inclusions such as bits of
debris and mitochondria.

Locomotion

Locomotion of Ameeba which is known as amoebold movement takes
place by finger-like processes called the “psendopedia”. The pseudopedium
may arise at any point on the surface but it is always formed in
one direction. If two are formed at one time one remains and the other is
withdrawn gradually. There are many theories to explain the formation
of the pseudopodium, the most important of these are :

l. According to HYMAN and MAST the formation of the pseudopo-
dium is affected by a reversible change in the colloidal form of the
protoplasm from the fluid sol state into a gel condition, at the point where
it is formed (Fig. 103).

CONVERSIQN OF GEL TO 501 STREAMING OF PLASMOSOL

CONTRACTION OF PLASMOGEL TUBE

Fig. 103 — Diagram to illustrate locomotion of Amoeba {According to Mast’s theory)

A pseudopodium is formed by the appearance of a blunt projection or
hyaline cap which then gradually grows in size through the flowing of
granular cytoplasm into it. In a moving Amoeba the plasmosol moves in
the direction of the movement and as it reaches the anterior tip it changes
to plasmogel at the sides thus forming a tube inside which more plasmosol
moves towards the tip (Fig. 103). As the movement continues a constant
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flow of plasmosol is rraintained because the plasmogel which liquifies at
the posterior end flows forward as plasmogel. The flow of plasmosol in-
side the plasmogel is probably due to the contraction of the plasmogel
which causes a squeezing actior. or the sol pushing it along into the
pseudopodium. This causes pressure in the liquid inside which is forced
forward where the plasmogel is thinnest and weakest.

Amoeboid movement can be summarised as follows :

(a) Attachment of Amoeba to substratum;

{5) gelation of the plasmosol at the anterior tip of the advancing
pseudopodium;

{¢) change of plasmogzl at the posterior end of the receding pseudopodium;

(d) contraction of the plasmogel tube at the posterior end to derive the
plasmosol forwards.

2. The second theory was put forward by ALLEN (1962) who
explained the amoeboid movement as being a result of changes of
the molecular structure of the protoplasm and the amceboid movement is
actually a type of slow contractian similar to muscle contraction. The
endoplasm contains lcng unfolded protein chains. At the anterior end
these protein chains become folded, ie. contract and the endoplasm is
converted to ectoplasm. ie. from plasmosol to plasmogel. At the posterior
end the protein chains unfold and the ectoplasm liquifies during its conver-
sion to endoplasm. Thus the body of Ameeba is pulled forward by
the contraction at tke anterior end.

Nutrition and food vacuoles

Amoeba feeds on small organisms such as bacteria, aquatic plants,
protozeans and organic matter. However, it shows preference to certain
food such as diatoms.

When Amozba comss in contact with its food, a cup-shaped pseudopo-
dium is formed and soon bends zrounds the food until it forms 2 vacuole
containing some water (Fig. 1041. The amount of water surrounding a
fast-moving animal is usually larger than that taken with a nonmotile algal
cell. When the food is immotile the protoplasm becomes in direct contact
with the food. The vacuole cirzulates in the endplasm.

In this food vacuole enzymes from the surrounding endoplasm are
secreted. Digestion takes place by a process similar to that of higher
animals. At first the food vacuoles bacome small and lightly acidic. This
is due to the absorpticn of fluids. The enzymes convert proteins to amino



289

Fig. 104 — Stages in taking food in Amoeba

acids, fats into fatty acids and glycerine. Amaeba is unable to digest starch.
The digested material now in solution is abserbed in the surrounding
endoplasm where it is used as a source of energy and for the synthesis of
complex compounds needed to build the protoplasm and used for vital
processes. By the end of digestion the focd vacuole becomes small due to
the absorption of the digested food.

Undigested food particles. are ejected at any point, thus there is no
definite opening to the exterior for egestion. Thsse particles being heavier
than the protoplasm are gradually shifted towards -he temporary posterior
end where they are left behind as the animal moves forward.

Amoeba. not only eats but also drinks by a process known as pinocytosis
or cell drinking. When placed in a suitablz solution, minute pockets or
tubes, pinocytic canals, appear on the surface These tubes gulp in droplets
of the solution which form vacuoles at the base of the tube and enter the
protoplasm. Amoecba drinks about 30%, of its own volume in 3 hours.

Respiration and excretion

By respiration is meant taking in oxygen and eliminating carbon
dioxide. Exeretion is to get rid of waste npitrcgenous products. Amocba
like other organisms needs energy to carrv on its vital activities, By
a process of oxidation the potential energy stored in highly complex com-
pounds of the cytoplasm is released giving off carbon dioxide, water and
nitrogenous compounds such as ammonia and lsss often urea.

Respiration and excretion in Amoeba take place by simple diffusion
through the plasmolemma. Thus while the oxygen concentration inside
the protoplasm is less than that of the surrcunding water the nitrogenous
waste products and carbon dioxide are in a higher concentration. Thus
gascous exchange and excretion will take placz. The method of respiration
and excretion is efficient because the surface area of Amoebe is large relative
to its bulk. Carbon dioxide and waste nitrogenous products may diffuse
through the wall of the contractile vacuole.
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Osmo-regulation (water balance)

Since the plasmolernma is a semipermeable membrane, so in freshwater
Amoeba there isa continuous influx of water by osmosis inside the proto-
plasm. In additio= water is produced as a result of osidative processes.
Also water enters the body wi-h the ingested food. The accumulation of
water inside tke protoplasm will lead to the rupture of the animal and its
subsequent death. The excess of water is periodicaly expelled through
the “contractile vacuoles” which are formed regularly at the posterior
end. A contractile vacuole is formed by the accumulation of minute water
droplets which form small vacuoles. The latter fuse together to form a large
contractile vacuole which grows gradually. The contractile vacuole
appears near the hind end of the animal and moves towards the nucleus
and finally towards the temporary posterior end where it is discharged by
contraction of its wall. A contrctile vacuole is surrounded by mitocho-

ndria which provids the erergy for actual formation and function of the
vacuole,

After the disappearance of the contractile vacuole a new vacuole is
formed which moves towards the nucleus where it grows and repeats the
process again.

Marine and parasitic Ameeba living in a2 medium having nearly the
same osmotic pressare as that of the protoplasm do not possess contractile
vacuoles. Whan placed in freshwater, marine Amaebue will form contractile
vacuoles.. On the other hani freshwater Amosbae will form contractile
vacuoles when placed in salt water.. Thus the main function of the
contractile vacuole is osmoregulation.

Reproduction

As Ampeba grows it reaches to a certain size where reproduction takes
place by simple binary fisson. Typical mitosis occurs with all its phases
(prophase, mezaphase, anaphase and telophase). The process of binary
fission takes place as follows :

(¢) the body cf Armweba becomes spherical and crossed with small radially
arranged pseucopodia. The contractile vacuoles cease to function.
A hyaline layer appears in the centre,

(b) the nucleus divides promitotically and the nuclear membrane disap-
pears during the metaphase.

(c) during the anaphase the pscudopodia become thick and coarse and
the hyaline layer is no longer visible;
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{d) at the telophase the nucleus divides into two nuclei, the animal
elongates and divides into two small danghter Amoeda (Fig. 105).

This process of binary fission takes about 30 minutes at 24°C. The
resulting Amoebe feed and grow until they reach a maximum size in about
three days under ordinary conditions.

PROPHASE METAPHASE

Fig. 105 — Binary fission in Amoeba. (Notice mitosis in the nucleus)

This process of asexual reproduction leads to Amoeba which are
immertal. There is no natural death for old age.

Dying of old age was recorded only in one Protozoan Tokophyra infusion-
um (Fig. 106). The death at old age is one of the most interesting
and important problems which is studied extensively to know its cause cspe-
cially in human being, RUDZINSKA (1¢68) found that aging in Toko-
plyra proceeds in step with accumulation of minute granules in the
cytoplasm of the protozoan. These granules are very similar to the lipa-
fuscins found in the cells of human body as he gets older. It is believed

Fig. 106 — Tokophyra infusionum
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that these granules are indications of the inability of the organism to get
rid of metabolic waste whose accumulation causes self-intoxication which
leads to the death of the cell,

Encystment

Under unfavourable conditions such as scarcity of food, severe tempe-
ratures and dryness of the pond, certain species of Amoeba canot carry out
its vital activities. In order to tolerate these conditions Amoeba forms a
resting stage where it is encysted. It becomes spherical, the pseudopodia
are withdrawn, streaming of protoplasm ceases, cytoplasm becomes
minutely gramular and the protcplasm secretes an outer hard three layered
cyst (Fig. 107). Inside this cyst the metabolic activities fall to minimum,
and the animal is protected from the unfavourable enviionmental
conditions. When the conditions become favourable the cyst bursts and
Amocba comes out to resume iis normal life.

THREE LAYERED CVST

4

Fig. 107 — Eucysted Amoeba

Encystment is not only a means of survival but also it aids in the dis-
tribution of the animal. Thus tae dried mud containing encysted Amoeba
is blown away to different areas thus helping in the distribution of
the animal. Recent studies showed, however, that in Amoeba profeus ency-
stment does not take place.

Irritability and behaviour

Amoeba responds to variows kinds of stimuli including contact,
chemicals, heat, light, electric current, ctc. Its reactions is similar to, but
simpler than those of higher animals. The response to stimuli is indi-
cated by the movement of the animal towards the stimulus, a positive
reaction; or away from the stimulus. a negative reaction. The reaction
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depends on the intensity of the stimulus and state of the animal. Thus
Amoeba may react differently to chemicals having two different con-
centrations.

If touched by a needle Amoeba moves away but when floating it reacts
positively to a floating object. Amoeba reacts negatively to mechanical
shocks. intense light, high temperature strong acids, alkalies and many
other chemicals. Tt shows a positive reaction to a weak light. Strong light
causes gelation of the plasmosol adjoining the plasmogel, making it thicker
and increasing the elastic strength, this will cause a negative reaction.
Amoeba responds to electric current by moving toward the cathode.

Amoeba shows a selective power in choosing its food and this may be
due to chemical stimuli. If the food subject is a moving organism the for-
ward food-cup becomes wide and does not touch the prey. This may be
due to mechanical stimuli.

Although Amoeba has no sense organs as those of higher animals but
its response to stimuli is due to the irritability of the protoplasm. The
reactions of Amoeba to stimuli keep the animal in the most favourable
environmental conditions.

PARASITIC AM(EBAE

Amoeba which live in the interior of another animal are called parasitic
Amoeba since they depend in their life on the aaimal (host) in which they
live. The most important parasitic forms are those living in the intestine
of man causing various diseases. There are six species which infect man
mainly belonging to genus Enlamoeba.

1. Entamoeba histolytica (Fig. 108).

Although it infects 109 of the general population. but most of
the infected persons are carriers, that is the Amosba live and multiply in
their large intestine and produce cysts without injuring their host. In other
persons Entamocba histolytica attacks the mucous membrane of the large
intestine, bores into the tissues till it reaches the connective and muscular
layers causing bleeding ulcers. Enterance into the tissue is facilitated by
secreting enzymes that dissolve away the tissues. Hence its name. E. kisto-
lytica (histo = tissues; lysis = dissolution). This parasite causes amoebic
dysentery characterised by pains of the colon and severe diarrhaca accom-
panied by blood and mucus. Entemosba may reach the liver and less often
the lungs and brain, or even the skin where it causes serious abscesses.
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In structure E, Kistolytica iz similar to Amoeba but without contractile
vacuoles. It has a characteristic nucleus which is ring-shaped with a
central nucleolus aad a layer of fine chromatin granules lining the nuclear
membranes (Fig, 108). The animal moves by a single pseudopodium
which consists mainly of hyaline ectoplasm.

Fig. 108 — Entamoeba histolvtica : A) trophozoite; B) cyst with four nuclei

Entamoeba feeds by forming food vacuoles, ingesting bacteria, starch
granules, tissue cells and liberated red blood corpuscles. 1t exists in three
forms :

1. Tissue form (vegetative stage, (Fig. 108 A) which is active feeding
from about 20 — 40 g in diam=ter. It feeds on the tissues and red blood
corpuscles which can be seen in its cytoplasm. This is a dangerous form
as it can penetrate through the tissues and is responsible for liver, lung and
brain abscesses. It is found in acute infection.

2. Minute form which is about 15 ~ 20 g in diameter, which is also
active and moves by its blumt pseudopodia and feeds on bacteria and
erythrocytes. It is usually found in the upper portion of the large intestine
in chronic infection. It is the only form capable of forming cysts.

3. Cyst form waich is found in lower portions of the large intestine
and is the infective stage. Under relatively unfavourable conditions the
minute forms give rise o the cysts by elimination of water and formation
of a protective cyst. During the passage of the cyst through the intestize.
the nucleus divides twice thus forming a four nucleated cyst which
is spherical and about 8 — 15 1 in diameter. It contains glycogen and
chromateid bodies which appear refractile when alive but dark on staining.
(Fig. 108 B). The chromatoid body represents stored protein nutrient.

The cyst is transmitted from one human being to another with contam-
inated food. The common houss fly may act as a vector carrying the cysts
either passively or in its faeces after contact with faecal material of infected
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persons. Cysts are also carried in drinking water as a result of faulty dis-
posal of human faeces and general uncleanliness.

When swallowed by man the cysts hatch in the small intestine and the
four nucleated Entamoebae are liberated each divides to form eight uninucle-
ate organisms. Encystment of Entamoeba is associated with reproduction
asawell as distribution. Furthermore encystzd:Entameba reproduces by
multiple fission since the cytoplasm contains four nuclei before its division.

Cysts are killed By hot water or 1%, solution of potassium permangnate,
a method used to wash fruits and uncooked vegetables before eating them
especially in areas where amoebic dysentery is spread.

2. Entamoeba coli (Fig. 109, A)

It is a harmless nonpathogenic parasite living in the large intestine of
man usually associated with E. fistolytica. It feeds on bacteria and other
food particles in the intestinal contents. It may cause some intestinal dis-
turbances. The cytoplasm contains glyccgen granules, and numerous
vacuoles most of which contain bacieria. The vegetalive form is
about 20 — 30 p with a distinct nucleus and two pseudopodia.

00D VACUOLE

Fig. 109 — Entamocba coli : A) trophozoile; B) cyst with eight nuclei.

The cysts which are larger than those of E. histolytica (18 — 25 ¢ in
diameter). usually contain 2 to 8 nuclei (Fig. 109 B).

3. Entamoeba gingivalis (Fig. 110)

It lives in the mouth around the bases of the teeth where it feeds on
bacteria and leucocytes. It may cause pyorrhea by. dissolving the cement
that holds the teeth to bone. It infects about 509 of the population. It

does not from cysts and is spread from mouth 0 mouth during kissing or
from a contaminated drinking vessel.



296

Fig. 110 — Entamocba gingivalis

THE FORAMINIFERA

These are large protozoans characterised by the presence of a shell with
many chambers (Fig. I11}. The shell s made up of calcium carbonate
with small amount of silica and magnesium sulphate. All its members
live In the seas or oceans, being marine. The pseudopodia which
are thread-like, branched and imterconnected to form rhizopodia extend
from tiny pores in the shell, hence the name of the group *hele bearers”,
The pseudopodia are used to catch, and digest the prey. The digested food
is carried into the interor by the flowing protoplasm.

In forms with many chambered shells, the individuals begins its life
in a single rhamber which is followed by the formation of additional
chambers as the animal grows in size. Different forms have different shells
(Fig. 111). Globigerina which is a common species has spherical chambers
arranged in a spirzl fashion. The life cycle is rather complicated. They
reproduce by multiple fssion and alternation of sexual and asexual cycles
occurs.

The majority of foraminiferans live on the bottom of the ocean where
Globigering ooze forms about 359% of the ocean floor. Globigerina results
in the production ¢f limestone in the form of chalk.

THE RADIOLARIA

They are entirely marine protozoans chiefly pelagic living in open
water, cither surface or deep water. Radiolarians are large and some
species may measure few millimeters in diameter. The body consists of
an inner central capsule which may be spherical, ovoid or branched,
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SHELL OF SAND GRAINS

Fig. 111 — Examples of Sarcodina : A} Arcella with a secreted shell, B) Diffulgia
with a shell of sand grains; C) Discorbis, foraminiferan with many chambers; and
D) a living Globigerina, a foraminiferan with several compartmets of differet sizes

and an outer cortex of vascuolated cytoplasm (Fig. 112). The central
capsule is surrounded by a thin membrane. provided by tiny pores and
made up of pseudochitin. These pores allow the continuity of the outer
and inner protoplasm.

From the central capsule project stiff pseudopodia, the axopods or
filopods which radiate from the surface giving a characteristic appearance.
The skeleton is made of silica or strontium sulphate. Radiolarians may
possess one or more nuclei, Reproduction takes place by binary fission,
budding or sporulation.

Radiolarian ooze, is usually found at greater depths of 4500 — 6000
meters. It may become sedimentary rocks and may be burried under other
types of rocks forming flint and chert. Radiolarians as well as foraminiferans
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CENTRAL CAPSULE
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Fig. 112 — Examples of radiolarians : 'A} Acanthometra, a radioldrian with
skeleton of radiatirg pieces; B) Polocystis, a radiolaraian with a non-spherical
skeleton

are of great importancz from the geologidal point of view especially
to oil geolgogists when znalyzing the resulis of drilling operations. Fora-
miniferans and radiolarians are the. only protozoans which are recorded
as fossils, Deposits of sertaing fossil foraminiferan as Numunnulitidae
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which reach 25 mm. in diameter, are frequendy associated with petro-
leum deposits,. They are important for geologists examining oil strata
for signs of oil.

Subphylum SPOROZOA

All the members of this subphylum are parasitic. The Immature stages
of many species are usually surrounded by resistant coverings and are called
spores, hence the name of this subphylum Sporozoa.

The body shape is variable but usually oval or round. There are no
locomotor organelles in the aduit stage, however immature stages possess
pseudopodia or flagella. Nutrition is entirely saprozoic by the direct
absorption of food material through the general bedy surface. They may
infect any part of their host or body spaces as gut, bladder or coelom but
they are usually intracellular parasites living Inzide muscle tissue, blood
cells, epithelial cells etc,

Sporozoans reproduce by raultiple fission or sexually by syngamy.
The most common example in man is’ Plasmodium which causes malaria.

1. PLASMODIUM
(Malarian Parasites)

All the members of Plasmodium are parasites and are responsible for the
occurrence of malarian fever. It was discovered in the bloed of a patient
in 1880 by Loverar. It has two hosts, man is the primary bost where asexual
reproduction takes place, and the mosquito of the genus Anopheles which
B the secondary host where sexual reproduction occurs. The mosquito
acts as a vector because it transmits the parasite from one human being to
another,  There are two common genera of mosquitos, ie. Culex
and Anopheles. One can distinguish between both genera by their position
at rest. While Culex holds its abdomen parallel to the surface on which it
rests, the abdomen of Angpheles is held at an argle. Monkeys carry malaria
which can be transferred by mosquitos to human beings. Hence monkeys
are considered as reservoir hosts.

Life cycle (Fig. 113)

It involves three phases as follows :
1. An asexual phase of growth and muliplication (schizogony) which.
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takes place in the liver zells and red blood cells of man.

2. Sexual cycle which begins in the human being and is continued in
the mosquito.

3. An asexual cycle (sporogony) occurring in the mosquito.

Asexual cycle in man (pre-and exo-erthrocytic schizogony)

When the infected fzmale mosquito bites a human being to suck his
blood it injects the sporozoites (zoites) with its saliva into the blood. The
mouth parts of the mosquito are adapted for piercing and sucking as they
feed on the blood of their victims. The saliva contains a weak poison which
is supposed to prevent klood from clotting.

The sporozoites ase minute sickle-shaped cells with oval nuclei
When they enter the bload stream they are carried to the liver where they
penterate the endothelial cells of the liver. Afier half an hour of entering
the blood stream all the rprozoites disappear. In the liver cells the sporo-
Zoites grow to form large round schizonts. Each schizont divides by mul-
tiple fission (a process called schizogony) to produce about 1,000 small
spindle-shaped merozoises. The schizont ruptures and the merozoites
are liberated in the live- sinusoides and the residual protoplasm of the
schizont is destroyed by the action of phagocytes. This phase of asexual
reproduction is called pre-erythrocytic schizogony, and the merozoites
produced are known as ccyptozoites, This process takes about ten days,
a period called incubation period. During this stage the parasite is resistant
to the action of drugs or to the immunity of the host. {Fig. 113).

The cryptozoites eithe- pass into the general blood stream or reinfect
new liver cells where ano:her process of multiplication takes place. This

process 18 called exo-erythrocytic schizogony where the cryptozoites
give rise to schizonts in thz liver cells. These divide to form the merozoites

called metacryptozoites Thus the liver acts as a reservoir of parasites
which prolong the disease and even afler the relapse the symptons may

appear.

Erythrocytic schizogony

In the blood stream each merozoite penetrates a red blood corpuscle—
usually old corpuscles are attacked — where it becomes disc-like which
feeds and grows at the espense of the protoplasm of a red corpuscle. A
vacuole appears in' the merozoite, the nucleus is pushed aside, and the
merozoite is now called trophozeite. The trophozoite grows and becomes
2 rounded amocboid, schizont which fills the enlarged blood corpuscle and
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Fig. 113 — Life cycle of Plasmodium malariae

contains light-brown haemazoin granules. The latter are derived from the
haemoglobin of the erythrocves. The schizent undergoes multiple fission
to form about 24 merozoites. The red blocd corpuscle bursts after 72 hours

and the liberated merozoites attack new blood corpuscles and repeat the
cycle again.

When the blood corpuscle bursts, the residual protoplasm, pigment
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and toxins (formed during the metabolism of the parasite) are liberated
in the blood causing malaria fever in which the patient suffers from chills
shivering and high temperature. The toxins are deposited in the liver,
spleen and under the ssin so that the host gets a yellow colour.

Some of the merozoites instead of attacking new blood corpuscles,
continue their multiplication in the liver in the same way as the exo-
erythrocytic stage. Ths is called posterythroeytic schizogeny. Thus
the liver acts as a reservoir of parasites which can prolong the disease in a
latent form. The patient may be cured but when his resistance is lowered,
a relapse occurs.

The sexual cycle

While the process of asexual reproduction is taking place, the host
develops a better resisting power, or if the infection is severe the host dies.
In order to keep the race, the parasite undergoes the sexual cycle giving
rise to gamonts or gametocytes. Some of the merozoites become rounded
compact bodies withou: vacuoles and grow more slowly inside the
red corpuscle to give rise to two types of gametocytes : macrogametocy-
tes and microgametocytes. The gametocytes appear in the peripheral
blood at various intervals after the onset of the fever. They remain
inactive in the human blood.

The macrogametocyte is the female, with round body and a small
excentric nucleus. Its cytoplasm is laden with food. The microgametocyte
is the male, with a clear cytoplasm and a large central nucleus, When a
female Anopheles feeds on the blood of an infected person it sucks all stages
including the gametocytes. In the stomach of the mosquito the following
takes place :

{a) all stages are digested except the gametocytes which can withstand
the action of digestive fluids,

(6) the microgametocytes undergo repeated divisions each giving rise
to 4 — 8 small slender microgametes by a process of exflagellation.

(¢} the macrogametocytes undergo little change, the nucleus of each loses
a part of its contents. it projects outwards with some cytoplasm, thus
forming one macrogamete.

(d) the microgametes which are active penetrate the macrogametes, ferti-
lization takes place and round zygotes are formed.
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Sporogony

It is the process by which the sporozoites are formed and takes place
in the following steps :

{a) The round zygote which is believed to metamorphose into an active
crawling “ookinete” passes between the epithelial cells of the stomach
to lie in the haemocoele. Some authors, however, claim that
the zygote is mechanically pushed into the stomach wall and suggest
that the ookinete is a dying stage which is passed out with the faeces.

{6) The zygote which is lving below the outer epithelium of the stomach
becomes surrounded by a cyst and is called oocyst.

{c) The oocyst grows by absorption of nourishment and bulges out of the
wall of the stomach. The nucleus of oocyst undergoes a series of repea-
ted divisions giving rise to spindleshaped cells, the sporozoites (zoites).

(d) The oocyst bursts and the sporozoites are set iree into haemocoel
which forms the body cavity of the mosjuito. Then, they migrate to
the salivary glands and enter the duct ¢f the hypopharynx. The
mosquito is now infective when it bites a healthy human being.

This process of sprogony tzkes from 10 davs to 3 weeks depending on
the temperature.

Adaptation of Plasmeodium to parasitic life

l. The sturcture of the parasite being simple that it can live easily
inside the tissue cells and red blood corpuscles.

2. The iife cycle involves sexual and asexual reproduction leading to
the formation of large number of parasites either in the primary or
secondary hosts.

3. The presence of an interinediate host or vector which is a blood
sucking i1sect or mosguito. This insect is active and transmits the parasite
from one human being to another. The mosquito also ensures the spread-

ing of the parasite, if the original host died or developed biological
resistance.

Control of malaria

There are at least three steps which are effective in the control
of malaria :

1. Treatment of infected human beings by the use of suitable antimala-
rian drugs such as primaquine, plasmochin. atebrin ete.
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2. Protection of uninfected persons by :
(a) using mosquito curtains, screens, nets etc.

(b) application on the skin of repellents which repels the mosquito from
biting the human being.
']

{¢) using prophylactic drugs such as quinine.

3. Systernatic extermination of the mosquitos :

{a) in their habitats : by using very effective insecticides which are avail-
able nowadays.

{0) in their breeding grounds : by draining swampy places, filling up
ditches and ponds where mosquitos breed, by spraying the surface of
ponds with kerosine oil or with insecticides which kill the early stages
of the mosquitos, or by introduction of natural enemies such as fish,
Gambusia which feed on the larvae and pupae of mosquites,

Subphylum CILIOPHORA
Clase CILIATA

The subphylum Ciliophera includes the ciliates which are characte-
rised by the presence of cilia or ciliary structures used as a locomotor,
sensory or food acquiring organelles at some time in their life. Cilia and
flagella have the same fundamental structure, but cilia differ from flagella
in being much shorter, more numerous and their mode of beating and
type of movement. Cilia are considered to have evolved from flagella.

A cilium (Fig. 91) consists of a matrix surrounded by a membrane
continnous with the plasma membrane. The matrix contains eleven
straight fibrils which run throughout the whole length of the cilium; two
fibrils are central while nine paired peripheral fibrils surround the central
ones.

Ciliates are characterised by the presenc: of an intraciliary system
composed of basal granules or kinetosomes below the cell surface, and
interconnected by longitudinal fibrils known zs interciliary fibrils (neuro-
fibrils). Most ciliates posses a cell mouth or cystosome, and two types of
nuclei a large dense vegetative macronucleus and a small reproductive
micronucleus. Reproduction takes place asexually by transverse binary
fission. Sexual reproduction never involves the formation of gametes.
Sexual reproduction takes place by conjugation.

Ciliates are widely distributed in both fresh and marine waters. Most
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of them are free living, few are true parasitic forms such as Balantidium coli.
(Fig. 124) which is a large ciliate living as a parasite in the large intestine
of man causing severe ulcers and dysentery. Some ciliates live as ecto- or
endocommensals. Balantidium coli lives as an entocommensal inside the
intestine of pigs causing no disease.

PARAMECIUM

It is abundant in fresh-water containing bacteria, decaying organic
matter and in sewage water. It is about 15 — 300 microns in length. It
is slipper - shaped hence called slipper animacule with a blunt anterior
end and somewhat pointed posterior end (Fig. 114). The body is covered
with a complex living stiff but flexible pellicle which gives it a definite
shape. The animal has asymmetrical appearance due to the presence
of an oral groove which runs obliquely backwards. The oral groove leads
into a conical - shaned vestibule (Fig. 114) which is followed by the buccal
cavity (peristome or pre-oral chamber). At the base of the buccal cavity
there is the cytosome (cell mouth) which opens into a funnel-shaped canal,
the cytopharynx that extends, down the cytoplasm. At the end of the cyto-
pharynx food vacuoles are formed. While the buccal cavity contains
compound ciliary organclles which serve in feeding, the cytopharynx is
devoid of cilia. The buccal cavity is lined with the undulating membrane
which is composed of a row of fused cilia adhering together to form a
delicate sheet whose action helps w0 piopel food into the cytopharynx.
In addition there are membranelles which are formed by the fusion of
several rows of short cilia. Some of these membranelles extend in
the cytopharynx.

The cytoplasm is differentiated into an outer clear ectoplasm and an
inner more granulzr endoplasm. The ectoplasm consists of :

1. The pellicle is 2 double membrane being firm and elastic enough
to allow the animal to bend and squeeze through various passages. The
pellicle is composed of hexagonal areas which are slightly concave (Fig.
115). From the cantre of each one projects one or more cilium. These
cilia are regularly arranged to form rows. Al the cilia are of uniform size
except in some species of Paramoecium where the posterior cilia are longer
hence called P. caudatum The cilia are organelles of locomotion. food col-
lection and sensory receptors which detect stimuli of the external enviren-

ment.

2. Alveolar layer containing the basal granules or kinefosomes which
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Fig, 114 — Structurs of Paramoecium

are connected by means of fine fibris called kinetodesmata. The cilia,
basal granules and the kinetodesmata which make up a row are called
kinety. Thke base of each cilium is surrounded by a ciliary corpuscle.
Alternating with the ciliary corpuscles are bottleshaped organelles, the
trichocysts (Fig. 115). Each trichocyst opens through a pore found on
ridges of the pellicle. When excited by pressure or by irritant liquids the
trichocyst is discharged into a long strizted thread-like shaft with a terminal
short spine. The discharged trichocwsts may be used in anchoring the
animal on solid objects when feeding. They may be used for defence and
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Fig. 115 — Diagram showing pa-t of the neuromotor system, trichocysts and cilia
of Paramoecium

in some ciliates {Dileptus) for capturing the prey or even organs of offense.
In some ciliates the trichocytsts are filled with a fluid which has a paralys-
ing effect on other protozoans. The trichocysts are discharged as a reaction
to local contact, injury, action of weak acid solution or even when attacked
by an enemy. l

The cilia with their basal granules and longitudinal fibrils form a
neypromotor system concerned with the coordination of the ciliary action.
Another type of fine fibrils extend in the ectoplasm and are connected to
the basal granules. These longitudinal fibrils converge and join a larger
granule called motorium. The motorium and associated fibres form a
conducting and ceordinating mechanism compared to some extent to the
nervous system of metazoa.

The endopasm contains food vacucoles with food in various stages of
digestion. Toward each end of the animal and near the surface are two
contractile vacuoles. Each vacuole is rrade up of a central space surroundzd
by a system of radiating collecting canals which extend throughout the
protoplasm. The contractile vacuoles are fixed in position and associated
with the innermos: layer of ectoplasm and empty through a distinct canal
that penetrates the pellicle. There are two nuclei : a large bean or kideny-
shaped macronuclzus called the vegetative nucleus. and a small microru-
cleus which lies in a depression within the macronuclens. The micronu-
cleus contains typical chromosomes, but the macronucleus do not.

The macronucleus: is essential for normal metabolism as it controls
trophic and vegetative functions and* is responsible for the genic control
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of the phenotype. The micronucleus is a reproductive and hereditary
nucelus which gives rise to macronuclei. An animal can survive with the
macronucleus alone. If the macronucleus is lost or removed the animal
dies even if the mioronucleus is present.

Locomotion

The beating of the cilia is directed obliquely and posteriorly. This
causes the animal to rotate on its longitudinal axis as it moves. As the cilia
on the cral groove are longer and their beat is stronger than the other cilia
covering the body, so that the anterior end turns aborally, Paramoscium
swims in a spiral path (Fig. 116} when it movss forward. When moving
backwards the beat and path of rotation are reversed.

When coming, across an obstacle or an irritating ckemical substance,
Paramoecium reverses its ciliary movements, then swims back for a short
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Fig. 116 — Locomotion of Paramoeecium ﬂ
{notice spiral path while swimming). ."".,
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distance, pivots its posterior end, then it turns its anterior end aborally.
Then, it swims forward. Such reac:ion is called “avoiding reaction” which
is the basis of “trial apd error® behaviour.

Metabolism

Paramercium is a holozoic animal feeding upon other protozoans,
bacteria, algae and other small organisms. The aniamal selects its food.
Paremoecium feeds only when it is swimming slowly or when it is at rest. it
never feeds when swimming quickly.

Food is brought to the body and into the buccal cavity by the action
of the ciliary organelles (cilia in che oral groove, undulating membrane
and membranelles). From the buccal cavity the food particles are driven
by the undulating membrane through the cytosome and into the cytoph-
arynx. At the end of the cytopharynx the food particle which hecomes
surrounded with some wazer, is constricted off and dropped into the cyto-
plasm thus forming a food vacuole. Constriction of the food vacuoles is
aided by certain long fibres that extend beyond the cytosome (Fig. 117).
The food vacuoles circulate along a more or less definite path by the slow
movement of the endoplasm termed ¢yelosis. The food vacuole moves

Fig. 117 — Feeding apparats of Paramoecium
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posteriorly then forward near the aboral surface (the surface opposite the
one which contains the cytosome) to the anterior end, then posteriorly and
downwarcs to the cytopyge {anal pore) (Fig. 118). During this course
the food is digested by enzymes secrzted from the endoplasm. At the begin-
ning the food vacuole becomes small due to the absorption of water. Then
it becomes acidic probably due 10 an acid secretion. Then it increases in
size and gets larger due to the secretion of enzymes which function in an
alkaline medium. It has been shown that the digestive enzymes are found
in small vesicles surrounding the food vacuole, which later fuses with it.

Fig. 118 — Cycksis in Paramoedium

These vesicles are called lysosomes. Afiér digestion, the digested food is
absorbed through the wall of the food vacuole, while the undigestible part
of the food is rejected through a definite but temporary anal pore or cyto-
pyge (cytoproct}) which is situated on the oral surface near the end of the
cytophlhzrynx. The ahsorbed foed is stored in the form of glycogen and
fat droplets scattered throughout the endoplasm. Paramoecium is able to
digest proteins, fats and small amounts of starca are broken down.

Althcugh Paramoecium is a holozoic organista it has been possible to
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culture it in a2 medium con aining sakt solution. sugar, vitamins, amino
acids and nucleic acids. In tais cass absorption of food material takes place
through the plasma membrane and through the fluid foed vacuoles that
it continues to form.

Respiration and excretion

Respiration takes place by exchangz of respiratory gases by diffusion
through the pellicle and plasna mambrane. Nitrogenous waste products
mainly ammonia compounds and som= urates and water are excreted.
While water is given off by the comtractile vacuoles, ammeonia and other
waste products diffase throush the pelicle. Carbon dioxide and some
waste products may diffuse shrough the wall of the contractile vacuole.

Osmoregulation (water balance)

Excess water is ccllected Jrom the cytoplasm by the collecting canals.
By the fusion of small droplets drrved from the canals a large vacuole is
formed which when reaching certain size contracts to discharge its con-
tents through a narrow canal in the pelicle. The radiating canals do not
disappear entirely since they are permanent structures. The two vacuoles
puslate at different rates. Taie posterio- vacuole pulsates faster than the
anterior vacuole because of th= large amount of water being delivered into
the posterior region by the c-topharynx with the food.

Although contractiie vacucles are present in marine species, their rate
of pulsation is considerably sbwer thaxn that in fresh water species; they
probably remove water entecing whict equals the volume of the animal
in half an hour.

Behaviour

Being an active animal Pairamoezium is characterised by the coordina-
tion in the movemer.ts of its c.lia which ead to different responses toward
the various stimuli. Paramee dum behaves in such a way that it moves into
a favourable environmsnt. It usually discovers the medium by the avoid-
ing reaction which is the basit of ¢trial-and-error” behaviour. In
this method the animal tries many directions until it finds ore that
is favourable and then make its escape from the injurious environment

(Fig. 119).

The response of Peramoecizm depends on its physiological state. Thus
a hungry animal reacts in a cifferezt wzy from one that is well fed. The
responses of Paramcecia and cther protozoans are called taxes. A taxis is
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Fig. 119 — Avoliding reaction of Paramoecium

an orieatation of the body either toward — a positive response, or
away—a negative response -— from the stimulus.  Parampecium shows
negative response to mechanical objects, excessive heat or cold, irritating
chemicals, predaceous enemies total darkness or bright light. It is negatively
geotrophic. Paramoecium responds positively to mild acid solution (Fig.
120i. This response is probably associated with feeding, because bacteria
are found near decaving objects that makes the surrounding water more
acid.

Taxes are classified as follows in respect to the different stimuli :

. Thermotaxis — response to heat. Paramoecium prefers a tempera-
ture between 24°C and 28°C (Fig. 120 C).

2. Rheotaxis — response to current — Pgramoecium shows a positive
responss toward a current of water if not too swift.

3. Galvanotaxis — response to constant electric current -— it responds
positively toward! the negative pole (cathode) due to the effect of electrodes
upon the action of cilia. (Fig. 120 D).

4. Geotaxis — response to gravity — Paramoecium responds negatively
to the force of gravity.

5. Phototaxis — response to light — Pararwedum reacts positively to
direct sunlight, it avoids bright light.
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Fig. 120 — Taxes in Paramoecium : A) light : B} acid; C) temperature
1)) electric current

6. Thigmotaxis — response to contact — It avoids objeets if touched
by the anterior end.

7. Chemotaxis — response to c-emicals — Paramoecium reacts negati-
vely to most chemicals, but a positive reaction to mild acids (Fig. 120 B).

Reproduction

1. Asexual reproduction takes place by transverse binary fission (Fig.
121). While the microrucleus divides mitotically, the macronucleus divides
by direct: division (elcngation and dividing amitotically). During the
mitotic division of the micronucleus the nuclear membrane remains throug-
hout the process of divsion and the spindle extends into the polar caps that
may contain centrioles (Fig. 121). The two daughter micro- and macron-
uclei move to the opposite ends of the cell. Another cytopharynx is budded
off and two new contractile vacuoles appear, one near the anterior end
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ASSION COMPLETED

Fig. 121 — Binary fission in Paramoecium

and the other posteriorly. A censtriction furrow appears near the middle
of the body and deepens until the cytoplasm is completely divided. The
term #clone® is used to refer to all the individuals that have been produ-
ced from one individual by repeated binary fission. All individuals of a
clone are hereditarily alike.

2. Conjugation. It is a type of sexual reproduction which involves
the union of two individuvals which mutually exchange micronucleus
material. Two individuals each from a different mating type come
together and attach by their oral surfaces. Adhesion results from the seere-
tion of a sticky substance hy the cilia. then a protoplasmic bridge is formed
between the conjugants. During this process of conjugation the following
series of nuclear divisions take place (Fig. 122).

1. The macronucleus breaks up and disappears gradually being absor-
bed in the cytoplasm.

2. The micronucleus enlarges, forms a spindle and divides by meiosis
giving four micronuclei. Afte- the second meiotic division three of the
micronuclei degenerate and one remains.

3. The remaining micronucleus of each conjugant divides mitotically
giving rise to a large stationarv micronuclens (male pronucleus) which
migrates through the protoplasmic bridge inta the other animal.

4. The two nuceli fuse forming the synkaryon or zygote in which the
diploid number of chromosomes is restored. Then the two conjugants
separate and are now called exconjugants.

5. The synkaryon divides three times giving eight nuclei Four
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becoming micronuclei and four large macronuclei. Three of the micro-
nuclei are then resorbed. The remaining micronucleus divides mito-
tically to give four micronuclei. During -his process Paramsecium divides
twice giving rise to four individuals each with a macronucleus and a micro-
nucleus.

SYNKARION
21NDIVIDUALS
DIVILES 3 TIMES
CONJUGATE
MACRONUCLEUS
DEGENERATE

GIVING 4 THEN

MICRONUCLEIX 8 NUCLEI

DIVI1DE

1 AGAT a4 BECOME BECOMP
THREE IN EACH ) MACRONUCLEI
1 BEMAINS
3 DEGENERATE
REMAINING
MICRONUCLEUS ANIMAL AND
SMALL NUCLEUS " MICRONUCLET
MIGRATE DIVIDE TWICE

2 MICRONUCLE]
FUSE TO FORM

AR
SYNKARION

¥ d [l (6 AToGIVE FoUR
ANTMALS 7 (09 Y anmars
SEPARATE IR\ ;
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Fig. 122 — Diagram showing corjugation of Paramoecium

Recent studies showed that conjugation takes place only between
different mating types. Thus not every Paramcecium would conjugate
with any other individual of the same species. Conjugation is restricted
to a number of opposite mating types ana does not occur between members
of the same type. SONNIFBORN described seven varieties of P. aurelia.
In each of the first six varieties thers are two mating types designated
I and I1, while in the seventh variety thare is only one mating type. SON-
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NEBORN found that there are physiological differences between the

mating types, a fact which suggest that mating types may be considered
as sexes.

Significance of conjugation

1. Exchange of hereditary material so that each conjugant profits
from a new hereditary constitutionn

2. The macronucleus in each individual is recreated out of the micro-
nuclear material. As a result of continual binary fission \he chro-
matin metrial in the macronucleus may undergo structural abnor-
malities as the chromosomes are distribuzed at random during
amitosis.

3. Nuclear reorganization has a rejuvinat:ng effect and is necessary
for continued asexual reproduction and restoring the vital activities.

In some.species of Paramosciym it was found that after 350 continuous
generations, the asexual line (clone) will die out if nuclear regeneration
does not occur. However, many species can reproduce asexually indefin-
itely and conjugation is not necessary. These ars t=rmed “deathless clones™.

However, recent studies showed that although conjugation does not
occur in deathless clones of P. aurelia, another type of nuclear organisation
called autogamy (self fertilization) takes places. Auatogamy involves
the same nuclear behaviour as does conjugaticn but there is niether con-
jugation nor exchange of micronuclear material between two individuals.

Autogamy in P. aurclia (Fig. 123).
P. aurelia possesses two micronuclei and one macronucleus. Autogamy
takes place as follows :

1. Macronucleus degenerates and is resorbed in the cytoplasm.

2. The micronuclei undergo a series of divisions, one of which is meiotic
division, thus forming eight or more nuclei.

3. Two of the micronuceli (each with the haploid number of chromo-
somes) fuse together to form a synkaryon or zygote. The rest of the
micronuclei degenerate.

4. The synkaryon divides mitotically twice to four micronuclei in the
same way as during conjugation.
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Fig, 23 — Paramoecium aurelia. Autogamy

5. Two micronucle become macronuclei. Then, the animal and
micronuclei divice to form two dzughter individuals each with one
macronucleus arxd two miconuclel.

Cytoplasmic inheritznce and cell transformation

The studies on Parcmoecitm aurelia during recent years throw light on
the explanation of tae phenomenon of cell transformation, this is
the change of one type of cell into another type, and cytoplasmic inherit-
ance. SONNEBORN found two hereditary strains of paramacia which
he termed killer and sensitive traits. The killer swrain produces and
secretes in the medium in which it lives, particles of ribonuckoprotein the
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parameecin which kills other sersitive individuals present in that medium.
There are two factors responsible for the secretion of paramoecin :
Kappa particles (cytoplasm:c genes) found in the protoplasm and
a dominant K gene in a chremosome. Both should be present in order
that paramcecin is secreted and Paramoecium is a killer, without one or the
other Paramcecium is not a killer. Kappa particles are transmitted by cyto-
plasmic genes (plasmiogenes) from the cytoplasm of the parent animal to
the daughter animal. These p asmogenes are similar to the genes in the
nucleus. They multiply in the cytoplasm independent of the cell division.
Under certain cultural conditiors the indivdual may divide at a faster rate
than the kappa particles and the result is the production of some in-
dividuals which are devoid of :appa particles, sensitive wndividuals.

If successful mating took place between a sensitive and a killer trait
before the sensitive one is killed by paramcecir, it may acequire some kappa
particles during mating. Thue the sensitive individual is converted into
a killer which produces paramczein. Thus ore type of individuals can be
transformed to another.

PARASITIC CILIATES

Parasitic ciliates are widely distributed among invertebrates and verte-
brates where they live inside the digestive tract of {ishes, toads, mammals
including man.

1. Balantidium coli (Fig. 12-},

TROPHOZOMTE
Fig. 124 — Balantidium coli
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It s an entocommensal in the intestine of pigs and 1s passed in the
form of cysts in their faeces. Pigs are considered as a source of infection
to man. When the cvsts are swallowed by man, they dissolve in the mte-
stine and the parasite _s liberated. It lives inside the colon where it invades
the submucosa-and causes ulcers, haemcrrhage and even fatal dysentery.
It is transmitted by :he cysts,

2. Nyctotherus (Fig. 125).

It lives inside the colon of toads and frogs. The paraite is carried
from one animal to ansther by the encysted stage which is carried with the
faeces. Tadpoles are infected when they eat the faeces of toads containing
the cysts.

Fig. 125 — Ny=totherus

Ilmportance of Protezoa in biological studies and economy

The study of Protozea in recent years was given great umportance
especially the generalization which app.y to these Protozoa also apply to
higher animals. This study gives contributions to understand the basic
problems of life processes, problems of population crowding. nutritional
needs, serology and immunity. Protozeans reproduce rapidly thus giving
a large number of generations in a short time which makes them ideal for
biological' research. Many of the basic facts concerning the physicoche-
mical properties of protplasm, osmosis, permeability, behaviour of nrgani-
sms were discovered by the study of protozoans.

The study of protoaoans gave explanations to cytoplasmic inheritance



321

and cell transformation {page 31£). The discovery of mating types in
Paramoecium {page 316) may give an indication of sex.  There is a defin-
ite physiological difference betweer individuals of Paramoecium which may
be compared to what is found between sexual forms.

From the practical point of view protozoans took a great part in build-
ing up soil and forming earth; formation of plankton, responsible for con-
tamination of water; play an impcrtant role in food chains and many of
them live in ass.tiation with other animals being parasites causing serious
discases to man and his animals.

The depnsits of foraminifera and radiolaria during past geological
periods lead to the formation of a great part of the earth’s crust (page 297).
Radiolarians skeleton may be converted into siliceous rock such as flint.
Deposits of certain species of foraminifera such as Nommulitidae are
frequently associated with petroleum deposits.

Protozoans constitute a major part of the plankton in marine and
freshwater habitats. This planktor may form the important food for many
economic fish and even the largest animals, the whales which feed exclusi-
vely on plankton.

During recent years mass mortalities of fish in several parts of the world
were associated with the “red tide® which gives the water a brownish-red

Fig. 126 ~ Dianoflngeilates responsible for red tide
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tinge. The water becomes viscid vellow and poisonous to fish. Analysis
of such water revcaled the presence of a heavy concentration of 2 marine
dinoflagellate protozoan. Gymnadinium brevts or Gonyaulax (Fig. 126) which
secrete a toxic alkaloid which kills the fish. Death of the fsh may
be brought by reduc 10n of axygen in surface water. The red colour of the
water is due to the pigmented hodies within the cells.

The contaminaticn of water which may be used as a source of drink-
ing) with certain protozans makes it undesirable as a watce supply. The
presence of certain protozoans may cause a change in the taste or odour
of the water which may become bitter spicy taste, fishy odour or other
odours. Such chanzes are caused by Uroglenopsis. Euderina, Pandorina.
Volvox, Dinobryen, Syrura etc.

The presence of protoznans in the soil affects its fertility. Such proto-
zoans reduce the nimber of nitrogen fixing bacteria and thus limits
the production of nicrates e<sential for soil fertility.

A large number of protozoans live as parasites on man and his animals
and even in every known animals even protozoans themselves. Some of
these protozoans cause serious diseases to man such as Entamoeba histoly-
tica, E. gingivalis, Tripanosema sp.. Balantidium coli, Plasmodium sp. etc. In
vertebrates Opalina lives inside the intestine of toads, Trypanosoma bruceci
causes nagana diseasc of African animals. Texas fever of cattle is caused
by Babesia, Coccidia lezds to coccidiosis of rabbits, poultry and other animals.

Many protozoans live as mutua's with other animals where both (the
protozoan and the host are bencfited as in case of Trichenympha
{(mutualism), others live as commensals where one animal is benefied
while the other is not harme: as Balp-itidium cofi which is an entocommensal
in the intestine of pigs. The same protozoan lives as an endoparasite
inside the intestine of man where the latter is harmed.

In addition the study of certain protozoans such as Tokophyra may
throw light on problems of senilitv of eells.
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KINGDOM METAZOA
Subkingdom PARAZOA
Phylum PORIFERA

This phylum includes sponges or bore bearema on account of the large
nomber of tiny pores that are basic structures in cheir findamental activity,
Sponges are considered as a separate Subkingdcm Parazoa, because they
vary so much from other true Metazoa (Eumetazoa). Their organisation
does not go beyond the cellular level, neither :rue zissues or organs are
psesent. Although their cells a~e often collected into groups, their rela-
tionship is so loose that they do not form definite tissues. Thus sponges
have cellular levels of organizatisn as compared to the protoplasmic level
in Protozea. Here it is more advanced as there is a division of
labour betwen the somatic celks instead of being carried by one cell.

Sponges have unique charzcters which ju=tify élacing them in a
separate Subkingdom Parazoa in addition to their olated phylogenetic
position :

. Lack of definite germ layers which are characteristic of metazoans;
. No mouth and no digessive cavity;
. Complicated system of water canals and flagellated chambers;

B

. Absence of an integrating nervous system;

(&1

. Presence of a gelatinous mesenchyma wt.ich contains various free
cells and skeletal elements in the form of spiculss or spongin fibres.

6. They lack either differemtiated muscular tissue or a hydrostatic
skeleton.

Habitat and shape

Sponges are sessile, fixed, mostly marine primitive animals which are
attached to rocks, shells, corals or any suitzb’e substratum. They are
usually found in relatively shalow water, but some groups such as the
glass sponge live at great depths (Fig. 136). Few. species live in freshwater.

Sponges vary in size from very small organisms to large forms reaching
1 — 2 meters in diameter. Thev may be cylindrical, branching, vase-like,
irregular or globular. The appearance cf one species varies with
the different environmental conditions such as type of substrarum, velocity
of water current and wave act:on. Thus, one tpecies may have different
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growth patterns. Primitive sponges arc radially symmetrical, but most
members have lost this characters and are irregular. The study of sponges
is always understood by studying the radial species which show the
simple morphology and basic structure and histology.

Sponges have various colours: red, orange, purple. green; yellow or
dull colour. Bath sponge look much like a piece of fresh liver and may
be black, vellow. grayish or brown colour

Sponges have a commercial importance. They are used as bath
sponges, in surgical operations to pick up excess of blood, for sound
absorption and as packing material. Sponges are collected by hooks,
diving, dredging or trawling., After the living sponge has been taken out
of water it is left in shallow water to rot the soft tissues leaving the skeleton.
Then, they are beaten, washed and bleached in the sun.

LEUCOSOLENIA

This is the simplest tvpe of sponge (ascon type) which lives attached
ta the seashore. It is a colonial form consisting of a number of horizontal
branches from which vase-like vertical branches extend up into the water.
The branches anastomose thus forming a network (Fig. 127).

OsCULUM

Fig. 127 - Leucosolenia colony

Structare

The body of each branch 1s thin-walled provided with a large opening
at its free end called osculum. The central cavity is known as spengo-
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coel or paragastric cavity. The surface is perforated by small openings.
the ostia or incurrenmt (inhalent) pores which lead to the spongocoel
(Fig. 128). A continuous current of water passes through the incurrent
pores into the spongocoel and out the gscolum.

Body wall

It consists of two layers of cells, the dermal and gastral layers. A skele-
togenous layer or mesoglea is present between them.

QSCUL

Fig. 128 — Diagram of Ascon type wita its upper part cut to
show internal strusnoe

1. Outer dermal Iayer or epidermis is formed of flattened polygonal
highly contractile cells callec pinacoeytes (Fig 129). The outer margins
of these cells can be contraceed or withdrawn thus the animal can increase
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or decrease slightly in size. The movement of pinacocytes is rather amce-
boid in character than muscular. The outer ostia are guarded by porecy-
cytes which are modified pinacocytes. Each porocyte has large
tubular lumen which extends fram the outer surface to the spongocoel.
The outer opening of the porocyte can be closed or opened by contraction.

Fig. 129 — T.S. of a simple sponge, Leucosolenia

2. The inner gastral layer is composed of flagellated collar cells, the
choanocytes, which are loosely connected and resemble in their structure
the choanoflagellate protozoans (Fig. 101). A choanocyte is an ovoid cell
with one end adjacent to the middie mesenchyma, and the free end beari-
ng a flagellum surrounded by z basal contractile collar. The flagella of
the collar cells move continucuzly and create a constant current of water
bringing food and oxygen #nd removing waste products.

3. The skeletogenous layer or mesoglea is a layer of mesenchyma
located between the outer and inner layers (Fig. 129). It consists of a
gelatinous protein matrix contarning skeletal material and many wander-
ing amoebocytes.

The skeleton in sponges proides a complex framework for the living
cells of the animal. It is made up of calcareous spicules which may be
monoaxons (like needles or rocs); triradiate or quadriradiate spicules.
The spicules frequently project through the epidermis. In other types of
sponges siliceous spicules (made up of silica) or protein spongin fibres or
combinations of both are founa (Fig. 130).

The mesoglea contains differ=nt types of amoebocytes which perform
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(6} triradiate; (¢) tetraxon; 73) siliceous spicules: C) spongin fibres of
bzth sponge

different functions which in highker animals are carried by certain tissues.
The most important of the amochocytes are :

(a)

(5)

The archaeocytes (Fig. 121} which are large cells with blunt pseu-
podia and large nuclei. Taiey are primordial germ cells which give
rise to sperms or eggs and zre capable of forming any other type of
cells,

Scleroblasts which secrete the skeletal structures, spicules or spongin
fibres. After the formatior of the spicules the scleroblasts migrate
away or degenerate,

Mycocytes (Fig. 131) whch show some similarity to involuntary
muscle cells in shape and contractility. Thzy are spindle-shaped cells
found around the oseulum a1d other openings where they are arranged
like a band of cireular muscks which contro! the size of these openings.
However, they may often ke supporting ar secretorv in function.

Gland cells are attached it the surface by long strands. These secrete
slime which helps in the attachement of the animal to the substratum,

Collencytes are stellate contractile cells with numerous branches or
pseudopodia which anastomose to form z syncytuial network, thus
acting as connective tissuc cells in the mesoglea. They extend across
the spaces through which the water passes and serve to reduce the
size of these spaces when needed. In addition food storing cells, pig-
ment cells and jelly-secretirg cells are found.
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Fig. 131 — Types of sponge cells

The outer and inner layers f sponges are not comparable to the ecto-
derm and endoderm of metxzoans.

The structure of the spo-ge imposes limitations on sponges such
immobility. Due to the absence of nervous and muscular tissues compar-
able to those of metazoans, th= sponges depend for protection upon their
spicules in the body wall, or the tough spongin fibres, upon the force of
exhalent jet of water, and their capacity to contract the inhalent openings
and thus keep away the intruders. Adult sponges depend on obtaining
their food on organized hydrolic system of its canals and flagellated
chambers.

Metabolism

Sponges depend mainly on 1he water current flowing through the body
from the ostia, through the por-cytes and the spoagocoel then the osculum.
This water current is produced by beating of the choanocyte flagella. Foed,
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oxygen and waste removal even eggs and sperms are carried by this water
current.

Nutrition

Sronges feed on detritus particles, small arganisms such as protozoans,
diatorns and bacteria brought by the water current. By the action of the
flzgella of the collar cells food particles are carried to the collars. These
food particles adhering to the collars of the choanocytes are carried dowa-
wards by the protoplasmic fow to the base of the collar where they are
engulfed by the cell bodies. These are either digested by these cells, or
they are passed to the amocbocyies after partial digestion. In addition
amocbocytes engulf directly food particles. In either cases digestion is
intracelular where food vacuoles are formed and digestion proceeds in
the same way as in Protozoa. Digested food is distributed to various cells
by diffusion aided by the amoeboid wandering cells. Amoebocytes also
act as storage centres for reserve foed. Undigested food is ejected by the
amoebocytes and choanocytes into the outzoing currént.

Bespiration and excretfom.

Gaszous exhange takes place by simple diffusion between the flowing
water and the various cells along the course of water flow.

Excretion of waste nitrogenous products mainly ammonia is taken by
each individual cell by simple diffusion. The excretory products of the
sponge are repulsive t¢ manv animals, thus protecting the sponge from
being eaten by its enemies.

There is probably no nervous systemn and the reactions are local and
independent, depending on the conductivity and contractility of the proto-
plasm of the cells. Although many investigators claimed the discovery of
bipolar nerve cells in the mesenchyma (PAVANS DLE CECCATTY, 1953)
yet their claim has not been proved on physiological basis.

Reprodetisn
Sponges repreduce asexually and sexually,

Arezual repredetiom is characteristic of freshwater sponges and in
some marine species. It takes place by :

(a1 Budding : Buds arise mainly pear the base, and when reaching
a full size they either break off or remain w form a colony (Fig. 127).
(b) By the formation of aggregates of essential cells, such aggregates are
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called refnction body. In freshwaler sponges and soms= marine forms
these aggregates are known as gemmonunles (Fig. 132). A gemmule is formed
of 2 mam of archacocytes filled with reserve food material. These
cells become surrounded by other amoebocytes which secrete a hard double
shell in which spicules may be deposited between the two layers. At the
approach of unfavourable conditions — usually during autumn — a large
number of gemmmules are formed inside the sponge. With the onsst of these
conditions the parent spoage dies and disintegrates. The gemmules resist
these severe environmental conditions as freezing and drying, thus survive
during wiater or droughts. When the conditions become favourable, the
cells in the gemmule escape from the shell through a fine pore called
micropyle (Fig. 132). These cells develop and grow into a new sponge.

TNER LAYER
Fig. 132 — A gemmule of a [reshwater sponge

Sexual reprodction

Sponges may be hermaphrodite or diocious. ©Ova and sperms develop
from choanocytes or archaeocytes or even from amoebocytes. Some of
these germinal cells develop either -by- engulfing other amoebocytes or
becoming surrounded by amoebocytes that act as nurse cells. Eggs are
large cells with reserve food material, while sperms are smaller, active each
with 2 head and an elongated tail (Fig. 133).

Sperms leave the parent sponge with the outgoing current and enter
another sponge in the samme way. In the spongocoel the sperms are either
trapped by a choanocyte or an amoebocyte. In either case it is carried
to the eggs found in the mesoglea. The choanocyte (or amoebocyte) carry-
ing the sperm fuses with the egg setting freo the sperm which fertilizes the
egg to form the zygote.
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‘The zygote begins.development within the mesenclryma of the parent
sponge. The cleavage is complete and unequal giving rise to a solid blas-
tula, with small micromeres and large macromeres. It is covered extern-
ally by flagellated cells and internally it is full with archaeocytes and
amoebocytes. This larva is called parenchymaula larva which is a stere-
oblastula (Fig. 133). This flagellated larva escapes from the parent by
the water current, swims for several days then it scttles to the bottom where
it becomes attached to a substratum to develop into a young sponge. The
cells of the exterior layer lose their flagella and migrate to the interior,
where they form the choanocytes. The interior amoeboid cells migrate to
the exterior where they are arranged around the flagellate cells and deve-
lop into pinacocytes and mesenchyma and form the dermal layer. A spon-
gocoel develops later and soon becomes lined by the Ragellated cells which
develop to choanocytes and form the gastral layer. Thus an asconid struc-
ture is reached.

In the caleareous sponges as sycon a hollow amphiblastaula larva
develops (Fig. 133). This larva is characterisd by having its anterior halfl
formed of clear columnar flagellate cells while its posterior half is formed
of rounded granular cells. The amphiblastula larva swims for sometime
and settles to give rise to a sponge. The flagellated hemisphere invagina-
tes into the nonflagellated hemisphere. The non flagellated cells on the
outside give rise to pinacocytes, porocytes and skeleton-forming amoebocy-
tes. The inner cells develop into choanocytes and mesenchyma cells.

Regeneration

Sponges have a remarkable power of regencration on account of the
relative independence of their cells. Regeneration which is a common
means of reprodction may result in new individuals. Regeneration may
take place as follows : {c) some sponges constrict near the ends of the bran-
ches to fall off and regenerate into new individuals; (b) a cut part of a
sponge tissue will regenerate into a new complete sponge; (¢} if a living
sponge is squeezed through a fine cheese cloth, the separated cells reorgan-
ize afier a time and form a new sponge.

The regenerating power of sponges is used for cultivation of bath
sponges. Pieces of sponges called “cuttings’™ are attached to cement blocks;
and placed into the desired place. Afier several years sponges of com-
mercial size are produced.

Types of sponges

There are three kinds of sponges based on the type of canal system.
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l. Ascon type (Fig. 134) with a thin body wall the ostia lead directly:
into the spongocoel which is lined with choanocytes. It is radially syme
metrical. Eamples, Leucosolenia, Ascetta.

Fig. 134 — A young sponge of Ascon typec

2. Sycon type with a thick body wall which is folded to form two
types of canals connected together by tiny pores : (a) the incurrent (or
inhalant) canals lined by pinacocytes and open to the outside by ostia.
These canals end blindly rear the central sponogocol; and (b) the flagel-
lted chambers which are lined by choanocytes and open into the spongo-
coel (Fig. 135). The spongocoel is lined by pinacocytes. Examples,
Srcon, Granlia.

3. Leucon type (Fig. 135). The body wall is very thick and highly

folded with muitibranched inhalant and exhalant canals. The choanocytes
are found in special cavities opening into the exhalant canals and called



Fig. 135 — Diagram of the canal system of different types of sponges,
(airows indicate the direction of the water current)

flagellated chambers. The canals and spongocoel are lined with pinaco-
cytes. Examples, the bath sponge, Fuspongia.

Example of sponges
1.  Euplestella (Venus flower basket Fig, 136). It lives in deep water of
the sea ard its skeleton is siliceous.

2. Spengilla a freshwater spenge, yellow brown in colour due to symbiotic
zoochlorellae in the amoebocytes, the skeleton is siliceous.



3. Euspongiz (bath sponge, Fig. 136). It is characterised by its round large
body with a skeleton mads .up of spongin fibres.
E. officinalis is common in the Mediterranean especially near Saloum.

Fig. 136 — Examples of sponges. A) grass sponge; B) bath sponge; C) finger
tpange; D) tube sponge, E) sheep wool sponge; F) Venus Aower basket (glass
sponge}; ) paper sponge and H) bread sponge.
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Subkingdom EUMETAZOA

The only acellular organisms are protozoans, all the other animals are
built on a multicellular plan of structure and constitute the Kingdom
Metazoa. While Protozoa are charac:erised by their small size, Metazoa
are not only of large size but also show considerable degree of morpholo-
gical differentiation. Metazoa are divided into Agmotozoa, Parazoa
and Eumetazoa, Acellular organisms are complete organisms which often
show complicated organization and division of labour, such as skeletal
elements, locomotor devices, fibrils, beginnings of sense organs and many
others. On the other hand, Eumetazoa are multicellular animals having
cells differentiated into tissues and organs which are specialized for different
functions, The metazoan cell is not equivalent to a protozoan; it is only
a specialized part of the whole organism and usually cannot exist by itself,

In Eumetazoa in addizion to morphological differentiation there is a
physiclogical division of labour where a given part of the orgnism performs
a definite function, Thus Eumetazoa is characterised bv the presence of
tissucs, organs and systems. The animal being large, needs complica-
ted device in order to perform its vital activities; thus a digestive system
is specialized in dealing with the food; circulatory system to carry the
digested food and gases to various cells, a nervous system to coordinate the
different functions, etc.

Eumetazoa are divided into a number of phyla.

Phylurn COELENTERATA

This phylum includes the hydras, jcllyfish, sea anemones and corals.
The brilliant colouring of many species combined with a radial symmetry,
often creates a beauty that is surpassed by a few other animals. Coelen-
terates are entirely aquatic, some live in fresh water, (z.g. Hydra) but
others are mostly marine. They are characterized by :

I. The body is formed of two layers, an outer layer of epidermis, an
inner layer of gastrodermis, in between these is a form of connective tissue,
the mesoglea. The mesoglea ranges from noncellular membrane to thick
fibrous jelly-like mucopolysaccharide with or lwithout wandering amoebo-
cytes. The cells of the epidermis and gastrodermis are not grouped together
to form tissues. Furthermore, most of the cells perform the functional and
structural specialization of higher metazoans.
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2. They are tentaculate and radially symmetrical.

3. Two types of individuals are encontered : attached polyps (polyp=
many feet) with a cylindrical stalk, with an oral end provided with the
mouth and tentacles; free medusae with a body resembling an umbrella,
with the convex side upward, and the mouth in the centre of the concave
underface (Fig. 148). The meduscid mesoglea is extremely thick and
constitutss the bulk of the animal. Ccelentrates kaving this form are called
jeliyfish due to jellylike matrial forming the mesoglea.

4. Exoskeleton is made of chitin or lime.

5. There is a single cavity known as gastrovascular cavity {or coele-

nteron} provided with a single opening which serves as both mouth and
anus (Fig. 138).

6. The nerve net with synaptic and non-synaptic patterns; with some
SEOSOry Organs.

7. Presence of special stinging cell organoids called nematoblasts in
either or both epidermis and gastrodermis.

8. No excretory or respiratory systems.

9. Muscular system {myoepithelial type) is composed of an outer layer
of longitudinal fibers at the base of epidermal cells and an inner one of
circular fibers at the base of gastrodermal cells.

HYDRA

It is a solitary polyp which is common is freshwater. It is
found atached on the underside of aquatic leaves and lily pads in cool
clean fresh water of pools and streams. Hydras are cylindrical animals
that range from a few milimetres to a centimetre or more in length when
fully extended. However, the diameter seldom exceeds a millimetre. The
aboral end of the cylindrical body stalk forms the basal (or pedal) disc
for attachment (Fig. 137). This basal disc is provided with gland cells to
enable the hydra to adhere to the substratum, and also to secrete a gas
bubble for floating. The oral end contains the mouth located on a conical
cone called the hypostome. Around the base of the hypostome there is
a circle of 6 - 10 hollow tentacles. The number of tentacles increases with
the age of the individual. Hydras may have different colours depending
on the species of algae which lives symbiotically within their bodies. The
green hydra (Chlorohydra viridis) is green containing green algae.
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Fig, 187 — Adult Hydra with male and female reproductive
organs and a bud

Structure of the bedy

The body of Hydra is compased of an outer epidermis, an inner gastro-
dermis and a noncellular mesaglea which lies in between the two layers.
It is gelatinous jelly-like and has no fibers or cellular elements, It is a
continuous layer which extneds over the body and tentacles. It is thickest
in the stalk portion and thinnest in the tentacles (Fig. 138). This arrange-
ment allows the pedal region to withstand great mechanical strain and
gives the tentacles more flexibility. The mesoglea supports and gives
rigidity to the body, thus acting as a sort of elastic skeleton.



EROERMIS

t
N |
bik g

7]

Jo/

§
]
§
L
%

-’

A M

SASAL OISC

Fig. 138 — Diagramatic longitudinal section uf Hydra bearing testis,
ovary and two buds

The body wall
A’ The epidermis is composed of five main types of cells (Fig. 139).

. Epitheliosmuscalar cells which make up most of the epidermis
ard serve both for epithelial covering and for muscular contraction. Each
cell consists of an outer portion extending to the body surface, and two,
three or more basal extensions each containing a longitudinal contractile
fibre or myoreme attached to the surface folds of the mesoglea (Fig. 142).
Contraction of the fibers shortens the body. Although this layer of contra-
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ctile fibers corresponds to a layer of longitudinal musecles, it is not
composed of true muscle cels.

2. Interstitial cells are small rounded cells with relatively large
nuclei. They are located beneath the epidermal surface or between the
eipithelio-muscular cells (Fig. 139). These cells retain the properties of
embryonic cells and are capabde of transforming into any of the other types
of cells such as cnidoblast, sex cells or buds. BRIEN (1951) estimates that
over a period of 45 days all the cells of Hydra are replaced from the inter-
stitial cells.

EPITHELIO « MUUSCLE CELLq‘
. “EAVE CRLL

SNeATACYT

Fig. 139 — L-S. of the hody wall of Hydra

3. Cnidoblasts (nematoblasts) arc specialized cells containing stinging
structures or nematocysts characteristic of all coelentrates. They are found
throughour the e¢pidermis and especially on the tentacles. Cnidoblasts
are scattered all over the epidermis, and in the tentacles. They are found
m groups called batteries with a large nematoblast in the centre surro-
unded by smaller ones. A cnidotlast is a rcunded or ovoid cell with a basal
nucleus, an outer fine projection, the caidocil and a process which con-
nects it with nerve cells or the contractile fibrils of the epithelio-muscular
cells (Fig. 140). Each cnidoblast contains a nematocyst which is a capsule



Fig. 140 — Penetrant cnidoblast (nemasoblast of Hydra)

filled with fluid and contains a long spirally coiied thread. The outer end
of the capsule is covered by a lid or eap, called operculun,

Nematocysts are used for anchorage, for defense or for the capture of
prey. They are not under direct control of the nervous systern. There are
three types of nematocysts (Fig. 141} :

o A T T Nkt i —

Fig.141—Types of nematocysts
of Hydra: (a2} Penetrant;
{6) Volvent; (¢} Glutinant
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{(a) volvent with a tube closed at the end and coiled. It turns around and
entangles the prey.

(}) penetrant with an open tube and usually armed with spines and
barbs. It is discharged with such a force that the thread penetrates
the body of the prey and injects a protein toxin that has a paralysing
action. The toxic effect of nematocysts of Hydra and other celentera-
tes is not perceptible by man. Larger marine forins, e.g. Portugese
man-of-war, causes very severe burning sensation and irritation (Fig.

149).

() ghatinant in which the tube is open and sticky. It respunds to
mechanical stimuli and is used in anchoring the animal (locomotion
and atiachment) when it walks on its tentacles.

The discharge of nematocysts is brought about by mechanical stimuli
preceded by chemical stimuli, Thus neither touch alone nor the presence
of animal fluids (food) zlone causes discharge, but touch combined with
presence of food does. Under the combined effect of chemical and mech-
anical stitnuli, which are recvived and conducted by cnidecil, the perme-
ability of the capsule increases. This results in entering of the water and
increasing of the pressure inside the nematocysts which aided by the con-
traction of the cnidoblast causes the lid to be forced open. Then the tube
turns inside out and the entire nematocyst explodes to the outside. When
a nematocyst is discharged the cnidoblast is digested and replaced from
intersititial cells. Cnidoblasts are formed in a zone of growth near the
" base of the tentacles. When mature, they are carried 0.t along the tentac-
les by normal growth of the whole epidermis.

4. Mucous-seereting cells : These are tall cells found mainly on
the basal disc and around the mouth region. They are provided with
contractie extensions and preduce a secretion by which the animal can
attach itself. Sometimes they secrete a gas bubble bv which the animal
can rise and fasten on the surface of water and float (Fig. 144).

5. Sensory cells are long slender cells oriented at right angles to
the epidermal surface {Fig. 145). They are abundant around the mouth,
on the tentacles and on the pedal disc. Each sensory cell terminates near
the surface in a sensory biistle while the base gives rise to a number of
neuron-like processes or fibrils. These fibrils are attacked to a nerve plexus
found in the epidermis next to the mesoglea. Sensory cells both receive
and transmit stimuli. They serve as receptors for touch, temperature and
other stimuli.
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6. Nerve cells are located at the base of the epidermiz nextt to the
mesoglea (not in the mesoglez). They are similar to the bipolar and multi=
polar cells of higher animals, but are more primitive. The processes ara
not differentiated into axons and dendrites (Fig. 142). The processes
of the rerve cells connect with semsory cells, with the longitudinal fibres
anl epithelio-muscular cells and with other nerve cells.

Fig. 142 — Principal cell types of Hydra

B} Gasirodermis

This includes the cells lining the coclenteronr and is made up mainly
of largz columnar cells with irregular bases. It includes :

1. The nutritive-muscular cells aresimilar to the epithelio-muscular
cells, but their contractile extensions run circularly around the-body or
tentacles (Figs. 142). They are more developed in the hypostome round
the mouth where they form a sphincter and at the base of the tentacles,
When the myonemes contract they lengthen the body by decreasing its
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diameter. There are various ~ypes of nutritive-muscular cells; some secrete
enzymes into the gastrovascuar cavity: others are provided with pseudo-
podia to ingest food particles. while othzrs are flagellated, the movements
of the flagellae keep the material in the gastrovascular cavity in circulation.

In the green Hydre, the gastrodermal cells bear green algae {Jeschlo-
rella), which is an example of symbiotic mutualistt.  The algae utilize
carbon dioxide and waste to ‘orm organic compounds useful to Hydra and
receive shelter and other advantages in return.

2. Tke gland cells arc spread among nutritive cells. They are flagel-
lated club-shaped cells with their tapered ends directed toward the
mesoglea (Fig. 139). They secrete digestive enzymes. They are devoid of
muscular extensions.

3. Mucus-secreting cells are abundant around the mouth and
secrete mucus which aids ingestion, and passage of food into the
caelenteron.

4. Senmsory and merve cefls are scattered among the cells of the gas-
trodermis but are fewer than those in the epidermis.

5. Interstitial cefls : These are few and scattered among the bases
of nutritive cells. Thev may transforin into other types of cells.

The mervous system

It is of a primitive type formed of nonpolarised nerve cells arranged
to form an irregular nerve n2t or plexus, one located on each side of the
mesoglea (Fig. 143). The two nets ar: joined by interconnecting fibers.
The epidermal plexus is much mere strongly developed, and the system
is mainly concentrated in the mourh and tentacle regions. Since
the neurons are not polarised the impulses can travel in any direction.
The most recent studies in Hydra show that this system is not synaptic
but a continuocus net, thzt is the endings of the neurons are in
direct contact.

The nerve cells of the n=t arc connected to the slender sensory cells
which receive external stimuli and to epitheliomuscular cells which react
by contracting. Sensory cels may be directly connected to a contrac:ile
fibre, or to a motor nerve cell innervating a contractile fibre. All degrees
of complexity of the association of neurons are represented. The nerve net
is mainly found around the hypostome and pedal disc where nerve and
sensory cells are more numeraus. The sensory-nerve cell net and epithelio-
muscular cells form a comldnation which is called neuro-mascuolar
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Fig. 143 — Diagram showing the nerve net of Hydra

systern which represents the early step in the evolution of the nervous
system.

Bekaviour and coordination

Hydrc responds to various stimeli both internal (hunger) or external,
(i.e. temperature, light, etc.). If a tentacle is touched with a needle all
of the tentacles and the body will contract. Response to various stimuli
deperds upon the physiological state of the animal. When well fed, the
movements of Hyda are slow, but it steps up whenever it becomes hungry.
In addition, the response to stimuli depends upon the kind and intensity
of stimulus. The animal responds negatively toward strong stimuli, (e.g.
strong light, strong and injurious chemicals etc.). It responds positively
to light of moderate intesity. When subjected to a weak constant electric
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current, hydras become oriented so that the oral end is toward the anode
and the basal end toward the ecathode. Hydras, by using the trial and
error method, seek the situaticns which suit them.

Nutrition

Hydras are carnivorous, feeding upon small crustaceans such as water
fleas, Cyclops, Parmaecium, insect larvae ete. Contac: with the tentacles
brings about 3 discharge of nematocysts which paralyse and entangle the
prey. The tentacles then pull the captured prey toward the mouth, which
widely opens to receive it. Mucous secretions aid in the passage of the
prey into the gastrovascular cavity. The prey is not pushed in or swallo-
wed by muscular action. The stimulus which causes the mouth to open
is a chemical substance known as glutathione which is released from the
prey through the wounds made by the nematocysts.

Inside the gastrovascular cavity, digestion takes place. It starts with
extracellular digestion followed by the intracellular phase. In extra-
cellular digestion, the gland cells of the gastrodermis secrete trypsin-like
enzymes that begin the digestion of protzins which are hydrolysed to form
polypeptides. The beating of flagella of the gasirodermal ells aids
in mixing food with the enzymes,

The food which is in the formr of fine particles is taken by the pseudo-
podia of the musculo-nutritive cells, where intracellular digestion takes
place in the same way as in Protozoa. Digestion of proteins and fats is
continued within the food vacuoles of the nutritive cells. The produets of
digestion are circulated by cellular diffusion. Fats and glycogen are the
chief storage products of excess food. Undigested materials are ejected
from the mouth on contraction of the pody.

Locomotion

Hydra moves by several wavs, this is attributed mainly to the outer
longitudinal muscle fibres of the epidermal cells. Thus, the body stalk
and tentacles can extend, contract and bend to one side or another.
Movement mav be either by gliding, somersaulting, tloating or swimming
(Fig. 144 .

In gliding locomotion, the animal uszs its basal disc which slides slowly
over the substratum wetted bv muscus secreted from the mucous glands.
In “measuring worm” movement hvdra bends over and ‘attaches its
tentacles on the substratum. then slides its hasal disc up close to them,
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Fig. 14+f — Methods of locomotion of Hydra: 1. conmracted; 2. extended;
3. floating on the surface; 4. rising to surface by gas bubble; 59, moving by
“somersaulting’; 10-13. locomotion th=t of n measuring worm (looping)

and then releases the tentacles and takes an upright position. Hydre moves
by “somersaults’ where it extends its body as much as possible, then it
is bend 10 one side and the tentacles are fixed to the substratum by the
aid of glutinants. Then the basal disc deraches and the animal stands on
its tentackes. The body contracts and exrends then bends to place the basal
disc on the substratum. The tentacles are released from the substratum
and the animal takes an upright position. This movement is repeated
several times, thus carrying the animal from one place to another.

Sometimes Hydra uses its tentacles as tegs for walking. It takes an
inverted position, the tentacles are fixed to the substratum and are used
for walking. In floating the basal disc detaches and secretes a gas bubble
which carries the animal to the surface where it can Aoat in an upside
down position. In such position it can be carried by the water currents.

Respiration and excretion

There are no special respiratory or excretory organs. Every cell is
actually exposed to water either on the outside of the body or within the
gastrovascular cavity. Exchange of oxvgen and carbon dioxide takes place
through the general body surface. Excretions of waste nitrogenous matter,
mostly ammonia, takes place also by diffusion through the body surface
into the surrounding water. It is believed that the gastrodermis of the
basal disc accumulates waste substances which are discharged through a
temporary pore on the basal disc.

Reprodction

Hydra reproduces cither asexmally or sexually.

Asexual reproduction takes place by budding where one bud (or
several buds) develops as a simple evagination of the body wall which
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gradually grows and elongates. At its distal end 2 mouth and tentacles
are formed and the cavity-of the bud is continuous with that of the parent
Hydra (Figs. 137 & 138). When mature, the bud separates from its parent
and becomes an independent Hydra. Budding occurs when the conditions
are favourable especially during the warmer season. Buds are usually
formed at the budding zone found at the junction of the gastric region
and stalk.

Asexual reproduction may take place by fission which may be longi-
tudinal or transverse. Every portion will grow to give rise t6 a complete
animal. TREMBLEY (1744} showed that if Hydra is cut, even into eight
pieces, every piece (containing the two layers) will grow to form a com-
plete individual.

Sexual reproduction involves the formation of gonads which are
common in the autumn. The eggs which are formed are used as a means
by which the species can survive the low temperature of winter. Most
hydras are dioecious, but some species are monoecious or hermaphrodite.
The formation of the gonads may be promoted by reduction of water
temperature. Recent studies, by LOOMIS, however, showed that the high
pressures of free carbon dioxide and reduced aeration in stagnant water
may be responsible for the appearance of gonads.

Carbon dioxide was thus termed the ‘sex gas’ which when present in
certain concentration induces the formation of gonads.

Gonads are temporary structures which originate mainly from the
interstitial cells. Generally in monoecious species the testis are located
in the epidermis of the upper half of the stalk, and the ovaries in the lower
half. In each ovary a single egg is formed, while the other interstitial cells
serve as food for the egg. Then, the egg undergoes two maturation divisions,
thus producing two polar bodies and the egg with half the number of chro-
mosomes. When the egg matures the epidermis lying over it reptures and
thus it is exposed.

The testis is a conical swelling where the sperms are formed all with
the haploid number of chromosomes (Fig. 145). When mature the sperms
escape from a nipple at the tip of the testis, The sperms penetrate
the exposed surface of the egg and fertilization takes place, The formed
zygote undergoes hcloblastic cleavage and forms a hollow blastula (Fig.
145). The outer layer of the blastula becomes tke ectoderm which later
forms the epidermis. The endoderm is formed by the inner part of the
blastula, which at the beginning is in the form of a solid mass. Later a
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YOUNG HYDRA
COMING OUT OF Cynp

Fig. 145 — Sexual reproduction of Hydra

cavity, the coelenteron, appears in the endoderm which forms the gastro-
dermis of the adult. About this time, the embryo is covered by a chitinous
shell, then it drops off the parent and remains in this protective cyst through
the winter. When the conditions become favourable development is
completed, then the shell ruptures and a young Hydra hatches cut which
soon grows into the adult condition.
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Regeneration

Regeneration is .he process of replacing lost or injured parts of
an organism or even of forming a whole organism by a small part. Hydra
has great abilities to -estore lost partz through regencration. This power
of regeneration of Hydwa was discovered by TREMBLEY (1745) who found
that if Hydra is cut into eight pieces, each piece will give rise to a new
individual. Even pars of individuals of the same species or different species
may be grafted togerher even tzough these fragments are too small to
grow independently. The ectodermal cells with their amoeboid processes
are responsible for this fusion. If a Hydra is splitted hrough the mouth,
a two headed individ ial is formed (Fig. 146). If the hypostome and ten-
tacles are cut off, thzy will give sise to new individuals.

Fig. 146 — Regeneratn of Hydra : 1. splitting Hydra through mouth 17 and
hypostome. will give rse to two headed Hydra; (1™); 2. when Hydra is cut into
parts (27) eaca part will give rise to a whole individual 3, 4, 5.

Investigations by BRIEN and BERRILL on thz growth pattern of
Hpydra indicate that it may be considered immortal. They showed that
there is a growth zone just below the tentacles (Fig. 147). The cells that
arise from this growth zone make their way upward to the tip of tentacles,
and downwards to t-e base. The renewal of the cells of all the individual
takes place in about 43 days and appears to continue indefinitely. 1t is
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Fig. 147 — Hydra, Diagram showing renewal of all cells from a growth
zone below tentacles

found that if the interstitial cells are destroyed by X-rays the Hydra will
live only for few days.

When a Hydra is turned out, either by natural or artificial means, either
it turns itself right side out or migration of the inside cells to the outside
and the outside cells to the inside thus restoring the original arrangement
of the cells. Recently MARTIN MACKLIN (1968) showed that cell
migration across the mesoglea takes place only in damaged areas. Regen-
eration of everted Hydra occurs as a result of re-turning by two methods :
{a) slow returning resembling the turning of a sock when it is being
removed; and (b) fast returning cawsed by a rapid contraction by the
everted animal followed by relaxation to the normal body layer prientation.

4



352

Classes of COELENTERATA

Class | HYDROZOA

This is chareterised by : (¢ the mesoglea is never cellular: (& the
gastrodermis lacks nematocysts and (¢} the gonads are epidermal and if
gastrodermal the eggs and sperrs are shed directly to =he outside and not
into the gastrovascular cavity Hydrozoa includes solitary or colonial
forms. They may be either in tae polyp form as in case of Hydra or medusa
form as Phy:alia, the portuguese man-of-war (Fig. 149). Some species pass
through both forms dusing th=r life cyvcle as Obelia (Fig. 148 .

ORAL CIST

Fig. 148 — Representatives of cockntrates . A jelly fish Aurclia; B) sea ancmone:
C) Obc<la (part of a colony)
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Fig. 149 — Portuguese man-of-war, Physalia physalia with stinging organelles
which secrete a powerful neurctoxin

Clazss 2 SCYPHOZOA

These are usually called jellylish. The medusa is the dominant and
conspicucus individual in the life cycle, the polyps being a small larval
stage. Members of this class are characterised by : (a) the mesoglea is
thick, gelatinous and fibrous. It contains amoeboid cells and is = true cel-
lular layer; (b} the gastrovascular cavity is divided into pouches by septa
which arz provided with threads and nematoeysts; (¢) the gonads are
located in the gastrodermis. The largest jellyfish, Cyanea may be 3.6 meters
in diamezer and have tentacles 3) meters long. They live in the North
Ailanitc Dcean,

Examples : Aurelia (Fig. 148). and Physalia (Fig. 149).

Class 3 ANTHOZOA (Actinozoa)

This includes solitary or colonial polypoid coelentrates in which the
medusa is completely absent. It includes sea anemones; corals; sea faps,
etc. All are marine forms which are most characterised by a calcareous
exo- or endoskeleton. It is characterised by : (a) absence of the oral cone,
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the mouth leads into a tubula* pharynx that opens into the gastrovascular
cavity; (§) the gastrovascular -avity is divided by longitudinal septa (mes-
enterics) into many compartrments, the edges o. the septa are provided
with nematocysts; and (¢) the gonads are gastrodormal and the mesoglea
is cellufar.

Examples : sea anemones (Fig. 148); corals Fig. 150) as organ

Fig. 150 — Varictis of corals. A. wtar coral Pocllipora grandis, B finger-like

madreporz, Madrepora digitata: = brain coral Meandnina sinuosa. D+ mushroom

coral, Fungia dentata: E staghora coral Madrepora cervicornis and F red coral.
Corallium rubrum
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pipe coral (Tubipora); the brain coral (Meandrina}; fungus coral (Fu-
Agia) etc.

Corals live in shallow warm seas. The polyps are alive only on
the surface of coral massses, and aze rarely found below 60 meters depth.
The Great Barrier Reef of the Australian coast is more than 1000 miles

long. The Red Sea is rich in coral reefs which render navigation difficult
in certain regions.

PHYLUM PLATYEHELMINTHES

General consideration

The flat worms are acoelomate animals which are more highly organised
than coelenterates. The development of an extensive mesoderm (which
is a mass of cells separating the ectoderm from endoderm) has resulted in
the formation of a number of organ systems such as the digestive, excretory
and reproudctive systems. Thus there is more specialization and more
division of labour resulting in more definite tissue layers to form orgaus.
In flat woems there is tissue-organ level of differentiation which is more
advanced than the tissue level of organization of coelenterates.

The body of flat worms is differentiated into an anterior and posterior
ends and dorsal and ventral surfaces, thus showing a bilateral symmetry
which is contrasted to the radial symmertry of coelenterates. The flat worms
are considered as the most primitive of all the bilateral phyla which include
the rest of the animal kingdom. In flat worms well developed muscular
layers occur. The development of muscular contraction and musclé fibres
frecly and at any point in the mesenchyma is found in flat worms instead
of being restricted to the outer epidermis or inner gastrodermis of coelen-
terates. Lizestion is mainly extracellular, a character associated with the
increase of size of animals. The nervous tissue is more developed than that
of coelenterates with « tendency towards centralization of the nervous
system by the formation of nerve cords provided with ganglia,

Parasitism is common among flatworms. Associated with parasitism
there is a tendency to lose or have reduced some of the structures found in
free-living forms. In addition the reproductive capacity is greatly develo-
ped, and many parasites are adapted to live in more than one host.
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General characters

1.

Animals with their hody formed of an outer ectoderm, an-inner

endoderm and a middle cellular mesnderm.  There is no definite
body cavity

. Bilaterally symunetrical with definite polarity nf an anterior ana

posterior ends.

. Body flattened dorsoventrally, and hence ther name Platyhelmin-

thes {platys, flat; helmin, worm), with an oral and genital openings.

. The digestive system is primitive with a single opening, the mouth

{anus is absent). In somne species it is absent.

The muscular system is in the form of a sheath which originates
from the mesoderm and forms circular, longitudinal and oblique
muscle layers beneath the epidermis, in addition to a mesenchymal
system of fibres. The arrangement of muscle layers allow the flaz
worms to deform reversably their bodies by twisting and flattening
to an extent that cannot be reached by coelenterates.

. The nervous system consists of anterior gangliz with longitudinal

nerve cords connected by transverse nerves (ladder type) and loca-
ted in the mesenchyma in most forms.

. The excretory system is composed of two lateral canals with

branches ending in flame bulbs (cells).

8. Simple sense organs and eye spots are found wn some species.

9. The respiratory, circulatory and skeletal systems are lacking.

10.

Most forms ars monoecious.  The reproductive sysiem is well
developed.

Classification

Phylum Platyhelminthes is classified into three classes :

Class Turbellaria (L. terbella, a stirring). Mostly free-living worms.
The bedy is soft; epidermis ciliated at least on the ventral surface; mouth
located on the ventral surface; epidermis with rodlike bodies, the rhabdites.

Example : Dugesia (Fig. 133).

Class Trematoda (Gr. trematodes, with holes

. Zcto-or endoparasites,

with 2 thick tegument, no cilia, most species possess suckers: alimentary
canal with two branches, mostlv monoecious.
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Examples Fasciola (Fig. 159y, Schistosoma (Fig. 163), Heterophyes (Fig:
1663.

Class Cestoda (Gr. kestos, girdle : cidos, form), All are parasitic
usually with alternate hosts. Ribbanslike in shape with a thick tegumcnf;
The body is divided into a series of segments (proglottids) ; alimentary camal
and sense organs are lacking, #n anterior scolex provided with suckers or
hooks or both for attachment.

Example : Taenia (Fig. 168), Dipkyllobothrium, Echinococcus (Fig. 172)
and Hymenolepis.

MUCOUS GLAND CELL

MESENCHYMAL MUSCLES

MESENCHYMA CELL

INTESTINE

P, -
ARENCHYMA wws LONGITUDINAL MUSCLE LAYER

TCIRCULAR MUSCLE LAYER

Fig. 151 — T.S. through the body of 8 freshwater planarian

GENERAL ORGANIZATION OF FLAT WORMS

Structure of the body wall

The body wall in flat worms differs in both free living and parasitic
worms. In the free living planarians the epidermis consists of a single
layer of cuboidal cells resting on a basement membrane. The epidermal
cells on the ventral and lateral surfaces are ciliated (Fig. 151). They containt
rod-shaped bodies called rhabdoides (rhabdites), which when dis«
charged into water swell and form a protective gelatinous sheath around
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the body. In addition there are single mucous glands which are located
within the epidermis or underneath it but they open on the surface.

The epidermis is followed by the muscle fibres which form the circular,
diagonal and longitudinal muscle layers. A network of parenchyma
{mesenchyma) cells fill the spaces between the musclez and visceral organs.

In parasitic flat worms (Fasciola and Taenia) the body wall is charac-
terised by the lack of cilia and the presence of an outer thick tegument or
epidermis — the so-called cuticle. The electron microscope revealed that
the tegument is composed of syncytial living protoplasm — rather than
lifless secretions — that represents extcnsions of deeper laying nucleated
cells ie. tegument-secreting cells (Fig. 152). In trematodes the outer
surface is smooth and is provided with small sharp spinules which are used
to fix the fluke inside the tissucs of the host. In cestodes {Taemia}
the outermost surface contains microvilli which may serve to increase the
absorptive surface. The tegument contains pinocytic vesicles, cytoplasmic
reticulum and in its deeper layers mitochondria. The tegument lies on 2
basement membrane followed by circular and longitudinal muscles layers.
A diagonal muscle layer may be present. The dorsoventral muscles con-
nect the dorsal and ventral surfaces of the body to ensure the maintenance
of the flattened body form. The mesenchyma (parenchyma) lies under-
neath the muscle layer and is formed of large branching cells with a syncy-
tial network of fibres with spaces filled with fluid. The mesenchyma fills
the spaces between the various organs and body wall (Fig. 152).
The parenchymatous tissue acts as a hydrostatic skeleton which is less easily
deformed as compared to the fluid enclosed in a cavity.

Digestive system

The mouth leads to a2 pharynx which may be muscular and serves as a
suctorial fore gut (Figs. 153 and 15%4). The pharynx leads to a
short oesophagus which joins the intestine which has two or three blind
branches or cacca. Each caecum is provided with a large number of diver-
ticula which increase the digestive and absorptive surfaces. The wall of
the intestine (gastrovascular cavity) is lined by large colurunar epithelial
cells and small gland cells. The free living turbellarians capture their prey
by entangling them in the mucous secretion. Then they ingest the prey
by swallowing or by a sucking or pumpirg action of the pharynx. At the
beginning, digestion is extracellular where the gland cells of the intestine
secrete proteolytic enzymes that disintegrate the ingested food. The food
fragments are then engulfed by the phagocytic cells, in which digestion
is completed intracellulary. The digested food is absorbed through the
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Fig. 152 — L.S. of the body wall of flzt worms : A) Fasciola (a trematode) :
B) Taenia (a cestode)
wall of the intestine and its diverticula where it is distributed to the various
parts of the body (Fig. 154).

Planarians can live for a long time without food. They draw their food
by digesting their own tissues, the reproductive organs, then the mesen-
chyma, muscles, etc. The body volume may be reduced to as little as
1 : 300 of the original. When they feed again they regenerate the missing

parts.
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Fig. 153 — A planarian {Dugesia)

In trematodes such as the Fascols (liver fluke) (Figs. 134A)
and Schistosoma (blood fluke) (Fig. 163) the worms feed on the blood,
lymph, and tissues of their host. In addition amino acids and sugars may
be utilised from the blood of the host by pinocytosis through the tegument.
The food passes from the mouth into the pharynx by its museular action,

ANTERICA  DUCKER

Fig. 154 — Fasciola hepatica :
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then to the intestine where digestion and absorption takes place. The
caeca, diverticulae, and parenchyma ensure the distribution of digested
food to various cells. The undigested food is rejected through the mouth
aided oy the muscular contraction of the worm.

In cestodes (e.g. Taemia) there is no alimentary canal and ready-
digested food passes through the pinocytes in the tegument by some kind
of active process called pinocytesis and not by simple diffus‘on.

Nervons system

It is more advanced over the nerve net of Hydra. It js composed of
two cerebral ganglia (brain) in the head region coataining nerve cells, and

ANTERIOR SUCKER

NERVE  RING

CEREBRAL GANGLIOMN

LATERAL NERVE CORD

TRANSYERSE  COMMISSURES

Fig. 155 — Fasciola lepatica. Nervous system

connected together by a circumpharyngeal nerve ring (Figs. 153 and 155).
From the latter two main longitudinal lateral nerve cords extend posteri-
orly. The ventral nerve cords are connected with each other by transverse
nerves giving the appearance of a ladder. From the lateral nerves extend
peripheral nerves, while short nerves from the brain innervate, the anterior
end and sensory organs (eye spots in planarians).

This well developed nervous system is found in both free living and
parasitic flat worms. Its presence n parasitic worms, which live in a con-
gtant environment, is difficult to explain.
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The sensory orgams are well developed in free living flat worms.
These inclue the eye spots and sense organs concerned with taste, smell,
touch and reception of water currents. The eye spots are cup-like structures
lined with black pigmented cells and filled with retinal cells with photo-
sensitive ends (Fig. 156). "The ends of the retinal cells continue as nerves
that are connected to the brain. 7The eye spots are located in a nonpigmen-
ted area and are sensitive to light intensities and can distinguish the
direction of light source. The pigment cups serve as shields which allow
light to reach the light-sensitive ends of the cells through the openings of
the cups only, thus pzrmitting thc animal to respond to the exact direction
of the light source. Planarians are mainly uegatively phototactic and are

most active at night,

EPIDERMIS

PIGMENT  cEp

SENSITIVE CEWL

Fi3. 155 — Section through the cye of a planarian

In addition to the eve spots there are the chemoreceptors which are
scattered allover the body, but more concentrated in the head region.

In parasitic flatworms the sense organs are degenerate or completely
absent and this is associated with the constant environment in which they
live. Their free living stages may be provided with sensory organs.

Excretory system

This i3 in the form of tubules scattered in the mesenchyma throughout
the body, and is not connected in the form of compact organs as in higher

animals.
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It consists of a single median excretory tubule or two lateral tubules
extending throughout the body and open to the exterior by excretory pore
or pores (Fig. 134). The main tubules are connected to a network of cilia-
ted -ubules which branch to all parts of the body and end in flame bulbs
or flame cells (Fig. 157). Each flame cell is hollow and contains a tuft of
cilia arising from basal granules. A flame cell has an outer thin elastic wali
provided with a nucleus. The cilia of the flame cells which are joined at
their distal-regions, beat eontinuously like the flickering of a candle flame
and hence their name. Beating of the cilia carries excess water and some
wastc metabolic products into the wuhules by the hydrostatic pressure of
the flame cells. Water and waste products diffuse into the cells 2nd then

into its cavity, where it is pumped into the excretory tubules by the action
of cilia.

A HNJLY FLAME CELL

Fig. 157 — Excretory orgons of flatworms

In free living flatworms the main function of the excretory system is
water regulation, thus it acts as a water balancing organ removing excess
water. Excretion of nitrogenous wastes takes place by certain eells in the
fine tubules and also through the epidermis and gastrodermis.

Respiration.

"“here are no special respiratory organs. Respiration takes place by
diffusion of the respiratory gases through the body surface into the
surrounding water where the worms live, or into tke fluids of host in para-
sitic worms. This is aided by the thinness and flattening of the body.
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I the parasitic worms as Fas¢iola oxygen is obtained from the bile and
adjacent tissues. Fascicla lives under relatively anaerobic conditions as in
the liver oxygen is not abundantly present. Ynder such conditions anae-
robic respiration takes place where glycogen undergoes anaerobic glycolysis
to pyrivic acid. The pyrivic acid i decarboxylated to form carbon dioxide
and an acetyle group. The latter combines with coenzyme A to
form acetyl-coenzyme A, which is then condensed and reduced to form
fatty acitls. Thus the products of respiration are carbon dioxide 2nd fatty
acids. " The carbon diaxide leaves the bedv by diffusion through the body
surface. Fatty acids-being relatively inséluble and less reactive than lactic
acid-which is produced in most animali —are this excreted by the way
of excretory system.

In blood flukes (Schistosoma) oxygen is obtaind from the blood in
which they live.

Regeneration

Planarians have grzat power to regenerate lost parts. If a planarian
is cut into two portions, each part will regenerate into a whole worm. Also
if it is cut into three pieces, three whole worms are regenerated (Fig. 158).
The capacity of regeneration is related to ceriain cells of the mesenchyma,
(Le. neoblasts) which retain their embryonic nature and can proliferate
and differentiate into the different tissues of the worm. Recent work
reveals that when a planarian is cut across, the neoblast cells migrate to
the cut surface and azgregate there to form a blastema, which develops
into the new part. If a worm is =xposed to X-radiation the neoblats are
destroyed and no regeneration will occur. Neoblasts may be attracted
to the cut region by chemical substances which cease when the blastema

formed (Fig. 158).

Regeneration in planaria was used by C.M. Child as evidence of the
axial gradient theory. According to this theory, there is an anterior-poste-
terior gradient of a physiological nature. Thus the metabolic rate is grea-
test at the anterior end and decreased gradually to the posterior end. In
any piece a head will regenerate on the cut end with the higher metabolic
rate, while a tail will develop on the cut surface with lower metabolic rate.
If a narrow piece is cut from a planarian just back of head, two heads will
regenerate on either surfaces, being of nearly the same high metabolic rate.

In addition to regenerating lost parts, planarians may be grafted in
such a way as to produce strange designs such as two heaus or two tails.
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Fig. 158 — Regeneration in 2 planarian, a worm is cut into four picces:
A) regenerages a tail; B) regenerates two heads; C) regenerates a head
and a tail; D) rcgenerates a head; E) & F) if head is split a double
headed worm results

Also if a worm is cut through the head region till the middle, a two-headed
worm is produced, just the same as two headed pig or dog.



CLASS TREMATODA
1 — Liver Flukes

FASCIOLA HEPATICA

(Sheep Liver-fluke)

It is an endoparas:te living in the liver and bile ducts of sheep, cow.
cattle and pigs where .t causes serious damage, in addizion to high morta-
lity among infected animals. This fluke may infect man but this occurs
rarely. In Egypt the most common species is Fasciola gigantica which is
slightly different in its morphology and life cycle than F. hepatica.

External features (Fig. 159).

The fluke is leaf-lik= reaching 25 - 30 mm long with an anterior conical
lobe in the middle of which there is an anterior oral sucker surrounding
the mouth. The vent-al sucker which is larger, lies on the ventral sur-
face behind the head lobe. Both suckers are used for attachement to the
host. The genital pore lies on the ventral side anterior to the ventral
sucker. The mediar. excretory pore lies at the posterior end.

EXCRETORY PORE

Fig. 159 — Fasciola hepatica, Ventral view of adult
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Reprodactive system

The liver fluke possesses a complicated hermaphrodite systemn where
a complete set of male and female organs are found in each animal.

Male reproductive organs (Fig. 160).

The two branched testes lie one behind the other, at the posterior half.
The two vasa defferentia one leading from each testis, unite near

MOUT™H

PHARYMNX

GENITAL ATRIUM

VENTRAL SUCKER

~UTERUS

" | MEHUS  GLAND
" o

X TRANSVERSE  YOLK

DUCT

P Y OLY RESERVOIR

POSTERIOR TESTIS
LONGITUDINAL

yoLx OuctY

EXCRETCRY PORE

Fig. 160 — Fasciola hepatica. Diagram showing reproductive system
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the ventral sucker, to form the seminal vesicle. From the seminal vesicle
parrow cjaculatory duct extends to open into the duct of a2 musculer
copulatory organ, the cirrus (penis) which protrudes during copulation.
Several small prostat glands open into the ejaculatory duct (Fig. 161)
The cirrus, ejaculatory duct and prostate glands are surrounded by the
cirrus sac. The latter opens into the genital atrium by the male genital
opening.

The female reproductive organs {(Figs. 160 and 161).

The femazle system consists of a single branched ovary which lies in front
of the testes to the right of the mid line. A short oviduct carries theovatoa
centrally placed cotvpe which is surrounded by Mehlis’ gland (ootype gland).
The ootype receives a short common vitelline duct which carries vitelline
cells necessary for the development of the embryo. The two yolk glands
occupy the lateral and posterior regions of the body. The yolk (vitelline)
cells are carried hy two lateral longitudinal yolk ducts from each of which
arises a short transverse yolk duct {Fig. 151). The right and left transverse
ducts open into a median triangular vitelline reservoir from which the

GEMNITAL PORE o

GENITAL ATRIUM

CIRRUS
VAGINA
EIANCULATORY DUCT
R
FROSTATE GLANDS CIRRUS SAC

VESICULA SEMINALIS

LAURER'S  CANAL . e OITYPE

d
g}ﬁ COMMON VITELUNE DUCT

TRANSVERS; VITELLINE DUCT YOLK RESERVOHR

Fig. 161 = Diagram to show the genital ducts of Fascicla hepatica
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short common median vitelline duct extends. From the point of junction
of the vitelline duct and ootype, originates a short Laurer’s canal whichl
opens on the dorsal surface of the fluke. This canal is considered as vestigia
vagira and may be uvsed for copulation, for the discharge of excess sperma-
tozoa or yolk cells or for the passage of eggs. The Mehlis’ glands are uni-
cellular glands which give a secretion to lubricate the passage of eggs into
the uterus and increase the rigidity of the egg shell. The Mehlis’ gland
secretion may activate the spermatozoa but it does not secrete the egg shell
as the latter is secreted by the volk glands (Fig. 161).

From the ootype arises a wide convoluted uterus which opens by the
female genital pore into the genital atrium. The ootvpe is considered as
the place wheie the various parts of the egg are assembled.

Life cycle (Fig. 162).

Fertilization takes place between two different flukes i.e. cross fertiliza-
tion, where the sperms are passed from one animal to the other by the
penis being inserted in Laurer’s canal or the uterus. Self fertilization may
occur where the sperms of the same fluke are introduced into the female
genital opening and pass down the uterus. Eggs are fertilized in the oviduct
where they become surrounded by the yolk and shell formed by granules
in the yolk cells. When completed the eggs pass into the uterus where deve-
lopment begins, then they are discharged into the bile ducts of the host
from where they reach the intes:ine and are passed out with the faeces.

1. Egg (Fig. 162).

The fertilized egg is comparatively large (about 14Uu) and is provided
with a small lid or operculum which is used for the exit of the larva. After ~
fertil’zation the egg divides to give rise to two types of cells; somatic cells
which develop to form the larva {miracidium}, and germ or propagative
cells which will give rise in later stages to other larvae.

2. Miracidium

When eggs are shed with faeces into water they continue development
under favourable conditions of suitable temperature (22 — 23-C), sufficient
oxygen, and pH 6.5. After 2 — 5 weeks the eggs hatch and small ciliated
larvae, the miracidia, force their way through the operculum. This process
is facilitated by proteolytic enzymes which erode the lower surface of the
operculum, The conical-shaped miracidium is a free living stage covered
by cilia, with an anterior protrusible apical papilla on which opens the
apical gland. On the sides of the apical gland there are small penctration
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PFNETRATION GLAND

INTESTINE

BIRTH PO
L SPOROCYST

GERM CELLS CUTICLE

Fig. 162 — Life cycle of Fazciola hepatica

glands. At the anterior end there is the larval brain and a pair of pigmen-
ted eye-spots. On either side of the body there is a protonephridium with
two flame cells. Near the posterior erd there are germ cells. (germ balls,
Fig., 162).

The miracidium, which is not a feeding stage, swims in the water or
the surface film, but dies after 8 — 24 hours if it fails to find its intermedi-
ate host. The intermediate host is the snail Lymnaca truncatula (L. caillaudi
in F. gigantice,) which is common in freshwater and pastures.

Larva in snail

When the miracidium 1eaches its intermediate host it penetrates its
tissues by the aid of secretions of the penetration glands. In the large blood
spaces at the roof of the pulmonary cavity of the snail, the miracidium
sheds its ciliated epidermis, and passes to where it is transformed into an
elongated sac covered with a thin cutiele and containing mesenchymra and
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propagative cells. This stage is called sporocyst where the propagative
cells develop into other larvae called rediae (Fig. 162). The rediae pass
out of the sporocyst and develop in the digestive gland of the snail. A redia
is an elongated larva with an antericr mouth, a muscular pharynx and a
simple intestine. It is provided with an anterior muscular collar, a birth
pore and a pair of posterior muscular processes.

Each redia contains propagative cells (germ balls) which in summer
give a second generation of rediae, and in winter produces cercariae. The

cercariae formed in the first or second generation of rediac escape from
the birth nore.

The cercaria (Fig. 162).

The cercaria has an oval body and a long unforked tail. It-contains
the rudiment of most adult organs. 1t has a small anterior sucker surround-
ing the mouth, a large ventral sucker, a sucking pharynx leading to
a short oesophagus and intestine with two branches. In addition there is
a pair of excretory tubules with a number of flame cells. Rudimentary
reproductive organs are also found. The epidermis is shed and is replaced

by tie tegument. Underneath the tegument there are muscles and epide-
rmal cystogenous glands.

After the exit of the cercaria from the birth pore of the redia it
migrates through the tissues of the snail into the pulmonary chamber then
to the exterior. The time taken from the enterance of the miracidium till

the cercariae are set free is about 5 to 6 wecks depending on the
temperature.

The cercariae swiin in water for few days by the aid of their tails.
After which they become encysted by losing their tails and the secretion
of chitinous shells by the cystogenous glands. Encystment takes place
mainly in water or on vegetation on which the primary host feeds. The
encysted cercariae are called metacercariae. These can live for a year
provided that they are not exposed to direct sunlight or complete dryness.
On vegetation the metacercarize live fo[ a few weeks.

if the metacercariae, which are the infective stages, are swallowed by
the primary host either while drinking or feeding, the cyst walls are diges-
ted in the intestine. The young flukes bore their way through the wall of
the intestine and migrate into the body cavity. After wandering in the
body cavity for 3 — 5 days they enter the liver by boring through
its capsule causing serious damage to the liver and bleeding in the bedy
cavity. The young flukes may enter he bile ducts from the intestine. After
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feeding on the blood and tissues of the liver, the flukes enter into the bile
ducts and bile passages where they become fixed by their suckers. They
become sexually mature (adults) within 3 to 4 months.

Man may get infected if he swallows the metacercaria but this occurs
rarely. It the adult flukes are eaten by man — and this occurs when eating
raw liver; a habit in Sudan, Lebanon and other countries — the fukes
stick to the mucous membrane lining the pharynx, larynx, glottis or even
nasal cavities where they cause se.ious inflamations and difficulty in re-
spiration or swalluwing., If the flukes are passed into the intestine
they are digested.

Control and Pathology of Liver Rot

The liver fluke causes a disease called “Liver rot” in sheep, gnats,
cattle and numerous other vegetarian animals. This disease is caused by
the irritation of the tegumentary spinules of the flukes. The animals be-
come weak, lose widigt, functions of the liver are upset, decrease in the
armount of milk and reproductive capacity. This is due to the toxins secre-
ted by the flukes. When there is a large number of flukes in the liver, the
host dies.

The disease can be controlled by the [following measures :

1. Infected animals must be treated by the use of suitable drugs as
hexachlorothane which kills most of the Hukes.

2. Killing the secondary host, Lymnaea by draining pastures where the
snails live, or by introducing ducks which feed on the snails.

2 — Blood Flukes
SCHISTOSOMA (BILHARZIA)

'The adult worms (S. mansoni) live chiefly in the mesenteric blood vessels
of the intesine and in the veins of the liver, or in the blood vessels of the
bladder (S. haemaiobium). The two species are parasitic on human being,
some other species are parasitic on birds and mammals. Infection by these
fukes is known as schistosomiasis or bilharziasis which is common in many
countries : Morocco, Algeria, Tunis, Egypt, the Nile Valley, South Africa,
Uganda, Congo, Arabia, Palestine, Persia, Iraq, Cyprus, China, South
and Central America and Southern Europe.
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Bilharziasis of human heing is caused mainly by three-different species 1

1. Scilstosoma haematobium (BILHARZ 1832) causing vesical bilharziasis.
2. S. mansoni (SAMBON, 1907) causing intestinal bitharziasis.
3. 8§ japonicum (KATSURADA, 1904) causing asciatic bilbarziasis.

SCHISTOSOMA HAEMATOBIUM

General morphology

The blood flukes are diceciouws, but wusually males and females

are found tegether in pairs during most of their sexual life. The worm
can live in human being for 26 or even 40 years (Fig. 163).

Fig. 163 — Schistosoma mansoni : A) adult male; B) adult male carrying
fernale, and C) adult female

The males are elongated leaf-like and broad (about 10 — 15 mm.
long) usually enclosing the female in a ventral tube-like groove extending
from the ventral sucker till the poseerior end (Fig. 163). This groove is
the gynaecophoric groove which is formed by the folding of the ventral
margins of the body. The body of the male is covered with a thin tuber-
culated tegument provided by fine papillae which ail the male in fixing.
to the wall of the small veins when passing against the blood stream. The
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small anterior sucker lies somewhat ventral. The ventral sucker 15 larger
and stronger in the male. The body of the female is smooth with papilize
at the posterior end and on the suckers, The association of males and
females is an adaptation to ensure successful fertlization in such unisexual
parasitic wormns. After fertilization the female leaves the male to lay eggs.

Internal anatomy

In general the internal anatomy of blood flukes is built on the same
plan as that of liver Hukes.

Digestive system

It is similar in both sexes being formed of a mouth leading into a shost
oesophagus surrounded by a digestive oesophageal gland and provided by
two dilatations. The sucking pharynx found in liver flukes is ahsent en
account of the abundant easily digested blood used as food for the Huke.
The cesophagus leads into a biforked intestine which reunites at the begin-
ning of the posterior third of the body to form a2 median blind caecum
ending near the posterior end.

The intestinal wall is composed of simple columnar epithelium sur-
rounded by a delicate layer of circular and longitudinal muscles.

Reproductive system

Unlike that of liver flukes, the testes and ovaries are not branched.
The male has four or five testes found at the anterior end just posterior t3
the ventral sucker (Fig. 163 A). The short vas deferens formed by the
union of tubules arising from each testis, leads to a seminal vesicle. This
opens on the ventral surface by the male genital opening which lies behind
the ventral sucker. There is no penis.

The elongate ovary is found above the point where the two intestinzl
branches reunite. The short oviduct arises posteriorly and bends forward
to open into the cotype (Fig. 163 C). The vitelline duct is formed by the
union of two lateral vitelline ducts which arise from the vitalline glands
at the posterior end. This duct opens into the oviduct which joins an cotype
which is surrounded by Mehlis’ gland. The straight uterus arises from ths
cotype to open by the female genital opening found or the ventral surface
posterior to the ventral sucker. The anterior portion of the uterus contains
20 — 30 eggs.
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Life cycle (Fig. 164).

During copulation the ventral surfaces of the male and female are
apposed against each other. The female genital opening enlarges to ensure
the transfer of the sperms into its genital tract. Fertilization takes place
into the oviduet and completion of the egg occurs in the ootype. After
fertilization the female leaves the male to lay eggs one at a time in
the smaler blood vessels. The female moves against the blood stream aided
by its slender smooth body, a morphological adaptation to ensure deposi-
tion of eggs near the urinary bladder which carries them to the outside to
continue their development. When a venule is full with eggs the worm
migrates to another one.

MAN

SPOROCYST

Fig. 164 — Life cycle of Schistosoma hacobium

The egg is oval, large (135¢) provided w'th a terminal spine (a lateral
spine in §. mansont; 150 p). The miracidium develops inside the egg while
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it is still in the host. In order to pass out of the body the eggs have to bore
the tissues of the urinarv bladder Tuis is aided bs

{(a) The termumal spine causes irritation of the tissues which leads to mus-
cular contraction. This helps in the slow expelling of the egg through
the wall of the urinary bladder

(6) The glands of the miracidium secrete proteolviic enziiies which
dissolve the tissues of the hest. thus facilitating its penetration through
these tissues.

The spine is not directly responsible for horing through the tissues.

During the passage of the eggs through the wall of the urinarv bladder.
some bleeding and pain occurs due to the lacerations of its wall. Lhus the
urine hecomes mixed with blood a phenomenon called haematuria.
The passage of eggs through the tssues may cause nflammation which
may lead to malignant tumours. cancer of the urinary bladder. Ova may
act as nuclei for kidney stones. In additions eggs may be passed to the
liver where they cause serious damage.

The epgs of S. haemeiobum are usually found in the urine of
persons and occasionally in the faeces. When laid, the eggs contain fully
formed miracidia. The eggs hatch a shert time (36 hours) after reaching
freshwater (0.04%, total solids) by abso-cbing water due to osmesis which
will cause their rupture and the release aof the miracidia. The eggs do not
hatch in undiluted urine or salt water. Temperature is important for
hatching. The eggs can remain alive in sterile urine or faeces for 2 weeks.

The ciliated miracidiam is more or less similar to that of Faseiola, but
it does nct possess eye spots. It has a rudimentary alimentary canal and
two pairs of flame cells (Fig. 164,. The miracidium lives for a short time
(24 — 48 hours) afterwhich it dies unless it finds the suitable intermediate
host which is the snail Bulinus truncatus common in freshwater. When com-
ing in contact with the snail the mirac:Cium bores through the soft tissues
helped by secretions from its cephalic (salivary, glands. In the tissues of
the snail the cilia are shed within 1 — 2 days. and the mirac.diun. develops
into the mother sporocyst. The latier makes its way to the digestive
gland of the snail. Inside the tube-shaped sporocyst there are masscs of
propagative (germ) cells which develop into a large number of daughter
sporocysts. These daughter sprocysts grow in size and the prapagative
cells inside them give rise to a large number of cercariae no redia stage).
The cercaria which is the infective stage leaves the sporocyst through a
certain pore, then penetrates the tissues of the snail and passes out through
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its respiratory apreture and thus reach the water. The discharge of the
cercarize occurs during day. In the water the cercariae swim searching
for a human being otherwise they die after few hours. The time taken for
the formation of carcariae since the miracidium enters the snails is about
4 — 8 weeks. About 230,000 cercariae are produced by one miracidium.

The cercaria (Fig. 164) has an elongated oval body with an cral sucker
(which develops later into anterior sucker), a posterior sucker, a mouth
leading to a pharynx, cesophagus and a short biforked intesine. It contains
four pairs of Aame cells, three excretory pores and 4 — 5 cephalic glands.
It is covered by posteriorly directed spines and has a long forked tail {furo-

cercous tail). The nervous and excretory systems and propagative cells
are present.

In order to develop, the cercaria must penetrate through the skin of
the fical host (man) either when drinking, washing, walking or
bathing in water containing thz infective stage. The cercariac are
attracted to the human being by the radiant heat as thev are positively
thermetactic. They actively penetrate the skin or mucous membrane of
the mouth or throat by the aid of the proteolytic ¢nzymes secreted by
special penciration glands. The tails are shed and the cercariae are carried
passively by the veins to reach the right ventricle of the heart. Clothes do
not prevent penctration of the skin by the cercariae. This is associated
with severe irritation and subcuraneous hleeding.

The cercariae pass from the right ventricle of the heart to the alveolet
of the lungs from which they are carried to the left ventricle by the pulm-
onary veins, Then they are carried from the heart by the arteries to the
body then thev reach the hepatic portal vessels via the lungs; worms car-
ried to other blood vessels die. In the hepatic portal vessels the worms
grow up and the females do not become sexually mature until after pairing.
Then they migrate out of the hepatic portal system to the mesenteric vessels
especially those attached to the urinary bladder where they lay their eggs.
The worms become sexually mature after about forty days from their en-
ternarce into the body of the human being The worms may mature in
the liver and produce the terminal-spined eggs.

SCHISTOSOMA MANSONI

This species is similar to S. Aaematobium in most of its characters and
internal organisation and life cycle. It differs in the following :

1. Adult worms being smaller.
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2. The tegumentary papillae of the male are coarser.

3. The branches of the intestine reunite at the end of the anterior third
of the body.

4. The male possesses 8 — 9 testes.
5. The ovary lies in the anterior half of the body.

6. The uterus is short and contains few eggs (may be one). In §. haema-
tobium 20 — 30 eggz may be found in the uterus.

~J

. The eggs are larger, being 150 .

<]

. The female prefers the venules of the rectum to lay its eggs.

o

. The egg is provided with a lateral spine and it is passed with the
faeces, verv rarely with the urine.

10. The secondary host is the snail Biomphalaria (Planorbis alexandrina)
(Fig. 165).

Fig. 165 — Schistosoma mansoni : A) Egg; B) Intermediate fhost, shell of
Biomphalaria alexandrina

11, The symptoms may be diarrhoeal stools containing blood and
mucus. In severe infections enlargement of the spleen and liver cirrhosis
may develop,

CONTROL OF BILHARZIA

l. Factors assaciated with human beings,

(a) Extensive treatment of infected persons.

(6) Education of native population whe must know the life cycle and
epidemological relationships.
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{¢) Protection against. infection by :
1. Avoidance of infected water. or the use of suitable protective cloth-
ing curing contact with such water.

2. Water taken from ponds or streams should he either heated to 50°C
or left for 48 hours before drinking or even adding fresh lemon juice which
was found to kill the cercariae within an hour.

3. In villages sanitary measures must he taken not to use natural water
and people should be encouraged to use latrines in order to prevent the
contamination of water with urine or faeces of infected people or animals.

2. Factors associated with the intermediate host

(s} Periodical dryness of streams :n order to kill the snails.

{&) Destruction of snail by the use of molluscides such as copper sulphate,
rentachlorophenol. etc.

{¢} Periodical removal of aquatic vegetation to eradicate the snails which
are attached to them.

{d) Deepening of streanms in order to increase their current velocity.

{¢) Introduction of natural enemies that feed on snails such as ducks,
certain fishes like Gamboszz or even certain snails as Marisa cornuarietis.,

(f) Growing aquatic plants that secrete metabolitis that kill the snail.

3 — Intestinal Flukes

HETEROPHYES HETEROPHYES

This is the smallest trematode infecting man, being about 3 mm. long
(Fig. 166). It lives in the intestine and is very common in Northern Egypt,
Palastine, Japan etc. In Egypt the infection in the areas of Lake Manzaleh
and Port Said may reach about 88%, among the children. It also infects
domestic animals such as dogs and 2ats which may be a source of infection
to man. It was first discovered by BILHARZ (1851) but the life cycle was
revealed by KHALIL ABDEL KHALIK in 1933. Severe infections cause
diarrhea accompanied by mucus and blood, general weakness and loss of
weight. Some eggs may pass through the lymphatic circulation to
the heart where it leads to heart failure, or to the brain causing cercbral
haemorrhage.
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General morphology and internal organisation

The body is pear-shaped with three suckers, an oral, a large ventral
sucker and a genital sucker lying behind and lateral to the ventral sucker
(Fig. 166). The genital sucker surrounds the genital pore. There is a pair
of testes at the posterior end. A single median ovary leads to a short con-
voluted uterus. The vitelline glands are found on the latero-posterior
sides.

OESOPHAGOUS

INTESTINE

QVARY

SEMINAL RECEPTACLE

TESTIS

gXCRETORY  PORE

Fig. 166  Adult Heteroplives heterophyes

Life cycle

The eggs arc small. vellish brown in colour. flask-shaped operculated
with a double lavered shell provided wita a knob. The egg which contains
a completely formed n.racidium is eliminated with the faeces of the host.
The asymmetrical miracidium docs not hatch from the egg as in other
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flukes but remains inside the egg until swallowed by the first secondary
host the snail Pirenalla conica which is very common in the Delta lakes of
kgypt (Fig. 167). This snail is elongated with a dextral opening. In the
body of the snail, the miracidium is liberated nd develops into a sporo-
cyst, redize and cercarire. The cercaria is characterised by the presence
of a single sucker (oral sucker}, two eve-spots and a membraneous (lopho-
cercous) tail. The cercaria is not infective to mar. It swims in water sear-
ching for the sccond intermediate host which is a fish. It lives in water
for 60 hours and dies if it does not 5nd the suitable host. When coming in
contact with the fish which is usually Mugi! cephaius (Bouri) or occasionally
Tilapra (Bolti). the cercaria penetrates the skin of the fish where it is ency-
sted for 20 days, in the tissues especially the muscles. The encysted cercaria
is the infective stage. If a human being eats infected fish either raw or
poorly cooked as when preparing salted fish, the cysts dissolve in the inte-
stine and the young flukes are released where they grow to the adult stage.

Fig. 167 — Skell of Pirenella conica

Control
1 Fish should be completely zooked.

2. Salted fish should not be eaten unless ten Jays have passed from
their preparation.

3. Avoiding eating raw or poorly cooked fsh.

CLASS CESTODA

This class includes the tapeworms which are long ribbon-like fAat worms
whose body is made up of a large number of segments (proglottids). Very
few members are unsegmented, leaf-like resembling ukes. All cestodes
are parasites of the alimentary canal of vertebrates including man.
Cestodes have many characters which differ from other Platyhclminthes

and in which adaptation to parasitic life is advanced. These characters
are :
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1. Absence of cilia in the adult stage and the thick tegument is provided
with microvilli {Fig. 152 B). The tegument is followed by the basement
membrane and muscular layers. The latter which consist of unstriated
muscles are composed of an outer circular and inner longitudinal layers
{Fig. 152 B). The parenchyma (mesenchyma) cells fill the spaces between
the various organs. In addition to their skeletal function, the parenchyma
cells act as important transport medium since fatworms lack a blood vas-
cular system. The tegument, which is secrzted by the tegument-secreting
cells, contains pore canals. It is believed that the intracellular secretions

act as anti-enzymes which neutralize the effect of the digestive enzymes
found in the intestine of the host.

In the mesenchyma there is an inner mesenchymal (meaullary) muscle
layer composed of outer longitudinal, inner circular layers and transverse
fibres. This layer may be weakly developed or completely absent from the

lateral sides. Dorsoventral muscles connect the dorsal and ventral body
walls.

2. Complete absence of the digestive system. Digested food materials
pass through the tegument by an active process of pinocytosis. The flat-
tening of the body accompanied by its great length is an adaptation for
this process. Such characters necessitate the life of the adult inside the in-
testine of the host. It does not only deperd on the host for food but also
for the digestion of this food.

3. The excretory and nervous systems are poorly developed and are
similar to those of trematodes. The adult worm lives in a constant environ-

ment protected by the host. They have no special sense organs but have
free sensorv nerve endings.

4. The body is usually formed of a small anterior scolex provided by
suckers or suckers and hooks used to fix it to the mucous membranc of the
intestine of its host. In some species thz scolex is provided by shal-
low bothria. The scolex is followed by a narrow neck, a region of prolifera-
tion which continually grows to give new segments to the body. The body
is made up of a large number of segments or proglottids. Each proglo.ttis
is comparable to a complete flatworm as it is a sexually complete unit being
hermaphtodite and contains parts of the nervous and excretory systems.
The number of proglottids varies from 3 or 4 to 3,000. The worm may
reach 30 meters in length.

The adult worm may be considered as :

1. a series of separate individuals held together and forming a colony,
or :



2. a single animal with many segments.

The latter view is more acceptable and the animal is considered
a segmented worm, but the segments are not comparable to the segments
of true segmented animals like the annelids.

More than a thousand species of tapeworms are known which infect
almost all vertcbrates. Usually the primary host feeds upon the intermedi-
ate host

1 — TAENIA SAGINATA
{Beef tape-worm)

This is 2 common intestinal parasite in Egypt. The adult worm
reaches zbout 4 — 10 meters long. It lives 1n the small intestine of human
being causing injury to the mucous membane, it may also block the inte-
stite. The adult worm may live inside the intestine for many years up to
20 years. Its presence leads w abdominal pains, weakness, loss of weight
and appetite although hunger. digestive dicorders, nervous complaints
and pruritus ani are often observed. It also causes vitamin deficiency.

Morphology

The worm adheres to the wall of the intesunc by a muscular cubiecal
scolex (ahout 2 mm. in diameter) provided by four hollow suckers. but no
hooks [Fig. 168). The scolex is not considered a head as it is not specialized
for haadling food. It is connected to the body bv 2 narrow neck which
grows continuously and proliferates proglottids by transverse fission or
asexual budding. The bodv is made up of a large number of proglottids
which may reach 2,000, the voungest is next to the neck, the oldest being
at the posterior end. The proglottids are not considered metameres cor-
responding to those of annelids as each proglottis is a complete individual
which is budded off from the anterior neck. In annelids and chordates the
oldest segment /metamere) is found at the anterior end.

The young proglittis ts broader than long and contains rudiments of
sex organs. s the proglotts grows it increases in size, becomes square-
like 1n the middle of the worm. and towards the end they are longer than
broader ‘Fig. 1681 The reproductive organs develop gradually, the male
organs appear first followed by the female organs. The most posterior
segments are gravid containing mawly the uterus full with eggs.
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Fig. 168 — Tape-worm : A) adult Tacnia saginata; B) scolices of T. saginata
and T. solium; C) gravid proglotids

There is neither a mouth nor an alimentarv caual. Food passes
through the thick tegument. Nitrogenons nutrients are absorbed during
contact of the worm wi-h the mucous membrane of the intestine. Carbo-
hydrates, vitamins and liquids are absorbed from the lumen of the inte-
stine, The worms even depends on the s2x hormones of its host. Reserve
food material is stored in the form of glycogen and lipids.

Excretory system

It is similar to that of other Aat-worms being formed of Aame cells and
excretory tubules. ‘There are two mamn lateral excretory canals. each
extends throughout the whole (proglottiZs) length of the worm inner to
the lateral nerve cord. They open to the exterior by a single median excre-
tory pore at the posterior end of the worm. When the last proglottis becomes
eravid and is detached, each excretory canal opens by a separate excretory
pore, The two excretory canals are connested at the scolex by a ring vessel
and are joined by a transverse excretory canal found at the posterior margin
of each proglottis (Fig. 159). The canals are not ciliated and are lined by
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Fig. 169 — Mature proglottis of Taenia

enticle. By the action of the cilia of flame cells waste products and excess
fluids are driven along the excretory tubes. It is believed that the excretory
system regulates the osmotic pressure of fluids inside the body i.e. acting
as osincregulators.

Reproductive System
A mature proglottis is hermaphrodite :
The male reproductive organs (Fig. 169) consist of :

{@) Numerous spherical testes (300 — 400) which are scattered through-
out the proglottis inside the parenchyma.

(8) Fine vasa efferentia which collect the sperms from the testes and unite
to form a coiled vas deferens,

(¢) The vas deferens terminates into a muscular protrusible cirrus (penis)
surrounded by a cirrus sac. The cirrusis used for the transfer of
sperms.

(d) The cirrus opens by the mzle genital opening into a cup-shaped genital
atrium at the edge of each proglottis on a swollen genital papilla.
The genital atrium opens to the exterior by the genital pore.

The female reproductive organs (Figs. 169 and 170) are composed of :

1. A bilobed ovary with two lobes joined by a bridge. The ovary is
formed of branching tubules and lies at the posterior border of the pro-
glottis.
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2. From the bridge of the ovary a short median oviduct joins the vitel-
line (yolk) duct at the cotype which is surrounded by Mehlis’ gland (Fig.
170). The vitelline giand lies at the posterior region of the proglottis.

3. The ootvpe leads to a cylindrical blind uterus which extends in the
middle of the proglo-tis.

4, From the ovidict a parrow spexmatic duct arises which runs out-
wards and dilates to form a serminal receptacle which leads to a narrow

tubular vagina. The latter opens into the genital atrium by the female
genital pore.

Life cycle

Self-fertilization occurs in the same proglottis or usually between
different proglottides of the same worm or cross fertilization between two
different worms presert in the same host. In any case the cirrus is inserted
into the vagina and the sperms are transferred into the seminal receptacle.
Fertilization takes place in the oviduct. The fertilized egg becomes sur-
rounded by yolk cells from the vitelline gland, Then it is surrounded in
the ootype by an inner thin «hell formed by the yolk cells. The eggs pass
into the uterus. Durirg its development the embryo tecretes 2 hard chitin-
ous shell, the embryophare which is made up of chitin and has a striated
appearapee. The embryophore bacores surrounded by a thin caprule
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shell. Then the embryo develops six chitinpus hooles ae its posterior region.
This embryo is called hexacanth embryo. The embryo with its capsule,
embryophore and membranes is called onchosphere (Fig. 171).

The last proglottis ar proglottides become gravid, the uterus enlarges
and later develops numerous branches to fill most of the proglottis and
becomes full of onchospheres. The rest of the reproductive organs of such
proglottides degencrate gradually. These gravid proglottides break off
singly and pass out of the anus of the host either with or without the faeces.
They are active and can force their way out of the anus. They can crawl
on the skin discharging a milky fluid containing fertilized ova. Outside the
host the proglottides disintegrate and the spherical onchosopheres are
Liberated. These can remain alive for sometime as long as they are in moist
places. Each gravid proglottis may contain about 75,000 eggs.

HAN

Fig. 171 — Life cycles of Taenia saginata (inner cyce), and Tacoia solium
({outer cycle)
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The onchosphere may be taken by a cow or 2 camel with its food (vege-
tation on which human faeces are deposited), the embryophore is digested
in the stomach and the hexacanth embeyo is relased. Usually the outer
egg shell is generally Jost and the embryophore may be mistaken for the
egg shell, By means of special penetration glands the hexacanth embryo
bores its way through the wall of the gut. The hooks are used for anchoring
the embryo. Then, it passes into the lymph and blood stream and finally
comes to lie in the voluntary muscles where it becomes encysted in the
connective tissue between the muscle bundles. The parasite loses its
hooks, increases in size and forms a bladder full with fluid and is called
bladder worm (Fig. 171) or cysticercus (3-10 mm. in diameter). The wall
of the cysticercus becomes tucked at one spot forming a pouch, on the
inner wall of which develops the suckers of the future scolex. This is called
the proscolex. The cysticerci (7.5 — 9 mm. long) are usually found in the
tongue, larynx, diaphragm, muscles of the back, jaw, and legs and also in
the heart, peritoneum, liver, lungs and even brain. The bladder worm
is called cysticercus bovis as it is found in cattle, It can live in the mus-
cles of an ox for eight months.

When meat containing the cysticerci is eaten raw or insufficiently
cooked, the gastric juice dissclves th= outer wall of the bladder worm. In
the small intestine the scolex evaginates and attaches itself to the mucous
membrane by its four suckers. The bladder is thrown off and digested.
The proglottids begin to be formed fram the generative zone (neck)
behind the scolex. It takes 2 — 3 weeks for a mature worm to develop.

2 — TAENI: SOLTUM
{(Pork liver-fluie)

It is similar to 7. seginata in many respects, but differs in the following :
1. The intermediate host is the pig where the bladder worm called
Cysticercus cellenlosae develops.

2. The scolex (Fig. 168) is provided with four suckers and an anterior
cone-chaped rostellum provided with two rows of hooks, an inver ring
of hooks which are larger than those of the outer ones.

3. It reaches about 2 —4 meters long.
4. The number of proglottides ranges from 100 — 1,000.
5. The genital papillae alternate, more or less, regularly between the
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right amd left margins of the worm. In T, saginata the alternation of the
genital papillze is irregular.

6. The uterus of the gravid proglottis possesses 8 — 12 lateral branches
on each side, each branch has nrumerous ramifications. In 7. saginata
there are 20 — 30 lateral branches, but with less ramifications.

7. The gravid proglottides are separated in groups of 4 — 6. They
are passed passiveley with the faeces. "Thus they are unable of active
movems=nt.

8. fometimes man becomes irfected with the onchesphere either when
taking -t with -he food, or when a broken up proglottis from the adult worm
s carrizd back to the stomach by reverse peristalsis (self infection). The
liberated hexacanth embrycs may migrate to any organ such as the liver,
muscles or even brain. The disorders caused by the cysticerci formed are
called cysticercosis which mav lead to epilepsy and even death.

Contral of Taenia

M-=at inspection in slaughter houses.

2. Latrines and manure pits st.ould be removed from close the proximity
of pastures,

3. Handling of meat should be carried out with care, especially pig meat
where the cysticerci can stick to the hands and a risk of cysti-
cereosis.

Avoiding eating! raw or poorly cooked meat.
5. Preservaton of meat by coolmg or salting kills the bladder worms.

3 — ECHINOCOCCUS GRANULOSUS
{Dog-tapeworm)

Th2 adult worm lives in the intestine of dogs, wolf, fox, monkey,
kangeroo and other wild carnivorous mammals. The larvae live in more
than forty species of animals :ncluding man, monkeys, sheep, cat and
cattle. Man, thus serves as an intermediate host. It is found all over the
world.

Morpliology and life cycle

Ths adult is about 3 — 8 mm long and consists of a scolex, neck and
four proglottids, the first is imnrature the second proglottis is mature,while
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the third and fourth are gravid. The scolex bears four suckers and a rostel-
lumm with two circular rows of Fooklets.

The eggs are discharged with the faeces. When the eggs are swallowed
by the intermediate host, the hexacanth embryo is liberated inside the
intestine. It boresits way through the intestinal wall and enters the portal
vein where it is carried mainly to the liver or even to the various orgaas
through the blood circulation. When the hexacanth embryo settles in zn
organ it forms a hydatid cyst which is in the form of a bladder whose
inner side develops brood capsules with a large number of scolic=s
(Fig. 172). When the hydatid cysts are ingested by the definitive host
(dog) they grow inside the small intestine into the adult worms.

When man acts as an intrmediate host by swallowing the eggs during
contact with dogs or other infected anzmals, the hexacanth embryo is libe-
rated inside the inzestine. This embryo then bores the wall of the intestine

LAVER-AND BRAIN ARE INFECTED

AS INTERHLDIATE HOST

Fig. 172 — Life cycle of ths dog tapeworm; Echinococcus granulesus
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and passes to the various organs rmainly liver, lungs or even the central
nervous system. Inside these organs the hexacanth embryo is transformed
into the hydatid cyst which may reach 5 — 8 cm. in diameter. The cyst
grows slowly by the continuous formation of brood capsules each of which
buds off many scolices nternally. The cyst is surrounted by an outer
cuticular layer and an inner germinal layer and is filled with the hydatid
fluid. The cyst becomes surround :d by a fibrous layer formed as a reaction
of the host. The cyst causes pressure on the organs where it is present and
the symptoms vary according to the place of the cyst.

PHYLUM ASCHELMINTHES

This phylum inclvd:s the largest number of pseudocoelomates. The
large body cavity, which is filled with a fluid, is not coelomic as it is not
lined by mesodermal cells, The mesoderm is either associated with the
bedy wall or gut. The development of a body cavity is probably associated
with the increase in animal size. As the volume of the body increases,a
solid structure becomes less efficcent physiologically. The presence of a
body cavity gives more space for accomodation of coiled or looped internal
organs, and the fluid in the cavity may aid in waste removal and in the
circulation of food materials and oxygen.

This phylum has reached the organ-system level where there are
complete systems. The digestive sysiem is a complete tube provided with
a mouth and anus. Thus the digestive products and waste foed are not
mixed. This will give a chance of rapidity of growth and size increase
found in higher forms. The digestive tract is mainly endodermal, thus differs
from that of higher forms which contain mesoderm as well. The tube
within tube plan first appeared in this phylum. There is neither a circula-
tory nor a respiratory system but protonephridiz are often found.

Most aschelminthes are small, even microscopic. Some parasitic
members may reach a length of more than a meter. The body is often
elongated round or cylindrical, although it is distinctly flattened in some
members. There is no distinct head and the body is covered with a scle-
ropratein cuticle. The number of cells or nuclei forming the various organs
18 remarkabely constant. This number is characteristic of the species and
differs from one species to another.

Aschelminthes are distributed in all kinds of habitats, fresh, marine
water, terrestrial habitats and even in the most unexpected places as vine-
gar (vinegar eels) and petrol. A small amount of mud from the bottom of
a pond may contain hundreds of these worms. Many species are parasitio
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cither in man, animals or plants. Thus, this phylum is of great medical
and economic importznce. The number of known aschelminthes to-day
is only exceeded by Protozoa and Ar:hropoda.

The name Aschelmintbes 15 derived from the Gr. askos = cavity;
and helmins = worm. Member of th.s phylum has a body cavity known
as pseudocoel. The nature, dzvelopment and origin of the pseudoccel is
known when studying the embryology of this phylum. During the forma-
tion of the gastrula, the archenteron appears, and the blastocoele (cavity of
the blastula) does not disappear; but remains as an internal bedy cavity
which surrounds the internal organs. Thus the pseudocoel originates from
the blastccoel which arises between the ectoderm and endederm.

Phylum Aschelminthes mcludes many classes among which are :

Class I Rotifera (Fig. 173) which includes minutes aquatic animals
characterised by having anterior ciliary organ or corona which when bea-
ting gives the appearance of a rotzting wheel and hence their name
wheel animalcules. (L. rcta = wheel; ferre = to bear).

Class IT Nematoda (Gr. nema = thread; eidos = formj. These are
aquatie, terrestrial or parasitic worms, with cylindrical elongated unse-
gmented body coversd with a thicz cuticle. There are about 500,000
species.

Class I Gastretrichia small aquatic animals, with cilia, cuticle
covered with short curved dorsal spines, with a posterior forked end.

CLASS NEMATODA

It is the largest class of aschelm:nthes and contains most of the wide-
spread and numerous of al. multice/lular animals. Free living nematodes
are found in the sea, freshwater and in the soil. They occur from the polar
region to the tropics in all types af environments, including deserts hot
springs, high mountain elevation ard great ocean depths. Most nema-
todes are free living, but there are many parasitic species. They infest
plants, animals and man himself. About fifty species are parasitic on man
of which are the hookwoem (dncpostoma); trichina (Trickinella), filaria
(Wuchereria) and Ascaris.

All nematedes are remarkably similar having elongated cylindrical
bodies pointed at both ends and corvered with a thick cuticle without any
cilin. Nematodes passess a longitudinal muscle layer, there it no circular
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Fig. 179 — The common rotifer Philodina

musc’e layer, hence they can only bend in a dorsoventral plane. The long-
itudinal muscles are antagonized by the force exerted upon the cuticle by
the pressure of the bedy fluid.

GENERAL CHARACTERISTICS OF NEMATODES

1. Nematodes are tripoblastic animals, with round clongated bodie,
hence their name, round worms.

2. The cuticle is flexilble but inclastic thus preventing the worm from
changing length and thickness. It is composed of several layers having
different chemical composition and different structural arrangement. It
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is made up of protein and not chitin. The cuticle contains several layers
of diagonally-crosse | inextensitle fibres.

3. The body is bilaterally symmetr:cal, but the mouth is surrounded
with radially symmetrica' sensory papillae and lips.

Body wall

It is covered with a thick complex cuticle which is resistant to digestive
Jjuices of the host. It is permeabl= to salts 2nd water. The cuticle is secreted
by an underlying cellular or syncytial epidermis.

The epidermis (hypodermis) expands in the pseudocoel to form four
longitudinal lines; the middorsz]l, midventral and two mid-lateral lines.
Undzsrneath the epidermis there is a primitive muscle laver composed of
longitudinal fibres arranged in four bands being separated by the four
longitudinal lines. The muscle layer is composed of myoepithelial cells.
Each cell is composed of an outer contractile portion made up of longitudi-
nally striated spindle-shape muscular part and an inner greatly vacuo-
lated non-contractile protoplasmic portion (Fig. 174). The latter which
contains the nucleus and netwerk of supporting fibrils, gives a process
(musele tail) which runs to the terve trun in either the dorsal or ventral
longitudinal cords, a means by which each myoepithelial cell is innervated.
Circular muscles are entirely absent from the body wall

The pseadocoel

It is the perivisceral cavity batween the outer muscle layer and the
internal organs. It is filled witl a clear protein-rich fluid and contains
fibrous tissue and a limited numb=r of fixed highly vacuolated cells called
giant cells, the pseudocoelomacytes. The perivisceral body cavity,
pseudocoel, is formed as a result of fusion of the vacuoles of these cells.

In parasitic nematodes there s a single pseudocoelomocyte which is
highly branched and found dorsal to the pharynx. The pseudocoel is not
lined by mesoderm. Its main funstion 1 to distribute digested food and
collects waste products as there ar= no circulatory or respiratory systems.
In addition the fluid inside the pseLdocoel and cuticle forms a hydrostatic

skeleton.

Nutrition

Many free living nematodes are carnivores feeding on other small
animals. Other nematodes especially marine species feed on algae and
diatoms. A large number of terrestrial species are parasitic on plants,
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Fig. 174 — Ascaris : A) T.8. of female; B) T.5. of male; C) myoepithelial
celi; D) part of the body wall.

they pierce the cells or plant roots and suck out their contents, Other
nematodes live on dead organic matter.

Parasitic nematodes (as Ascaris) suck their food which is partly digested
by means of a well developed muscular pharynx, In Ascaris the pharymx
is provided with three large pharyngeal giands. Digestion is extracelular
and the soluble food is digestcd through the intestinal wall then it is dis-
tributed to the various tisues by the pseudocoelic fluid.

Excretory system

In primitive marine nematodes (c.g. Rhabditis) the excretory system
is composed of cne or two renctte glands, (Fig. 175 A) which are located
ventrally in the pseudocoel near the junction of the pharynx and intestine.
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Each gland has a duct which joins its partner to open by the excretory
pore on the ventral midline.

In most nematodes the excretory system is tubular and H-shaped
formed of two lateral longitudinal canzls which extend inside the lateral
longitudinal cords (Figs. 175 B and Ci A transverse canal connects the
two lateral canals and opensto the ouwside by a short common excretory
canal which opens by the excretory pore. There are no flame cells, cilia
or internal openings. In Ascaris {Fig. 175 C) the anterior limbs of the «H”
are reduced and the transverse canal is branched in the form of a network
from which arises the common excretory canal which opens by the excre-
tory pore that lies ventral and posterior to the lips. The excretory canals
are lined by a firm membrane covered bv a cytoplasmic layer. The lumen
of the excretory canal is considered as the intracellular cavity of a single
giant cell whose nucleus is found in the transverse canal (Fig. 175 B).
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Fig. 175 — Excretory system in nematodes ; A) in Rhabditis; B) H-type
tubular systemy; Ci in Ascaris

Nexrvous system (Fig. 176).

It is composed of a circumpharyngeal nerve ring (brain) with a lateral
ganglion on either sides of the ring. From the brain extends six anterior
papillary nerves each provided with a nerve ganglion, innervating the
sensory organs in the anterior region (sensory papillae and amphids)-
From the nerve ring six lengitudinal nerves extends posteriorly and run
within the longitudinal lines. The largest is the ventral nerve cord which
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ariginates as adouble cord then fuses to a gangl'onated chain which ends
with the anal ganglion innervating the tail region. The dorsal nerve which
is a non-ganglionated motor nerve has only a small dorsal ganglion near
its grigin. The dorsal and ventral nerves are connected by commissures
which pass in the hypodarmis.

AMPHID NERVE ecmmmmtieal

PAPILLARY NERVE

PAPILLARY GANGLION =

GANGLION CELL OF e

DORSAL NERVE

NERVE COMMISSURE

VENTRAL NERVE CORD

—

Fig. 176 — Nexovus system in a nematode

A pair of lateral nerves arise from each of the lateral ganglia of the
brain. These lateral nerves run on cither side of the excretory canal. They
are sensory and ganglionated. A visceral nervous system exists which is
<composed of pharyngeal and rectal divisions which inhprvate the phary-
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ngeal and rectal regions. The number of nerve cells in the ganglia is small
and remarkably constant.

Sense organs

In free living nematodes s=nsory organs are well developed. These
include the papillae, bristles, amphids, phasmids and eyes. The papillae
includz the cervical papillae which are cuticular structures found in the
cephalic region (Fig. 177 B). Each is flask-shaped and lies below
the cuticle. The labial papillae are sensory and are found on the lips. The
genital papillae which are tac:ile lie anterior and posterior the cloacal

opening, of the male.
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Fig. 177 — Sensory orgam in nematodes : A) amphid; B) cervical papilla;
C) anal pasilla; D) phasmid

The sensory bristles are scastered over the surface of the body. The
amphids (Fig. 177 A) are cuticular exacavations of small size and sup-
plied by a nerve. A pair of amphids i3 found in the head region. These
are believed to be olfactory chemoreceptars. They are well developed in
marine nematodes and of small size in zarasitic worms.
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In the tail region there is a pair of umicellular glands known as
phasmids (Fig. 177 D), which open separately by a short canal on either
side of the tail. Phasmids are glandulosensory structures which are highly
developed in parasitic nematodes.

Respiration

Respiratory and circulatory systems in nematodes are lacking. In
free living nematodes respiration takes place by diffusion of respiratory
gases through the cuticle. In parasitic nematodes as Ascaris anaerobic
respiraticn takes place. The worm obtains its energy by the break down
of glycogen into carbon dioxide and fatty acids which are formed instead
of lactic acid which is harmful when accumulating in large quantties
The waste products are excreted through the cuticle. Ascaris can
use oxygen when available, for oxygen is not present in any appreciable
quantities in the intestine of the host. However, the small amount of a
peculiar haemoglobin (which has a high affinity to oxygen) in the body
wall of the parasite (Ascaris or Angylostoma) and in other parts of the body
and in the pseudocoelic fluid can take oxygen even when present in a low
tension. In certain species of Ascaris (4. suis in the pig) two kinds of haemo-
globin were discovered, an outer in the body wall and an inner haemoglo-
bin in the body fluids. The former retains oxygen 2300 times, and the
inner 10000 times longer, than the pig’s own haemoglobin. This arrange-
ment is found to be the most efficient system as id:al oxygen carrier in a
habitat with considerable oxygen deficiency. In addition Ancylostoma can
obtain oxygen from the blood on which it feeds.

I ASCARIS LUMBRICOIDES

It is a common endoparasite living in the small intestine of man, pig
and other animals. It takes its nourishment from the chyme and not
apparently from the host’s tissue. The waste products of their anaerobic
metabolism, mainly fatty acids, are considered partly responsible of the
disease symptoms which include abdominal pains, vomiting, general rest-
lessness and insomnia. The sensitivity to the excreta of the worms varies
greatly frcm one person to another, When in large numbers Ascaris may
migrate to the bile ducts, pancreatic duct, appendix, nasal sinuses and even
up the oesophagus and out through the nose causing serious damage.

Aszaris is the largest intestinal roundworm parasitising man. Its body
is stout and cylindrical with pointed ends, the anterior end being thinner
than the posterior (Fig. 178). The worm is whitish yellow, the female



Fig. 178 — Adult Ascaris lumbricoides

being longer (20 — 40 cm. long) than the male (15 — 30 cm. long). Its
diameter ranges from 2 to 5 mm. It has been estimated that 644 million
persons are infected by this worm (STOLL, 1947).

The body is covered with a thick cuticle with marked fine striations.
The male can be distinguished from the female by its smaller size and by
the sharply curved posterior end which carries a pair of copulatory spicules
projecting from the cloacal opening (Fig. 197 B). The posterior end of the
fernale is conical and straight and the genital pore is situated on the ventral
surface about the anterior third of the body.

At the anterior end there is o triangular mouth opening surrounded
by three finely denticulated lips, 2 dorszl and two lateroventral lips (Fig.
179) A). Each lip is provided by a pair of sensitive papillae. The anus.
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Fig. 179 — Ascaris lumbricoides; A} anterior end; B) posterior end

(in the female) or cloaca (in the male) is a ventral slit found a short dis-
tance from the posterior end.

Digestive system (Fig. 180).

It consists of stomodaeum, mesenteron and proctodacum. The stomo-
dacum (fore gut) is composed of a short ectodermal muscular suctorial
pharynx ending into an end bulb. The pharynx is cylindrical with a chara-
cteristic Y-shaped lumen, provided with three longitudinal grooves and
lined with a cuticle,

The mesenteron (mid-gut) is a thin walled and long intestine lined by
simple columnar epithelial cells with an outer striated border which may
represent fused cilia. The intestine iz covered by a thin cuticle. There is
no muscle layer or digestive gland cells.

The hind-gut or proctodacum constitutes a short narrow rectum with
few muscle fibres. It is lined with a thin cuticle. The rectum opens to the
exterior by the anus in the female. In the male it leads into the
cloaca which opens by the cloacal apreture.

The fore and hind-guts are ectodermal in origin and originate by the
inward invagination of the bedy wall. Thus they have muscle fibres. The
mid-gut is endodermal in origin and its cells are not glandular or digestive.
They are absorptive cells.

Ascaris feeds on partly digested food and semifluid material which is
sucked from the intestine of the host by the suctorical pharynx. Digestion
is extracellular, The digested food is absorbed in the intestine and is circul-
ated by the locomotory movements of the animal through the fluid in the
pseudocoel which acts as a circulatory system. The undigested food is
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Fig. 180 — Ascaris lumbricoides : ‘nternal anatomy

climinated through the anal or cloacal opening. The pseudocoel contains
an irritant fluid containing a toxin ascarase which is a primary albumose
.(proteose). This substance causes allergy to infected human beings or even
those who handle the worms and work on them.

Reproductive system

The reproductive organs are tubular structures which are highly coiled
and lie freely in the pseudocoel except wher they connect the digestive
system. They are connected with the genital pore in the female and cloaca
in the male,

The male reproductive organs (Fig. 180) are situated at the poster-
for region and consist of :
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A single coiled thread-like rtestis which passes gradually into a vas
deferens used for carrying sperms. The vas deferens leads into a wide
long seminal vesicle for storing aperms. Tle seminal vesicle joins a short
narrow muscular gjaculatory duct used for discharging the sperros into the
cloacal ppening. On the dersal side of the cloaca there is a pair of muscular
sacs known as spicule or penial sacs. Each sac contains a penial seta which
is a cuticular structure with a cytoplasmic core. Both penial setae (spicules)
protrude from the cloacal opening during copultation serving to bring the
male and female apertures together {Fig. 18] B) and helping in transferring
the sperms to the fernale, Their function is aided hy a chitinous plate, the
gubernazulum found in the wall of the cloaca.

The sperms of Ascaris are sim>le round cells without tails (Fig. 181 A)
They are sct free in the vas deferens, they are passed to the seminal vesicle
where they are stored. When they are transferred to the female
they exhibit amoeboid movement

The female reproductive organs (Fig. 180) consist of : A pair of
ovaries which occupy the posterior two thirds of the body. Each ovary
leads intp an oviduct which joins a wide muscular uterus. The two uteri
run parzllel to each other and unite anteriorly to form a short median
muscular vagina lined with cuticle. The vagina opens by a transverse
gonopore or vulva which is found on the ventral surface at the anterior
third of the body. The first part of the uterus where it joins the oviduct,
acts as a seminal receptacle used for storage of the sperms and where fertili-
zation takes place. The rest of the uterus is used for the storage of fertilized
eggs. Its Iining secretes the yolk material and egg shell. The uterine wall
is composed of outer thin obliqgue muscle fibres and an inner thicker
circular muscle layer.

The structure of the gonads (testis or ovaries) is built on the same plan.
The proximal end is formed of 2 30lid mass of germ cells and this zone is
called germinal zone. Posteriorly at the growth zone the gametogonia
arrange themselves around a central cytoplasmic rachis (Fig. 174) from
which they obtain their nourishmeni. In the last portion of the gonad the
gametocytes are set free and hence they develop to form the gametes (eggs

ar sperms).

Life cycle (Fig. 182).

The two sexes copulate and the sperms are stored in the sem’nal
receptacles of the female where fertiization of the eggs takes place. The
fertihzed egg is provided with yolk material m 1ts cytoplasm and is sur-
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Fig. 182 — Life cycle of Ascaris lumbricoides

rounded by a thin clear icner shell formed of a double membrane and
made up of lipoid material {(Fig. 162). While passing through the uterus
the egg is covered by an oval mammillated ocuter shell which 13 secreted
by the uterine wall. This shell is made up of an albuminous protein. The
cggs are laid by the female ir the small intestine where they become yello-
wish in colour because they are staired with the bile in the intestine. A
gsingle female Ascaris may lav up to 200,000 eggs a day. It has been estima-
ted that a mature female Asccris may produce 21 million or even 60 million
eggs per year.

The eggs a1c passed to the exterior with the faeces where they can live
in moist soil for five years. Ascaris eggs are exceptionally resistant to external
environmental conditions. They can live even in sandy soil or on green
plants. Ascaris eggs were found alive in dilute formalin solutions. Also
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they can remain alive in dbinfectants used for sterilization. Lggs were
“found alive even in river wamer after the discharge from sewage works.

Ferti'ized eggs are round or oval :n shape measuring 60 — 75 p in
length and containing large conspicous unsegmented ovum with a clear
crescentic area at each pole. Unfertlized eggs, on the other hand, are
elongated more elliptical aboit 80 ¢ long with a thinner shell and contain
small disintegrated ova with masses of refractile granules of various sizes,
Newly laid eggs ure not infective unless they vndergo a period of develo-
pment under favourable corditions such as presence of oxygen, absence
of putrefaction, moisture anc a suitazle temperature above 16°C. The
eggs are killed within few sexonds at 30-75°C.

Under favourable conditicns the embryo develops in the soil into a
larva within the egg sbell in about two weeks depending on the
atmospheric temperature and humidity. This larva moults during the
next week giving a second staze larva inside the egg shell. This larvae is
called the ‘rhabdiform larva’ which is the infective stage. The develo-
pment of the embryo to give rise to <he infective larva requires 8 — 30
days depending on the exterral tempetature.

When the ripe eggs are swallowed by a2 human being with foud, drink
or raw vegetable, or by accidental trarsfer of soil containing ova, the eggs
pass unaffected in the stomach. Inside the first part of the duodenum the
egg shells are weakened by digestive juices which stiumlate the larvae
into activity. 'The eggs hatch within few hours after ingestion and rhabidi-
tiform larvae are liberated in the upper part of the small intestine. The
liberated Jarvae measure aboit 0.25 -— 3.0 mm long. These larvae pene-
trate through the ictestinal wall and enter the veins and lymph vessels
which take them to the mesen-eric vesses which carry them to the hepatic
portal vein then to the liver. Th=y live ir: zne liverfor a peried of 3 - 4 days.
During their passage in the lsver the larvae cause cloudy swellings, fatty
degeneration and necrosis. Few larvas may penetrate directly from the
wall of the duodenur througn the abdominal organs then bore through
the outer capsule of the liver. Frem the liver the larvae are carried to the
hea t through the hepatic anc postcaval veins. From the right ventricle
of the heart they are carried Dy the pulmonary arteries to the lungs. In
the lungs the larvae grow anc increase in length from 0.3 mm to 2 mm.
long and moult twice giving the third and fourth larvae (the first moult
on the 5thor 6th day, the second after the 10th day). When in the
capillary network cof the alveoli the larvae buwrrow through the wall
of the alveoli, leave the blood stream and enter into the cavities of the
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alveoli {air sacs) of the lung. The migration of the larvae in the lung is
accompanied by fever, inflammztion of the lungs and eosinophilia. The
time taken for migration in the lung is about 10 to 15 days.

From the lung alveoli the larvae are carried passively or may crawl
up the bronchioles, the bronchi and trachea up to the pharynx. They are
aided by the ciliary current of the respiratory tract. Then the larvae are
swallowed into the oesophagus where they pass to the stomach and then
the upper part of the small intestine. In the intestine the fourth larva
undergoes the last or fourth moult to become the fifth larva. This
larva becomes sexually mature within 1'[2 — 2 months without
further moulting. ‘['he adult Aszaris lives inside the host for about one
year. The time required for the whole developmert from hatching of the
ege till reaching the adult stage takes place in about 6 — 10 weeks.

Mode of infection

Infection takes place by swallbwing ripe embryonated eggs containing
the infective stage (the second larva). Infections takes place by :

(¢) Eating raw vegetables planted on a soil fertilized by infected human
faeces.

() Drinking water obtained from water supplies contaminated with the
infected eggs which are carried to it either directly or through sewage

works,

(¢} In places where soil pollution is common, eggs may be carried directly
by the dirty fingers.

(d) By inhalation of dust containing embryonated eggs.

Control of Ascaris

In order to prevent infection the following measures should be taken :

1. Manuring of the soil should be done only by sprinkling clarified
sewage.

2. Vegetables should be washed throughly.
3. Fducation of population to use sanitary laws of hygiene.

4. Treatment of infected, persans by oil of chenopodium and tetrach-
loroethylene.

5. Proper disopsal of human faeces.
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2. ANCYLOSTOMA DUODENALE
(The ommon koekworm)

It is a common parasite lixing in the small intestine of man especially
the jejunum, less often in the duodenum and rarely in the ilenm. It is
commonly found in tropical ard subtrop.cal countries wherever the tempe-
rature and humidity are favowrable for the development of the larvae in
the soil. It is found in Africa_ Europe, Zevlon, Central and North China
and Southern States of America. The New World hookworm Necler ameri-
canws is the common species ir America and it has been introduced from
Africa. These worms are conmonly mown as hookworms because the

.male has a hook-shaped body.

The hookworms occur mainly in arzas which lie between latitude 30°
South and 40°North. It is the most dangerous nematode parasite in man
as it becomes attachsd to the mucous membrane and sucks the blood and
body fluids of the host. In mszssive infections anemia occurs due to defici-
ency of iron and to prolonged iliness. Angplosioma may cut holes in the
intestinal wall. In children &t may retard mental and physical growth.

ddncylostorna is similar to Asaris in its organisation but some differences
are to be mentioned.

General morphology

Sexes are separate. The zdult male is 8 — |1 mm long and 0.5 mm
diameter, and fthe adult female is 10 — .8 mm long and 0.6 mm diameter.
When freshly passec. the worms have a reddish colour due to the ingested
blood inside their intestine. The mouth is antero-dorsal without lips and
is surrounded with a well devcloped cuz-shaped buccal capsule {Fig. 183).
The buceal capsule is lined with a hasd cuticle and carries two pairs of
curved teeth or plates on its ventral border, and one pair of triangular
teeth or plates on its dorsal berder. These teeth are used fo- attachement
and cutting holes in the mucesa of the intestine. While the posterior end
of the f:male is poiated, that of the ma.e is expanded to form a bilaterally
symretsic.l trilobed copulatacy bursa  bursa copulairix), The bursa is
supported by six chitnous rays in each lobe, and a small dorsal ray divided
at ity tip (Fig.)183). A pair of long delicate copulatory spicules is
also present. The female gen:tal opening is situated at the pinction of the
posterior and midd’e third of :he body 1he male genital opening 138 poste-
rior and opens into the cloaca.
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Fig, 183 — Ancylostoma duodenale

The adult worm can live in the intestine of human being about 3 to 4
years,

Nutrition

Ancylostoma feeds on the blood and tissue fluids of its host. It is adapted
structurally for attachment to the mucosa of the intestine by its
buccal capsule which is provided hy strong teeth. In addition its pharynx
is 2 muscular suctorial organ which sucks continnously the fluids of its host
waich are expelled from the anus. To facilitate their feeding Ancylostoma
secretes anticoagulins from a special cephalic gland which prevents blood
from clotting thus ensuring & continuous flow of arterial blood. They often
tzke more blood than they nced and hence their faeces contain mainly
undigested red blood corpuscles. A single worm may withdraw about
0.3 — 0.8 ml. of blood in 24 hours and 500 worms remove about 300
ml. of blood daily. Usually the worm leaves a bleeding wound after
feeding thus resulting in considerable loss of blood. In severe infections
anemia may take place. A worm moves from one place to ancther causing
gserious damage to the mucosa of the intestine,
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Life cycle

Copulation! takes place between two adult worms. The ejaculatory
duct of the female is surrounded by two multicellular glands which secrete
an adhesive substance serving to cement the bursa of the male to the body
of the female during copulation. During this process the female is held by
the male bursa at the level of the female genital pore, thus assuming a
Y-shaped fignre (Fig. 184).

Fig. 184 — Life cycle of Ancylostoma
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After copulation the female lays several thousands of eggsdaily which
may reach 35,000 eggs. The eggs are passed out with the faeces. The egg
is elliptical in shape about 65 p long, covered with a thin transparent
stnoozh shell-membrane., They appear in form of glassy clear to yellowish
tone. When laid the eggs are unsegmented but segmentation proceeds
during their passage through the intestine. When passed out with the
faeces the eggs aré usually in the 4 - cell stage with a clear space between
the shell and ovum. ‘The freshly passed eggs are not infective to man.
They can withstand temperatures between 10 to 45°C. The eggs can
survive and develop under certain limits of moisture and temperature,
Periods of droughts or spells cf cold or very hot and sunny weather kills
large numbers of eggs and larvae. Thus the hookworms are restricted to
parts of the world where favourable environmental conditions {or the
development of the eggs and larvae prevail.

Under favourable conditions of enough oxygen, sufficient atmospheric
mois:ure, moderately high temperature (more than, 16°C) and preferably
darkness, development of the larvae in the eggs take place. Hatching
occurs within 1 — 2 days at 23 - 30°C. The hatched larvae (first larvae)
resemble 2 nematode of the genue Rhabditis hence thev are called rhabdi-
tiform larvae which are akout 230 p long.

The rhabditiform larvae feed and grow on bacteria and within 3 — 6
days moult twice giving rise to the second and third larvae. The third
larvae are surrounded by their old skin and are called sheated filariform
larvae because of their resemblance to a2 nemaiode of the genus Filaria.
The skin of the second larva remains as a loose sheath around the third
larva to protect it from the unfavourable environmental conditions. This
filariform larva Is the infective stage which is not a feeding stage. It is nega-
tively geotropic and thigmotropic aseending through the soil and is a very
active stage. The larvae can live in warm moist soil for 4 — 8 weeks and
in cool moist soil for 6 months. The larvae are killed in dry soil or when
exposed to direct sunlight.

The filariform larvae are attracted to the moist skin of human being
whe walks bare-footed, baths or washes his hands in the water containing
these larvae; a normal habit in warm countries. The infective stage can
infezt 2 human being by entering his mouth with his food or drink. Once
coing in contact with human skin the larvae bore through it and enter
by the way of a hair follicle. This process of penetration of the skin is aided
by special penetrating apparatus. They usually enter the skin in the region
between the toes, dorsum of the feet of inner side of the sole or any part
where the skin is thin. On reaching the subcutancous tissue the larvae
enter into the lymphatics and small venules from where they are carried
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by the venous circulation to the right side of the heart. Then they are car-
ried to the lungs by the pulmonary arteires. The larvae remain in the
capillary network of the lung for sometime then they break their
way out of capillairies of tte lung, and enter into the air sacs or
alveoli of the lung. From the alveoli the larvae are carried
upwards with the stream caused by the cilia lining the bronchioles
and bronchi. From the broncai the larvae migrate through the trachea
to reach the pharynx where they are swallowed into the oesophagus, then
the stomach and to the intes'tre. This migration from penetrating the
human skin till the larva reackes the intestine, takes about 3 — 7 days.
During migration the larva undsrgoes its third moult and a huccal capsule
is formed. In the intestine the fourth moult takes place and the buccal
capsule is changed into a “provisional buccal capsule’ with the mouth
opening directed dorsally but without teeth. On the fifieenth day the
“provisional buccal capsule” is :ast off. Then the larva assumes the adult
form and becomes attached to he intestinal wall. In the male the adult
buccal capsule and bursa appear. In 3 — 5 weeks it becomes sexually
mature. *The fertilized females begin to lay eggs in the faeces. The time
taken from penctration of the skin by the larvae till the appearance of the
eggs in the faeces is about 5 — 6 weeks.

Control of Ancylostoma
. Attack of adalt parasise by mass treatment of infected persons.

2. Attack of the larvae by : {a) Preventation of soil manuring by
human faeces; (&) Proper control of sewage disposal; {¢) Disinfec-
tion of faeces or soil.

3. Persvnal protection to prevent the entry of the infective larvae
through the human skin o~ mouth.  This is most effective measure
of controlling the diseass because man is the main if not the
only host of this worm. The following measures can be followed:

(¢) Wearing boots or gloves when coming in contaet with infective places.
(6) Using adequate sanitary arrangements.

(c) Not to drink water from infected arezs unless boiled, or heated above
75°C.

3. ENTERQBIUS (CXYURIS\ VERMICULARIS
{The pinwarm or threadwarm)

It is very common parasite found all over the world especially in
warm countires. In some corimunities asbout 40 or even 100% of
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the children are infected. It has been estimated that more than 209 million
persons are infected by this worm (STOLL, 1947).

The adult worms live in the caecum, colon and appendix of human
heings. It is generally attached to the surface of the mucosa and in some
cases it may encyst in the submucosa.

Entesobius is commonly known as the threadworm on account of its.
resemblance to a small piece of thread.

Morphology

The sexualey mature females a-e longer than the males being 10 — 12
long with an elongated pointed tail end. The males are much smaller
being 3 — 4 mm long with a blunt curved tail and provided with a single
copulatory spicule. Males are usually few and rare because they die soon
after copulation. Gravid females die afier 2 — 3 weeks. At the anterior
end of both sexes there is a pair of wing-like expansions called cevical alae
(Fig. 1€5), which are used for attachement to the mucous membrane. The
mouth is surrounded by three small lips. There is no huccal cavity and the
oesophagus is characterised by the presence of a conspicuous globular bulb
at its posterior end.

The threadworm feeds on the contents of the large intestine but some-
times blood of the host is found in its gut. One person may be infected by
thousands of this worm.

Life cycle

After f{ertilization, the females whose uteri are full with eggs camnot
fix themselves to the mucosa of the intestine. They are expelled to the
rectum from where they creep out of the anus at night to lay their eggs
on the perianal skin. Egg laying is stimulated by contact with air. The
female bursts, lays eggs within few minutes and then dies: A female'may
lay about 10,000 — 15,000 eggs.

The egg (Fig. 185) is colourless asymmetrical in shape with a flattened
ventral surface and a convex dorsal surface, It is surrounded by a trans-
parent shell and is 50 — 60 long. The egg develops on the surface of the
skin within 5 — 6 hours to give rise to a small larva within the shell. This
is the infective stage which when swallowed hatches in the small intestine
through the dissolution of the eggshell by the action of the digestive
enzymes. The larva soon invades the glandular crypts and penetrates
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Fig. 185 — Life cycle of the pinworm, Enterobius vermicularis

into the glands and stroma whare it coils up. After two months the larvae
pass from he small to the larg= intestine and caecum where they become
sexually mature.

Persons usuvally reinfect themselves (autoinfection) by scratching the
skin where the eggs are lad. The eggs are sticky and thus the
fingers become contaminated with them from where they enter into the
mouth. There is no intermedizte host and the eggs are infective few hours
after being laid.
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Mode of transmission

1. Autoinfection especially in children, when as a result of itching at
the anus, the sticky eggs stick to the fingers which transfer them
to the mouth.

2. Direct contact between an infected and healthy person.

3. By taking in eggs which get into the air, in the dust from the beds.
By this way a whole family is usually infected by inhalation. Infec-
tion can be carried through bed clothes, furniture and kitchenware.

The eggs of the thrcadworm are not very resistant. They are killed
by drying or direct sunlight so a high percentage of eggs in the
air contains dead larvae.

4. The eggs may hatch on the skin round the anus and the hatched
larvae re-enter the anus and develop normally.

The threadworm while moving in the anal region causes severe itching
of the anus (anal prurities).

4. TRICHINELLA SPIRALIS
(Trichina worm)

It 85 one of the smallest human parasites whose development
takes place in one and the same host. The adalt lives in the walls of small
intestine (duodenum) of man, pigs, cats; dougs and rodents (hogs, mice
and rats). It causes a serious disease known as trichinosis (trichiniasis)
which is common in Enrope, United States and some parts of Africa, China
and Syria. About 27 million persons in all the world are infected
by trichina-worm.

Infection takes place when one animal eats the Hesh of another animal
which contains ghe infective stage. Thus although one individual acts as
a definitive and intermediate host, two hosts are required to complete the
life cycle.

Gzreral Morphology

The adult worms are slender with the body tapering towards the
anterior end. The pharynx is long with an anterior muscular portion and
a posterior glandular region. Femalss which are 3 — 8 mn long
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are ovaviviparous thus discharging larvae instead of eggs. Eggs develop
and hatch inside the uterus. Adult males are smaller measuring abeut
15 mm long with a pair of conical papil.ae at the posterior end. There are
no copulatory spicules. The adult worm lives for 2 to 5 weeks, males L:ve
longer than the females.

Trichiniasis when severe may caise prolonged illness or leads to
death. The larvae and adu’t causes damage to the intestinal wall
manifested by vomiting, diarrhoea, naisea and abdominal pain. The
encysted larvae cause, however severe intoxication and allergy accompani-
ed by oedema (chiefly in the eye-lids), high fever and eosinophilia. In
muscles it causes rheumatic mmuscular pains, pneumonia, kidney failure
and even degeneration of muscles.

The chief source of human infections are the pigs. By eating raw or
insufficiently cooked mea: in the form of sausage or mincemeat contain‘ng
the cysts.

L'fe cycle (Fig. 186).

When a human being eats ancooked or partly cooked pig’s meat (pork)
containing encysted larvae, the cyst is digested in the stomach and
duodenum. The larvae emerge in the small intestine, The larvac may
penetrate the intestinal mucosa and return to the lumen of the intestine.
During this migration they cause serions damage to the intestinal wall.

The larvae become sexually mature ‘wi hin 5 — 7 days. After copula-
tion the fema e bores through the intestinal wall as far as the muscularis
where it gives birth to about 1,000 — 2,00) larvae { r about 30 — 40 days
afierwhich the female dies. The liberated larvae reach the lymphaitc
vesels or veins from which they are ca-ried by the venous circulation to
the right side of the heart. Then they reach the lungs, then to the left
side of he heart from where it is carried to the various parts of their host.
Many larvae die in the tissues in which hey cannot live, but most of them
survive in the skeletal (voluntary) muscles especially the muscles of the
Jjaw, neck, eyes, tongue or diaphragm. In the muscle the larvae grow,
coil up and become surrounded by a capsule formed as a result of the reac-
tion of the host (Fg 186). The larvae can live inside the cyst for 1¢ or
even 20 years and eventually die inside the capsule which usually becomes
calcified.

Pigs, rats, dogs and cats get infectec by eating pork scraps containing
encysted larvae. To prevent infection with trichna-worms man have to
avoid eating raw or unsufficiently cooked pork meat. This must be throu-
ghly cooked or refrigerated at — 15°C for at least 20 days, in order to kill
the cysts.
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5 WUCHERERIA BANCROFTI

{Bancrofti’s filarial worm)

This parasite is ma nly confined to tropical and subtropical countries,
«occur ing m the Mediterranean region (Nile Delta, Southern Spain,
"Turkey): South America, Central Africa, Southern China and India.
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The adult worms live m the connective tissue, lymphatic vessels, lymph
nodes and glands where they obstruc: ‘he flow of the lymph producing a
disease called elephantiasis. It involves and excessive growth of the con-
nective tissue and enormous swelling, enlargement and thickinning of
the affected parts such as legs, arms and scrotum. Man is the only defini-
tive host of this parasite while various species of blood-sucking mesquitos
act as intermediate hosts STOLL (1l 47) estimated that about 189 million
persons of the world population are iafected by Bancrofti’s filarial worms.

Morphology

The adult worms are transparent, long hair-like with tapered ends.
The female is long being 8 — 10 cm with a narrow zbruptly pointed tail.
The male is smaller, measuring 2.5 to 4 cm. long with a curved tail
provided with two unequal spicules. The adult worms live in the lymph
vessels and glands especially those of the reprcductvie organs, arms, legs
or the pelvic region. Male and femzles are coiled together, the male being
less numerous than the females. The adult worms can live for several years.

Life cycle (Fig. 187)

The female lavs eggs containing larvae, their egg-shell forms a sheath
around them. These sheathed larvae are cailed mierofilarine (Fig. 187)
which measure zbout 227 — 320 microns long. The microfilariae are
discharged into the lymph where they are carried by blood vessels and
circulate with the blood and lymph. The microfilariae do not undergo
further development in man unless they are taken by the suitable bleod
sucking mosquito (Culex or Aedes or Anapheles). If not tiken by the mosquito
the larvae die within 70 days.

During night the microfilariae mugrate to the peripheral blood vessels
(blood vessels of the skin and outer pzrts of the body), so that night feeding
mosquitos can suck them with the blood while they are feeding. In places
where mosquitos are active during day the microfilariae are found during
night in deeper vessels (capillaries of lungs, kidnies, heart, ete). and during
day in peripheral blood vessels. This change in migration may be related
to the night or day feeding habits o its intermediatz host. However, in
certain regions (Pacific Islands) the microfilariae dc not show any peri-
odicity as they appear in rhe blood during day and night.

When the mosquito sucks the bload of an infected person, it takes the
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Fig. 187 — Life cycle of aria @ Wucherena banerolt

microfilarae with its food. In stomach of the mosquito the larvae lose their
sheaths within 2 — 6 hours. Then they bore through the intestinal wall
and migrate to the thoracic muscles within 4 — 17 hours, where they
develop into the infective stage afte~ moulting twice giving rise to the third
larval stage. This infective stage is about 1.4 — 2 mmlong. Then these
larvae migrate to the sheath (lower lip) of the proboscis of the mosquito
which becomes infective. The formation of the infective larvae takes 10 —
11 days after they have becn taken the mosquito.

When the mosquito bites a numan being, the larvae leaves the
proboscis and either actively penetrate the skin or they enter the puncture
made up by the mosquito mouth parts. These larvae pass to the lymph
vessels and glands where they become sexually mature after about
9 months.
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THE EUCOELOMATA

It includes a large group of triploblastic animals characterised by the
presence of a body cavity known as coelom. The coelom appears in the
mesoderm and is lingd by mesodermal epithelial cells ca led the peritoneum,
the outer layer being the somatoplenre, and the inner one covering the
alimentary canal and is called the splanchuopleure. The coclom is filled
with coelomic {luid which gives the body its rigidity and protects
the internal organs. In addition the coclom allows irdependent movem-
ents of the muscles of the alimentary canal and those of the body wall.
The presence of a wide coelomic cavity makes it necessary for the appea-
rance of circulatory and respiratory systems. The circulatory system which
connects the respiratory surface with other parts of the body, is made of
blood wvessels which contain blood plasma and cells. The respiratory
pigment is either dissolved in the plasma or containec in blood cells.

The coelom is Sormed during development either by a splitting within
originally solid masses of mescderm (as in annelids and arthropods) or
by pouches that bud off from the original gut cavity — archenteron — as
in chordates (Fig. 188). Thus successives pairs of mesedermal pouches are
formed. Each pair grows and surrounds the alimentary canal, leading to
the formation of dorsal and ventral mesenteries which are double sheets.
of peritoneum. Thus the mesoderm is segmented and the successive coelo-
mic cavities are separated by transverse septa (Fig. 188). Such segmenta-
tion is clear in annelids, and the exteznal segmentaticn of the bedy into-
segments or annuli corresponds to the internal segmentation of the
mesoderm. All the segments are similar, and all the body organs —
musculature, blocd vessels, nerves, excretory organs and gonads — are
repeated in each segment. This condition is termed metamerism, and
each segment is called metamere,

In most coelomates, however, no transverse septa are present between.
the segments in the adult animal. The coelomic cavity being continuous.
throughout the length of the body, and in higher vertebrates traces-
of segmentation can be seen in the spinal nerves, vertebrae, etc,
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Fig. 188 — Development of coelom in annelids : A) formation of a blastula
waose cells are differentiated to form the ectoderm, endoderm and micso-
derm;  B) gastrula, with outer ectoderm, inner endoderm and middle meso-
derm; C) mesoderm forms two bands surrounding the endederm, notice the
first appearance of mescdermal pouches separated bv septa; D) T.S, of o
late embryo showing coelomic pouches united o form dorsal and ventral
mesentrics; E) advanced embryo, with the mesoderr forming compartments
with a coclomic cavity.

PHYLUM ANNELIDA

The annelids are worms whose bodies are divided into similar segments.
or annuli and hence their name annelids (annelus; little ring). The phylum
is characteriscd by metameric segmentation. The external segmentation
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may coincide with the internal segmentation. However, in some annelids,
(e.g. leech), each segmert is divided into many annuli (Fig. 189 B).
Annelids are divided into classes, primarily on the basis of the presence

or absence of parapadia, setas, metam=res and other morphological
featurezs,  Of these classes, the following may be mentioned.

Class — Oligochaeta (Gr., oligos = Zew; chaite — bristle), no para~
podia, few setae, small head, hermaphradite; presence of clitellum, no
larval stage.

Example : Earthworms (Allolobophora and Lumbrius, Fig, 189 A),

Class — Polychaeta Gr., poly = many; chaite = bristle), parapodia
numerous, bristle-like setae, well developed head with eyes; tentacles and

¥

Hglicn:

Fig. 189 — Reprosentatives of aunnclids: 4) an earthworm; B)  leech
(Hirudo}; C€) a sandworm (Nereis)
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palps, no clitellum; sexes separate, trochophore larva is usually found.

Example : Sandworms (Nereis, Fig. 189 C).

Class Hirudinea (I. hirudo, leech). Body with fixed number of
segments, each segment may be divided externally into a number of annuli,
no parapodia or setac; anterior and posterior suckers, coelom reduced by
connective tissue and muscles; hermaphrodite with no larval stage.

Example : Leeches (Hirudo, Fig. 189 B),

GENERAL CHARACTERS OF ANNELIDS AS SHOWN
BY THEIR ORGAN SYSTEMS

Body wall (Fig. 190). The body wall of the earthworm is covered
with a thin transparent cuticle which is :=creted by the epidermal
cells. The cuticle is provided wih cross striations which give it an irides-
cent appearance due to refraction of light which produces various colours.
The epidermis is formed of simple epithelial cells which contain unicellular
glands which open by pores on the cuticle. Sersory and small basal cells
are also found in the epidermis. Beneath -he cpidermis there is the base-
ment membrane which is followed by the continuous muscle layers; an
outer circular and an inner longitudinal muscle layers. The muscle layer
is followed by the somatic mesoderm (parictal peritoneum) which is

MUCOUS SECRETION

CUTICLE,

PHOTORECEPTOR ORGAN
! BASEMENT MEMBRANS

MNERVE FIBRES

Fig. 190 — Diagram of a transverse section of the epideumis of the earthwoum
showing sense ¢rgans
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formed of squamous epithelivin and lines the large coelomuc caviy  The
body wall contains setagenous cells which secrete setae {Iig. 191) used to
anchor the worm when moving. Clertain p:gments as proloporphyrin are
also found in the body wall

The longitudinal muscle fibres are loug 2nough to extend through two
or three segments, ibus the segments are linked in small groups. The
arrangement of muscle layers which can exzrt a pressure on .he coleomic
fluid ensures the formation of an =laborate hvdrostatic skeleton which shows
great flexibility and speed of response.

SETAL SAC

AETRACTOR MUSCLE

PROTRACTOR  muscies PERITONEUM
OF $E1m
Fig. 191  Transverst section through the body wall of the earthworm in the

region ol a seta

Dipestive system

In the earthworm, Allolobophora, the digestive tract {Fig. 192)
comsists of : 1. The mouth which is overhung by a fleshy prostonium,
leads into a buccal cavity located in somites | to 3. 2. The bauccal cavity
connects a thick muscalar sucking pharynx /in somites 4 to 3) provided
with pharyngeal glands which secrete m:cin used for lubricazion of food.
The pharynx leads to a narrow straight oesaphagus /in somites 6 — 14)
provided with three pairs of calciferous glands. 3. The oesophagus is
connected to a large thin walled erop (in spmites 15 and 16) which is used
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carthworm

for storage of food. 4. The crop opens into a thick muscular gizzard loca-
ted in somites 17 and 18. The gizzard is lined with cuticle and used for
grinding the food by the aid of sand grains. 6. The long intestine follows
the gizzard. The intestine is provided with a deep domsal longitudinal fold,
the typholoscle which is used to increasz the digestive and absorptive
surfaces. The intestine is lined by simple columnar epithelium followed
by longitudinal and circular muscle layerz. The intestine is covered by
special yellew or chloragogen cells which are peritoneal cells which
fill the typhloscle. The chloragogen (chloragogue) celis play a role similar
to the vertebrate liver as they serve : (a} storage of food material;
(&) elimination of waste; (¢) may convert protein into fat. When dividing,
the portion of the chloragogen cell laden with the fat constricts to form a
wandering elocyte which distributes fat to various parts of the body;
{(d) deamination of proteins, formation of ammonia and synthesis of urea.

TLe intestine opens to the exterior by the anus located at the tip of the
last segment.

In the medical leech (Hirudo) the triradiate mouth is surrounded by
the oral sucker. The mouth opens into a shert kuccal cavity provided with
three jaws. The jaws which are covered witt minute denticles are provided
with muscles and salivary papillae. The kuccal cavity leads to a thick-
walled muscular pharynx located in somites 6 to 8. The pharynx is sur-
rounded with a mass of unicellular salivary glands which open between
the denticles of the jaws. The saliva cortains an anticoagulant called
hiradin or anticoagalin which prevents blood from clotting during blood

sucking. Hirudo is an external parasite and feeds by sucking the bloodzof
vertebrates.
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The pharynx is conpected with the thin walled well developed cxop
(Fig. 193). The crop is provided with clecven chambers each is provided
with a pair of lateral pouches or cacea, the eleventh pair of lazeral pouches
oa';mcca being the longest and extends il the 22nd segment The crop is

AMTERION SUCKEA

MouTH o]

FHARYNX o

SALIVARY GLAND

POSTERIOR SUCHER

Fig. 193 — Digestive system of Hirudo
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used for the storage of blood of the hest. The food may be stored for ten
to twelve months or more. The crop opens by a narrow opening into a
globular stomach with both secretory and absorptive cells. The stomach

leads to a short intestine which is followed by = short rectum which
opens by the anus on the dorsal surface above the posterior sucker.

Feeding and digestion

Earthworms normally {eed on dead plant and animal remains, leaves,
vegetation and mud rich in organic material. The food which is made
moist by the secretions of the pharyngeal glands is sucked by the suctorial
pharynx. The prostomium helps in handling fcod. The calciferous glands
secrete calcium carbonate to neutralize the acidic food. The food 18 passed
to the crop where it is stored. Then it passes to the gizzard where
it is ground up into a fine state. The mucir. secrzted by the pharyngeal
glands aids in the passage of the food while the proteolytic enzymes start
the digestion of proteins. The digestion is completed in the intestine which
secretes digestive enzymes: amylase and invertin which act upon carbo-
hydrates; cellulase acting upon cellulose; KHpase which splits fats and
pepsin which acts on proteins. Digested focd is absorbed in the intestine
where it is carrizd by the blood to the various organs. Some of the food is
absorbed into the coelomic fluid which aids in its distribution. Undigested
food is egested through the anus.

Leeches {as Hirude) live as ectoparasites on warm bloocded animals.
The leech becomes attached to its host by the oral sucker and by the aid
of its jaws forms a triradiate wound. The saliva containing the anticoa-
gulant is secreted to prevent blood [rom clotting. By the action of the
suctorial pharynx large amounts of blood are pumped into the crop. In
the crop the red blood corpuscle are haemolysed (burst) and haemoglobin
spreads in the plasma which becomes dark red in colour. Then blood
passes gradually into the stomach through a sphincter. In the stomach the
blood becomes green and is digeseted. The digested blood passes into
the intestine where absorption takes place. Undigested food is rejected
through the anus.

Circulatery system (Figs. 192 and 194).

In the earthworm the blood system is of the closed type where blood
flows in blood vessels having their own distinct walls. The circulatory
system consists, of five main longitudinal vessels; a number of transverse
vessels and numerous, branches and capillaries. The main longitudinal
vessels include : 1. a dorsal blood vessel which extends dorsal te
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Fig. 194 — Diagrams showing the circulatory system of the earthwerm :
A) in the region af 2 pseudoheart; B) in the intsstina. region

the digestive tract; 2. a ventral blood vessel, ventral to the digestive
tract; 3. a subneural blood vessel ventral to the nerve cord; and 4. two

Iateral nenmral blood wessels on either side of the nerve cord.

"The transverse vessels include : 1. the poendokearts which connect the
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dorsal and ventral vessels. There are 6 pairs in dllolobophora, 2. the subne-
ural dorsal vessels (parietal vessels) which connect the dorsal and
subnerural blood vessels (Fig. 194). From the various vessels extend
numerous branches which supply the various parts of the body the typhlo-
solar blood vessels, the ventrointestinal and dorsointestinal vessels, ete...

The blood is forced along the vessels by the peristaltic action of the
musculzr walls of the blood vessel especially the dorsal blood vessel which
is considered as the “true heart”. Valves in the vessels and pseudohearts
prevent the backflow of the blood. In the dorsal blood vessel the blood
flows forward, while in the ventral blood vessel the flow 15 forward anterior
to the pseudoheats, and backwards postericr to the hearts. The direc-
tion of the blood in the dorsal and ventral blcod vessels in annelids is the
reverse of that in chordates.

The blood is made up of a liquid plasma which contains amoeboid
cells, the blood corpuscles, In the plasma the respiratory pigment
erythrocruorin is dissolved. The latter substance is similar to haemo-
globin and gives the blood its colour. Erythrccruorin aids in the transport
of respiratory gases. The blood carries absorbed food and transports waste
products and respiratory gases.

Respiration

In earthworms there is no special respiratory system but gaseous
excharge takes place through the moist skin which is well adapted for this
process. The epidermis is sufficiently thir. to permit diffusion of gases.
Beneath the thin permeable cuticle and epidzrmis there is a rich network
of blood capillaries where oxygen can combine with erythrocruorin of the
plasma then it is carried to the various tissues. In earthworms the skin is
kept moist by the coelomic fluid, nephridia’ =xcretion and mucous glands.
Once the caticle becomes dry respiration ceases and the worm dies of
suffocation.

In leech the blood capillaries penetrate among the epidermal cells.
In aquatic annelids (polychaetes) respiraticn takes place by the parapodia
which are hollow, and the mobile lateral extensions of the body surface
or by gils which are rich in blood capi larizs.

Excre ory syst m

Excretion takes place by segmental paired nephridia which are found
in mcst of the segments. Each nephridium. (Fig. 195), consists of a ciliated
funnel or nephrostome which is found in one segment. The nephro-
stome leads to a ciliated tubule which piecces the intersegmental septum
and becomes greatly coiled forming several loops which are surrounded by
two capillary networks. The ciliated tubule leads to a wide non-ciliated



430

A
SLADOEN
SEPTUM
L =t e
oy
. S e 2
NEPHAIDIPORE oo . = RTUAR 0P
} - - i -d:f"
. w T, Do Tt
NARROW TUBE N T -
(CILIAYED) I
" SHORT Q0P
3
HMIDOLE TUBE LONG LoOP
(CILIATED) ; .
Ty pv
ak 1
2 o)

o et

vaSCULAR NETWORK WIDE TUGF (NC# CIIATED)

Fig. 195 — Diagram of the nephridium of an ewrthworm

tmbuale which expands to form a bladder-like structure which opens to
the exterior by the mephridipore. Different regions of the tubule are
specialized for different processes.

Excretion takes place as follows ;

{a) by means of cilia wastes from the coleom are drawn into the nephro-
stome and tubule,

() in the glandular region of the nephredium wastes in the blood are
removed and passed in the lumen of the tubules. The nephridia not
only remove waste materizl (urea, etc.), but also serve for : 1. salt
and water balance, which s of great importance in aquatic and ter-
restrial environment. A ccusiderable reabsorption of salts takes place
in the nephridia. In the tzrrestrial earthworms reabsorptsn of water
by the nephridia i- essential in water conservation especially when
the soil becomes dry; 2. the nephridia are used in the removal of pro-
ducts of erythrocuroin destruction.

In addition to the nephridia the chloragogen cells surrounding the
alimentary canal, extract waste products and salts from the b.ood. Thesa
waste products are deposited in these cells which are released in the coclom
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as free cells, the eleacytes. These cells either break up and pass through
the nephrostome. or they are destroyed by armoeboid cells in the coelomic
fluid

Nervous system (Fig. 196,.

*

The nervous system is more advanced than that of acecelomates. It
shows a high cegree of metameric arrangement. It consists of the central
syszem and periphera: nerves. The centra’ system consists of :

A pair of suprapharyngeal ganglia (the brain; inhibitory center) just
above the pharynx, a pair of cdrcumpharvr.gezl connectives which pass
arcund the pharynx to the subpharyngea. eanglia ‘center of motor control
and vital reflexed stirud wory center’, a ventral nerve cord with a pair
of fused ganglia in each somite. The ventral nerve cord is formed of two
c'osely united cords

PROSTOMIUM

TUBPHARTNGEAL GANCLION

FENTT SANGLION

Fig. 196 — Antenior region of t-e earthworm siow.ng the nervous system

The peripheral nervous system consists of nerves which arise from
the central sys'em. Each pair of ganglia gives off three or four pairs of
lateral nerves which innervate thz muscles, epide~mis, nephridia, and setee
in each somite. Each nerve conssts of both seasery and metor nerves,
as found in higher animals. The sensory ZJbrers come from special sensory
cell, in the epidermis, while motor fibers run from the cells in the ganglia
to muscles or glands.  The peripheral nervous system is composed of
element which have definite cornect on in the nerve cord, thus it differs
from the simplk nerve net of H.dra.
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In addition, the brain may contain neurosecretory cells and the
segmental ganglia have chromaffin cells whch have aa endocrine
function. The nerve cord of earthworms is provided with five giant fibers,
the axons of which are fused end to end at inter-segmental synapses which
allow rapid transmission of rerve impulses (at a rate of 100 feet/second; in
other nerves 20 feet/szcond). These giant fibers are used for rapid escape
movements,

There is a visceral nervous system (entire nerve system) which
consists of pharyngeal ganglia and nerves which innervate the muscles
of the gut.

Behaviour

Earthworms are adapted for their mode of life. Although they do not
possess spec alized sense organs, they react to various stimuli sach as light,
contact, moisture, chemicals; sound; etc. Most oligochaetes are negatively
phototropic to strong light and positive to weak light. Earthworms react
positively to moderat: vibratery mechanical stimuli. They also respond
to various chemical stimuli. Their chemical responses aid them in the
choice of food.

Experimental studies showed that earthworms have some learning
ability. This type oI learning is usually associated with a rzward. An
carthworm is trained to turn into the dark by receiving an elzctric shock
if it moved into the Ighted region. The dark is its ‘preferred’ environ-
ment and provides the rewaxd.

Locomotion

Locomotion in the earthwcrm is carried by extension, contraction and
flextion of the body caused by the muscle lavers, and also by the use of setae.
By action of the retractor muscles the seta are drawn into their sneath. Pro-
tractor muscles (Fig. 191) cause the setae to protrude and can be moved
forward and backward thus ac:ing as little levers. The setae serveto propel
the body in either directions within the burrows.

Reproductive system of the common earthworm, Alldlobophera

Allolobophora is hermaphrodite. The female organs (Fig. 198)
consist of : (a) a pair of small ovaries lying in scgment no. 13. Zach evary
is pear-shaped and is zttached to the posterior surface of the anterior septum
of the segment; (5} a pair of oviducts which open by ciliatzd ovarian
funnels in segment mo. 13. Each ovarian funnel leads into an enlarged
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ovisac which joins a short oviduct to open 0 the exterior by the female
genital opening on segment no. 14. In the ovisac the eggs mature; (¢) a
pair of rounded spermathecae (seminal receptacles) in segments no. 10
and 11 which opens to the outside in the grooves between segments no. 10

and 1l and 1! and 12 (Fig. 197). The spermathecae receive sperms from
the other worm.

OPULATCRY PAPILLA

FEMALE GONOFORE

HALE GONOPORE

SPERM GROOVE

Fig. 197 — The common earthworm. Allolobophora caliginosa,
amtero-ventral view

The male reproductive organs are composed of :

(@) Two pairs of gloveshaped testes found n segments no. 10 and 11.

() Opposite each testis there is a ciliated seminal funnel which leads to
a fine vas efferens which penctrates the septum and joins the vas
efferens of the posterior testis. The two vasa efferentia unite to form
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Fig. 1u8 Allubaphera calignosn [vacram showing reproducuve s.stem

the vas deferens The two vasa defercnita open by the male genital
pores on the veatral surface of segmert no 14

{¢) Four pairs of semninal vesicles lie on the sides oi the oesorhagnus n
segments 9 - 12

Life cycle

The sperm cells are produced in the testis, matured n the semmal
vesicle and passed out through the vas efferens and vas deferens. Eggs are
set free in the coleom and are collected by the ciliated funnels leading to
the oviducts. Maturz cva are stored in thz ovisacs.

Copulation takes place between two worms in such a way that the
anterior ends are in opposite directions (Fig. 199) and the twc ventral
surfaces are in contact. The clitellar region cf one worm lies opposite the
spermathecal region of the other. The worms are held together sy slime
tubes secreted by the clitellar and skin glands, and may also by the genital
setae (modified ventral setae).

The sperms of one worm pass to the seminal receptacles of the other
through the canals formed by the opposite seminal grooves (Fig 199
on the ventral surface of the two worms The movement of the sperms
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Fig. 199 — Diagram represerting copulation in the common earthworm

along the seminal grooves is aided by the contraction of the muscles
forming the groove.

After copulation which lasts for to thrce hours the two worms
separate. Few days after copulation the clizellum secretes a band-like
cococn for the deposition of the eggs. The cocoon is formed of chitin-like
material which surrounds the clitellar regicn. Then the clitellar glands
gsecrete albumin in the space between the cli-ellum and cocoon. The worm
then drags itself backwards and as the cozoon passes over the worm it
receives eggs from the female gonopores and sperms from the seminal rece-
ptacles. As the coccon slips over the anterior end of the worm, it becomes
free and its two ends constrict and close (Fig. 200}. Fertilization takes

COCoON

Fig. 200 - The carthworm : A) slime tube -onlaining cecoon; B) cocoon

place after the cocoon is slipped over the kead. The cocoon is left in the
soil, and the fertilized eggs develop into embryos which are nourished by
the albumen inside the cocoon. The cococn contains two to twenty eggs.
When hatching the young is similar to the adult.

Regeneration and grafting

Earthworms have considerable power cf regeneration. They are able
to regenerate lost or cut segments. If an earthworm is cut into two between
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segments 15 and 1€, the anterior piece wil regenerate a tail, ani the poste-
Tior piece, a new head. No more than five new segments will regenerate
at the anterior end. No head will regenerate if the cut part is osterior to
segment 18. In such cases 2 worm develops with two tails, suck worm will
starve and eventually dies. It has been shown that regeneratior of missing
pesterior segments depends on the presence of the cerebral ganglia. The
suboesophageal ganglia seetns to be essential for regeneratior.. However, the
ganglia are associated with removal of certain blood vessels that carry
neurosecretory products from the cerebrzl ganglia. These products are
«essential for regeneration.

Leceches have little or no regenerative power. Regeneration of the
carthworms seems to follow the axial eradient therory which emphasises
the physiological dominance of the anter.or end.

Earthworms can be graficd, and severz! picces from differ=nt worms
-can be grafted together to form a long worm.. By grafting a twc-headed or
two-tailed worm can be made by joining together suitable parte of several
worms, Grafting is done until they become united.

Relation of annelids to man

Earthworms are used by anglers as bat for catching fish. They also
form food for certain® birds. The activities of earthworms have beneficial
.effects on the soil. They increase the [fertility of the soil by making
burrows which help in the following manner : (&) increase sofl drainage
and aeration; (b) make the soil loose and more porous; (¢) mixing of the
soil; () help the roots of plants to penetrate deep into the scil; and (¢} aid
nitrogen fixing bacteria to make use of nitragen.

Earthworms bring up the subsoil to thz surface as castings and mix
it with the toposil, while organic material is moved to lower levzls. It has
been estimated that earthworms bring up adout 7.5 to 18 tons of earth per
acre annually. The worm feeds on the soil and vegetabl= deoris which
passes through the intestine and egested through the anus as castings. In
.doing so the leaves of plants and organic matter are grornd up in
the gizzard into fine particles. Then these pass into the intesiine where
«digestive enzymes are secreted. The egested substances enrich the soil with
valuable nitrogenous products as well as metabolic products. An earth-
-warm is able to ingest its own weight of tre soil every 24 hours. Earth-
worms bring nutritive salts which are found in the subsoil such as potas-
-sium and phosphorous to the top-soil.

Due to the importance of earthworms many authors recommend their
«culture in the soil in order to build up fertil:ty of any soil. Exteniive studies



437

are necessary to select the type of earthworm suitable for culturing. After
<culturing, worms and their eggs are introduced into the soil.

Then use of the medical leech (Hirudo medicinailis) is known by doctors
i early times, and one day the practice of medicine was spoken as
“leechery”. Leeches were used to suck the blood of sick persons as it was
believed that there was an upset in the balance of body fluids. Nowadays
in many countries barbers keep leeches for this purpose.

Leeches may live on land, in humid tropical regions, or in streams.
They may attack human beings dwelling these areas, attach themselves
to their skin and suck an appreciable amount of their blood. If a large
number of these leeches attacked a human being death may occur resuling
from loss of his blood Man may get sttacked by leeches if he swins
in infected streams. These lezches may enter the urinary passages where
they hang sn for months.

PHYLUM ARTHROPODA

The Arthropoda is the most extensive group of animals in the animal
kirgdom, including more taan three-fourths of all known spacies (about
800,000 species). It includ=s the crustaceans (prawns, crabs, lobsters,
water fleas; cyclops; etc); spiders, millipedes, centipzdes, ticks; mites and
insects. Arthropods live in a greater variety of habitats than any other
pbylum. They are adapted for life in and on: land, in water and in the air.
They are often found in plzczs where no otker forms could survive. Some
arthropods are parasitic on plants and animals. although parasitism is not
dcminant in this group. The social organization of insects is not represen-
ted in any other invertebrate group. The gregarious termites, ants and
bees have worked out marvelous systems of division of labour of great in-
genuity and complexity.

The word “arthropod’ referred to the paired Jjointed-appendages
characteristic of this phylum. Arthropeds are means of greatest competi-
tors contending for food supplies and spreading serious diseases. However,
some arthzopods are useful; lobsters, crabs, shrimps are used sa food; the
silkworm furnishes clothing; insects are necessary for cross-polination of

plants, bess furnish honey and beewax, and other insects yield useful
drugs and dyes.

General characters

I. Bilaterally symmetrical, triploblastic coelomate animals, The coelom
is greatly reduced and is only represented by the cavity of gonads and excre-.
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tory organs. The body spaces of arthrcpods are sinuses or spaces Glled with
blood and hence called haemecoele.

2, The body is metamerically segmented, but the body cavity is not
segmented. All the segments or some of them carry paired jointed appen-
dages which may be similar or are mcdified to perform certain functions.
Thus the appendages round the mouth form the mouth parts which help
in feeding.

3. The bedy is covered with a unique external skeleton; the exoskele-
ton which is secreted by the hypodermis.

4. The circulatory systern is of the open type where blcod flows
in blood sinuses.

5. Excretion takes place by coxal glands or malpighian twbules or
both.

6. Respiration may be by zills, tracheae or lung bocks which represent
an efficient breathing mechanism.

7. Presence of striated muscles ensuring rapidity in movement.

8. The nervous system and sense organs are highly developed.

STRUCTURAL AND PHYSIOLOGICAL CHARACTERS

1. Exoskeleton (Fig. 201).

It is a nonliving, noncellular substance secreted by the underlying
epidermis. It is a protein-carbohydrate compound and is composed of
several different substances. It consists of two layers :

1. The epicuticle is a thin outer layer composed of proteins aad lipids
but lacks chitin.

2. Procuticle which is a much thicker layer and contains chitin. It
is composed of an outer exocuticle and an inner endocuticle. Chitin
is an acetate of the polysaccharide that contains glycosamine as -he most
important constituent. In Crustacea the procuticle may be imp-egnated
with mineral salts (calcium carbonate 2nd phosphate). The procuticle is
an impermeable covering, but in certain areas when it is thin it aRows the
passage of gases or absorption of water. The cuticle is secreted by a one
layered hypodermis which contains dermal glands specializec in the
secretion of the moulting fluid. The hypodermis is followed by the base-
ment membrane.
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Fig. 201 -— Ssction of insect integums=nt

This hard exoskeleton is adapted to perform many functions :

. attachment of muscles,
. protection of the delicate internal organs,
. serving as levers and centers of movement,

. prevencing the entrance and loss of water,

L o W R e

. affording maximum amount of rrotection without sacrificing
mobility, and

6. elaboration of complex sensory receptors especially the unique
compound eyes.

The presence of the exoskeleton leads to many of the special characters
of arthropods such as :

1. The presence of joints and joimted appemdages. Since the
exosieleton is hard =0 movement is impossible if it ’s formed of a continuous
gheet. Movement, however, i3 made possible, by the fact that the cuticle
is laid into separate plates or sclerites which are connected together by
srticolar or arthredial membrases. In chis membrane the cuticle is
very thin and flexible where the middle hard layer of the cuticle is ahzent.
The cuticular skeleton of the appendages is made up of tube-like segments
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connected to one another by articalar membranes. Thus =ach appen-
dage has a joint at each junction.

2. Eedysis (moulting). Due to the presence of hard exockeleton, the
gradual increase in size is impossible. In order to grow, the artaropod must
shed its exoskeleton at irtervals, and growth takes place while the new
exoskeleton is still thin amd flexible. This process is called eedysis. Just
before moulting the epid=rmal glands secrete a moulting fluid which
contains enzymes which cigest the chitin and proteins of the inner layers
of the old cuticle thus separating th= cuticle from the hypodermis. Under
the old cuticle a new saft, flexible and folded epicuticle is secreted which
is imprevious to the secretzd enzymes. The animal may swall>w water or
air to aid in swelling up and bursting the old cuticle. Moultng is under
the control of hormones secreted by the sinus gland in the eye s:alk, and the
juvenile hormone secret=d by the corpora allata in insects (sez page 490).

3. Muscles. The presence of a hard exoskeleton formed of plates and
jointed appendages necessitates the presence of separate muscles forming
a complex systemn to render movement possible. The muscles are of the
striated type and are attached to the inner surface of the exoskeleton across
the joints. This arangement is quite different from that found in vertebra-
tes where the muscles are attached to the endoskeleton. In an annelid
the muscles form two cylnders lyicg beneath the epidermis.

In arthropods the museles are attached to the procuticle by special fibers
inserted on the inner surface. Flexion and extension plates are affected by
the contraction of these muscles.

Nervous System

The nervous system has reached a high degree of cephalization.
The increase in the brain size is correlated with the well developed sense
organs such as the eyes and antenna=. In addition, there are special nerves
such as the optic, auditorv, and olfactory nerves.

Respiratery System

Respiration takes placs either by gills, lung books or tracheae. In
many arthropods especially insects the respirarory system is highly deve-
loped to meet the need of oxygen for great movements. Thae tracheal
system of land arthropods is made of highly efficient system of air tubes

which deliver the oxygen directly to the cells This makes possible the
high metabolism characteristic of active insects.

The tracheal tubes corsist of a single layer of cells lined with cuticle



441

which 15 shed ouwt at moulting. The larger tubes are covered by
spiral threads of chitin which prevent them from collapsing. The finer air
tubes or tracheoles are connected directly to the tissues to deliver oxygen
and carry away carbon dioxide. In additon, there are several air sacs
in the abdomen, which pump air in and out of the tracheal system by the
alternate expansion and contraction of the abdomen. The tracheae open
to outside by the spiracles.

CLASSIFICATION OF ARTHROPODA

The classification of the arthropods is zomplex. The main classes are
as follows :

Class 1 ONYCHOPHORA

Arthropods with a thin cuticle and a soft muscular body wall. e.g.
Peripatus.

Class 2. - TRILOBITA

Fossil arthropods with body moulded mto three lobes; one pair of
antennae, c.g. Olanus.

Class 3. — CRUSTACEA

Aquatic arthropods with two pairs of antennae, e.g. Pengens (Prawn).

Class 4. - MYRIAPODA

Terrestrial arthropods with one pair of antennae and many pairs of
walking legs, e.g. Fulus.

Class 5. — ARACHNIDA

Terrestrial and zquatic arthropods with the first appendage chelate,
not antennate, e.g. Buthus and Limufus.

Class 6. — INSEGTA

Three pairs of walking legs, e.g. Periplaneta americana (the cockroach).
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CLASSIFICATION OF CLASS HEXAPODA (INSECTA)

Insects are classified into two subclasses according to the presence,
absence and development of wings and the type of metamorphosis. The
following is the classification of insects with a description of the
main orders.

Subclass 1 Apterygota (Ametabola) (Gr., a, not; prerygotos, wing).
It includes primitive wingless insects, with little or no metamorphosis,
usually with style-like appendages on pregenital abdominal segment in
addition to cerci. It includes the silver-fish ( Thermobia acgyptiaca), cotton
springtail (Lepidecyrtinus incertus) and the banana springtail (Entomobrya
muscatica).

Subclass 11 Pterygota (Metabola) (Gr. pterygotos, winged) Insects
of this class are winged, but if wingless the condition is secondarily, there
are no abdominal appendages except cerci and genitalia. This subclass
is divided into two divisions :

Division 1. Expoterygota (Heterometabola), (Gr. exo, outside;
pterygotos, winged). It includes insects with wings which develop extern-
ally as outgrowths of the thorax; with slight, incomplete or gradual meta-
morphosis. The larval stage is 2 nymph with the full number of segments
and which changes into adult after few ecdyses. This division includes
about 17 orders, the most important of which are :

Order Orthoptera {orthos, straight; pterin, wing).  Its members
with two pairs of wings, the anterior pair is thickened and the hind wing
is soft and can be folded under the forewing, incompletz metamorphoesis
and biting mouth parts. This order includes locusts (Schisiocera gregaria);
grasshoppers (Homorocoryphus nitidulus), crickets (Gryllotalpa gryllotalpa)
and the cockroach (Periplaneta).

Order Isoptera which includes termites. They are often called
wrongly white ants. Insects of this order are characteriszd by presence of
similar wings, biting mouth-parts and gradual metamorphosis. They are
social and polymorphic insects which live in communities. The commeon
Egyptian termite is Holotermes ochraceus. )

Order Anopleura {Gr. anoplos, unarmed; oura, taili. Small wingless
dorsoventrally flattened insects, with piercing and sucking mouth parts
and no metamorphosis. They are ectoparasites on birds and mammals.
This order includes the Lice, Pediculus humanus; Phihirius pubis (pubic
louse),
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Order Hemiptera (Gr. hemi, half; pteron, wing). The forewings are
thickened and leather-like at the basz, and menbranous at the distal half,
with piercing and sucking mouth parts and with gradual metamorphosis.
It includes the bugs; the bed-bug (Cimex), the green eotton bag (Nezara
riridula), and the water bug (Lethoserus niloticum).

Division II. Endopterygota [Holometabola) (Gr. endon, inside).

Insccts with complete metamorphosis including larval and pupal stages,
their wings develop from inside.

Order Diptera (Gr. di, two). It includes insects characterised by
having only two wings, the hind wings are meodified into halteres, with
piercing and sucking mouth, part. It includes long-horned flies, mosqui-
tos (Culex), moth flies and black flies. Short-horned (antennae 5 or
less segmented; include the fruitfly, Ceratit’s capilata; Drosophila melano-
gaster; the housefly Musca; and [leshfly, Sarcophaga.

Order Siphenaptera (Aphaniptera). It includes the fleas which are
small, wingless laterally compressed ectoparastic insccts, with legs adapted
for leaping. Compound cyes are lacking, mcuth parts of the piercing and
sucking type, with complete metamorphosis. Examples are the man flea
{Pulex), the rat flea (Xenopsylla!, and the cat flea (Cterocephalus felis).



Class — BYSECTA
THE COCKROACZIES

These are common pests of storerooms, kitchens, sinks. bakeries, scwage
and places where warmth, darkzess and food are available. The cockro-
aches are spread all over the wo-ld. They a-e noctural animals, hiding in
holes and crevices during day ard come out at night to feed. Cockroaches
are fast runners, though they cam fly.

In Egypt there are four common kinds of cockroaches :
Periplansta americana: Blaitz arientalis; Blaita germanica and Rhyllodromia
supedlectitium

PERIPLANETA AMERICANA

[t is onc of the largest cockroaches reaching up to 4cm. long.  The
body is elongate, 20 segmented and dorsoventrally flattened 1t consists of
the head, thorax and abdomen Fig. 202). The head is connected to the

HEAD ANTENNA
COMPOUNE £vg o

FROTHORAX

MESGTHORAX

‘\ METATHORAX

\ -3

il - WALXING LEG
/ \ TARSUS

10 TH TERGLM

ANAL CEACIS STLES
Fig. 202 — Periplancta arcericana. Domsal view of adult male

H4
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thorax by a slender and soft neck. The head is usually bent beneath the
tharax. The body is covered with hard brown-coloured exoskeleton. The
exoskeleton of each segment is made up of plates called sclerites which are
joined by thin flexible articu'ar or arthro.dal membranes which perm't
movement freely. There are four main sclerites in each segment, a dorsat
tergum, a ventral sternum and a pleuron on each side.

Head

The head is oval in shape, fattened ard broader than long. It lies at
a right angle to the leng axis of the body. It is highly mobile in all direc-
tions on accounr of the flexible neck. The exoskeleton enclosing the head
is called head capsule and is made up of several sclerites (Fig. 203). The
sutures between these sclerites are obliterated. The top of the head is co-
vered by thz epicranium which is formed by the fusion of two epicranial
plates separated in the nymph by 2 Y-shaped epicranial snture. The
topmost part of the epicranium is called vertex. Posterior to the vertex
on the back of the head lies the occiput. Below the epicranium there is the
frons which is connected to a ventral plate, the clypeas. The lower part
of the clypeus is membranous and from it hangs the labrum or upper lip.
The lateral sclerites are the genae or cheeks.

EPICRANIUM

COMPGUND EYE

LABIAL PALP LABRUM

Fig, 203 — Periplaneta americana. Front view of the head

On the laterodorsal sides jof the head <here is a pair of large compound
eyes. Each eye is made up of a large number of visual units, the ommati-
dia. The cornea covering the eye is in the form of hexagenal facets each
of which represents the upper surface of an ommatidium. In the angle
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between the eyes there are two small oval areas called fenestrae which
represent undeveloped ocelli (simple eyes). At the posterioc end of the
head there is an occipital foramen connecting the cavity of the head with
that of the body.

The head is made up of six segments. the first and third segments are
devoid of appendages. A pair of loag filiform many-jointed antennae
arise from membranous antennal sockets each lying below the eye in a
sclerite called fossa. Each antenna consists of a large bhasal scape, a
smaler pedicel and a long filamentous many-jointed flagellum. The
other three appendages of the head arz modified to form the biting mouth
parts (Fig. 204) which consist of the mandibles, maxiliae and labinm.

The labrum or upper lip is a flat oblong plate lying in front of the
mouth and covers the anterior surface of the mandibles. The labrum does
not repiesent an appendage. The mandibles are stout dark strongly
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chitinized jaws with inner wothed cutting edges and crushing surfaces
which work against one another laterally. There are two maxillae, each
consisting of a basal part made up of a cardo and a stipes. The latter
carries at its outer cdge an elongated five - jointed sensory maxillary palp.
On the inner side of the stipes arises an outer hook-like elongated galea,
and an inner flat blade, the lacinia ending nto two sharp claw-like pro-
jections. The inner surface of the laciniz is covered with short bristles.
The maxillae are used to hold the food by the claws of the lacinia and
bring it to the mandibles for mastication. The labium or lower lip consists
originally of the second pair of maxillae which are fused at the base. The
proximal portion of the labium consists of 2 large submentum and a small
mentum. The distal portion is a paired structure fused at its base. Itis
made up of a bilobed prementum, a pair of outer-three-jointed sensory
I=kial palps and four lobes in between the labial palps; two median small
glossae and two outer larger paraglossee. The labium takes no active
part in feeding but the glossas and parazlossae prevent the loss of food
particles from the mandibles. The hypopharynx is a flat cylindrical
tongue-like structure which projects from the mouth, with the opening of
the salivary duct at its base.

Thorax

The tharax is composed of three segments, prothorax, mesothorax
and metathoraz, The prothoraxz is covered with a large shield-like
tergum, the pronotum which extends forward to cover the neck and head.
The terga covering the mesothorax and metothorax are smaller and are
called mesonotum and metznotum respectively. The thorax carries
three pzirs of walking legs (Fig. 205) wkich articulate with the thoracie
segments between the pleuron and sternam by a basal coxa. The latter is
followed by a small articulating trechanter; a long broad femwur; a
slender tibia covered with stout bristles znd a five-jointed tarcns. The
Jjoints of the tarsus are movable and terminate with two curved claws and,
a median short hollow lobe, the pulvillus. The latter is an adhesive organ
for holding on smooth surfaces.

The mesothorax and metathorax bear a pair of wings (Fig. 202).
The fore wing arises from the anterclateral margins of the tergum of the
mesothorax. It is called tegmina and is dark coloured and heavily chitinz-
ed. The tegmina covers and protects the delicate hind wing when
in folded stage. The hind wings arise from the mesothorax, They
are membranous and larger than the fore wings, and when rest they lie
folded below the tegmina.  The wings arise as double, membranous
outgrowths of the integument strengthened by a network of ridges, the veins
or nervures which are strongly chitinzed and enclese fine tracheae



Fig. 205 - Periplancta. Walking leg

Abdomen

It consists of ten segments in the adult and eleven segments in
the embryo. The anterior seven terga are visible externally while the 8th
and 9th are narrow and telescoped or overlapped by the tzrgum in frone.
The 10th tergum is large, shield-shaped and notched posteriorly. The
podecal plate bears a pair of many jointed movable anal cerci. Each cercus
bears a sense organ receptive to sound. The anus lies beneath the 10th
tergum in between a pair of podical plates which may represent the vestiges
of the 11th segment. The posterior end and the structures it carries differ
in both sexes.

In the male (Fig. 206, the posterior end is rather narrower than that
of the female. Nine sterna are visible externally. The 9th sternum carries
a pair of unjointed slender styles. On the ventral surface of the
Oth sternum there is a concavity waich forms a pouch which contains the
genital opening and holds the complex genital apparatus made up of
chitinous hooks and plates, the gonapophyses.

In the female the broad abdomen has seven externally visible sterna
(Fig. 206). The rest are modificd in relation to the reproductive organs
and are hidden by the 7th sternuma. The latter is prolonged posteriorly
into a boat-shaped structure which is divided lateraly into two halves and
forms the lower wall of the genital pouch. This pouch is enclosed in the
7th sternum and belongs to the 8th and 9th segments. The genital pouch
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Fig. 206 — Periplaneta. Ventral view of the posterior end

contains the female genital aperture and three pzirs of curved appendages,
the gonapophyses.

There are ten pairs of respiratory openings, the spiracles, two on the
thorax and 8 on the abdomen. The first thoracic spiracle is large and lies
between the pleura of the pro- and mesothorax; the seond pair between
the meso-and metathorax. The abdominal spiracles lic on the first eight
segments, the first pair of abdominal spiracles lies dorsally on the first abdo-
minal tergum, the remaining seven pairs on the pleura of segments2 — 8.

INTERNAL ANATOMY

Alimentary canal {Fig. 207).

It consists of threc regions; stomodaeum (foregut); mesenterom
{midgut) and proctodaeam (hindgut), The stomodaeum and proctodacum
are ectodermal in origin and are thus lined with a thin chitinous cuticle
which is continuous with that of the exoskeleton. The mesenteron is short
and js lined with endodermal cells.

The stomodaeum consists of a pre-oral food cavity, mouth, cesophagus,
and crop. The pre-oral cavity is not a true buccal cavity as it lies in front
of the mouth. It is surrounded by the labrum in front, the labium from
behind and the mandibles and maxillae on the lateral sides. The hypophar-
ynx lies into the pre-oral cavity and receives the opening of the cammon
salivary dact =t its base. The mouth opens at the base of the pre-oral
cavity and is followed by a long oesophngus which dilates into a large
thin-walled erop. The latter ex‘ends in the abdomen and opens intw x
thick walled muscular, globular gizzard or proventricalus, The cuticolar
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Fig. 207 — Periplancta americana. Digestive and rervous systems

Lining of the gizzard is in the form of 6 teeth-like plates with deep grooves
in between which are provided by fine bristles. In the gizzard the food is
ground up by the aid of the teeth and then strained by the bristles,
and only fine food particles pass on the mid gut.

The mesenteron is a shart narrow tube where digestion and absorp-
tion is completed. The endodermal cells lining the mesenteron break down
while secreting their contents. Attached to the anterinr end of the midgut
are 7 -— 8 hepatic or mesenteric caeca which play a role in digestion
and absorption.

The mesenteron leads into a looped proctodaeum which consists of an
anterior short narrow ileum, a longer and wider calon and a short and
dilated rectum. The latter opens posteriorly by the anus below the 10th
tergum. The lining of the rectum i3 in the form of 6 longitudinal folds.
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At the junction of the mesenteron and ileum there is a large number of
very fine greenish yellow Malpighiam tubules which are concerned with
excretion.

At the anterior end of the alimentary canal there is a pair of salivary
glands lying alongside the crop in the thorax. Each gland consists of two
glandular lobes and a reservoir (Fig. 208). From each glandular lobe
arises a duct which joins its follow from the same side to form a common
duct. The left and right common ductz unite to form one duct which joins
the common duct arising from the two reservoirs. Both ducts unite to form
a larger comamon salivary duct which opens at the base of the hypo-
pharynx (Fig. 208). The ducts of the glands and reservoir have spirally
thickened cuticular lining.

COMMON  SALIVARY OUCT

aCOMMON DUCT OF RESERVOIR

Fig. 208 — Periplaneta americana, salivary apparatus

Food and digestion

Cockroaches are omniverous insects that feed on any kind of animal
or plant origin. They feed on dead insects, vegetable remains and even its
own cuticle after it is shed. The maxillae pick up and earry food to the
mandibles which crush and chew the food by the aid of their strong inner
teeth. The maxillae ard labium then push the food into the pre-oral cavity
from where it goes into the mouth. The function of the hypopharynx is
obscure. The food which is mixed with the salivain the pre-oral cavity
passes from the mouth into the cesophagus and then to the erop. The
saliva contains an enzyme amylase which acts upon the carbohydrates
changing them into glucose. In the crop digestion of other food substances
takes place by the action of enzymes which pass into the crop from the
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midgut through the grooves of the gizzard. In the gizzard food is crushed
and only fine particles are passed into the mid gut. The mid gut and hepatic
caeca secrete enzymes that act upon proteins and fats in an acid medium.
In the cockroach all classes of enzymes are produced exzept that represent-
ed by pepsin which is characteristic of vertebrates.  Digestion in the midgut
proceeds in a thin chitinous tube, the peritrophic membrane which is secret-
ed by special cells lining the gizzard. The peritrophic membrane is perme-
able to enzymes and digested food. It protects the lining of the midgut
from hard food particles. Digested food is absorbed .n the midgut and
hepatic caeca. In the rectum water is absorbed from undigested food, a
means of conservation of water in insects. Some of tke absorbed food is
stored as reserve food in the form of glycogen, fat and albuminous substan-
ces in the fat bodies lying in the haemocoele.

Respiratory system

The respiratory system of the cockroach consists of :

1. a series of paired respiratory openings, the spiracles, on the sides
of the body. The spiracles are guarded by valves which can open and close
by special muscles to regulate the flow of air.

2. a system of longitudinal tubes which extend throughout the length
of the body on each side forming dorsal and ventral trunks. These
trunks are connected with the spiracles and with one znother and anasto-

mose to form a network of tracheae which send branches to every part of
the body (Fig. 210).

3. a series of muscles and skeletal structures by which the insect can
pump air in and out of the system of tracheae. By alternate expansion and

contraction of the abdominal cavity, alternation of inflow and outflow of
air takes place.

A trachea (Fig. 209) is covered with a single layer of thin epithelial
cells, and is lined by a thin cuticle called intima whick in large tracnheae
forms spiral thickinings to prevent them from collapsing. Each trachea
ends into a stellate end cell, the tracheal cell from which arises a number
of fine tracheoles which are lined with a very thin cuticle without spiral
thickenings, The tracheoles are less than | micron in diameter and they
are connected directly to tissue cells where they surrour.d the cells and end
blindly within them. Thus, the cells obtain their oxygen from the air
directly and not through the blood.
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Fig. 209 — Diagram showing relationship of spiracle and tracheoles
to trachea

Mechanism of respiration

When resting air enters passively into the spiracles. When active the
abdominal muscles move causing air to enter the spiracles. Air then passes
into the tracheoles where it dissolves in the water filling them by the force
of capillarity. Thus the cells obtain their oxygen directly from the
air dissolved in the tracheoles. During great actvity (flying or running)
water is withdrawn from the tracheoles to the tissue fluids, the spaces left
in the tracheoles become filled with air moving along them. Since oxygen
diffuses much more rapidly through air than through water, the effect of
this is to improve the supply of oxygen to the cells.

In expiration carbon dioxide may pass through the cuticular covering
of the body. Carbon dioxide may dissolve in the blood plasma and reach
the body surface which is permeable to gases and thus carbon dioxide
passes oul. In addition some carbon dioxzide may pass through the spiracles.

Respiratory movements are coordinated by nerves in each segment.
These nerves receive impulses from the thoracic ganglia which control
the respiratory movements.

The first thoracic and first abdominal spiracles remain open all the time
for expiration, while the other 8 pairs of spiracles open during inspiration
and close during expiration, a means by which respiratory gases are not
mized.
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the tracheoles where it dissolves in the water filling them by the force
wpillarity.  Thus the cells obtain their oxygen directly from the
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‘lose during expiration, a means by which respiratory gases are not
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The circulatory system consists of: 1. a tubular heart situated mid-.
dorsally along the thorax and abdomen, just under the body wall. The
heart consists of 13 chambers, 3 in the thorax and 10 in the abdomen.
Each chamber has a pair of ostia, one on each side. The ostia are guarded
by valves which permit the passage of blood icto the heart. A large peri-
cardial sinus formed by a delicate dorsal diaphragm surrounds the heart,
The wall of the heart is made up of a single layer of cells having museles;
2. anteriorly the heart passes into a2 narrow dorsal aorta which extends
into the head region; and 3. haemocoele which is made up of spaces sur-
rounding the various tissues, the largest cavity being the perivisceral
sinus which forms the main body cavity surrounding the various organs.

Blood is pumped into the dorsal aorta by a series of rythmic contractions
which begins at the posterior chamber and moves forward. From the aorta
blocd passes slowly into the haemocoele. The blood moves backwards
from the haemocoele and passes into the pericardial sinus through holes
in the dorsal diaphragm. The blood enter: into the ostia aided by the
contraction of paired alary muscles attached to the diaphragm.

Both the perivisceral and pericardial sinuses are filled with a loose mass
of whitish tissue forming the fat body. The latter consists of vacuolated
cells rich in fat. This tissue serves as a store for food material and as an
excretory organ ag it contains considerable amount of nitrogenous waste
in form of urates.

Excretory system

It comsists of a large number of long, unbranched blind-ending, fine
Malpighian tubuales attached to the beginning of the hindgut and hang
freely in the haemocoele. Each tubule is lined with a single layer of large
secretory cells which have the power to extract waste nitrogenous products
(urates and wuric acid) from the blood.

Recent studies showed that in the distal end of Malpighian tubule,
water, nitrogenous waste products and dissolved salts pass into the Iumen
by a process involving active secretion. In the proximal end of the tubule
and the rectum, water and some essential salts are reabsorbed and a con-
cenirate containing uric acid crystals and urates pass into the hindgut to
be excreted with :he faeces. Thus Malpighian tubules are adapted for
water conservation, an adaptation to full terrestrial life of arthropods.

Excretion may be carried by the fat bodies where waste uric acid is
stored. Nephrocytes which are groups of cels found along the heart may
store nitrogenous products which are removed later by the blood.
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Nerveus system (Fig. 211).
The nervous system of the cockroach consists of :

1. a pair of supracesophageal ganglia (brzin) on the dorsal side
of the head which are formed by the fusion of three pairs of ganglia. The
brain is concerned mainly with sensory functions. It supplies nerves to the
eyes, antennae and labrum.

2. a pair of circumoesophageal connectives which pass around the

BRAILY

OPTIC NERVE

CIACUMOESCPHAGEAL
CONNECTIVE

BOESOPHAGEAL
GANGLION

£ TH ABDOMINAL GANGLION =iy
W

Fig. 211 — Periplancta, Nervous system
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ocsophagus 1o connect the supracesophageal ganglia with the suboesopha-
geal ganglia.

3. a suboesophageal ganglion which lies below the ocesophagus. It
is formed by the fusion of three pairs of ganglia, and is the main motor
centre which controls the movements of muscles, wings, mouth parts and

legs. From the suboesophageal ganglion nerves arise to supply the man-
dibles, maxillae and labium.

4. a double veutral nerve cord extends from the suboesophageal
ganglion and passes backwards along the ventral side of body. The two
cords are fused together and contains three thoracic ganglia, and six
abhdominal ganglia, The last abdominal ganglion is large and is formed
by the fusion of several ganglia. From it arises five pairs of peripheral
nerves which innervate the last five abdominal segments. From each of

the other ganglia several pairs of nerves supply the various parts of their
respective segments.

There is a sympathetic nerveans system which consists of : (2) a
frontal ganglion in front of the brain; (§) two oesophageal ganglia
behind the brain; (¢) a large visceral ganglion lying on the top of the
crop, and (d) nerves which connect these ganglia with the brain and supply
the muscles, alimentary canal and spiracles. The main nerve is the
stomatogastric nerve which runs on the dorsal side of the crop.

Sense organs

These include the compound eyes and various receptors sensitive to
light, sound, touch, temperature change; taste and smell. These receptors
are calld sensillae (Fig. 212). Each sensilla consists of a modified bristle,
two or more trichogen cells which are modified hypodermal cells, and
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a nerve ccll ending in a rerve fibre. The sensillae of touch, taste apd smell
are simple and isclated. Tlose of hearing are formed of aggregations of
gensillae forming elaborate o-gans. The tactile semsillne are located on
the hairs of antennae, palpi, legs, cerci and bedy surface Olfactory sem-
sillae are found mainly on the antennae and certain parts of the body.
Taste sensillae are loczted on the maxillae, while auditory sensillae are
found on the cerci which can detect sounds which the human ear cannot
hear.

The compound eys coniists of visual units called ommatidia which
are arranged radially and are covered by hexagonal cuticular facets called
the cornea. An ommatidium (Fig. 213) consists of (a) a lens (cornea)
which is a biconvex thictened transparent part of the cuticle; (4) corme-
agen celis which are clear cells that secrete the lens; (¢} vitrellar or cone
cells, a group of four czlls which surrounds the crystalline cone thar
they secrete. The cyrstallme cone acts as a lens for the refraction of
light on the sesnitive rztinilar cells; (d) retinnlar cells, a group
of seven photorecepor cells which secrete a median spindle-shaped refra-
ctive body, the rhabdome which is formed of seven rhabdemeres. The
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visual pigment is probably located with the rhabdome; (¢) pigment cells
which separate the adjacent ommatidia. These include proximal and distal
pigment cells surrounding the retinular cells and cone respectively. In the
cockroach the pigment cells are not retractable. Each ommatidium rests
on a basement membrane through which passes nerve fibres from retinula
cells to join the optic nerve.

In the cockreach the retinular cells and rhabdome are widely separated
from the crystalline cone. Such eye is called superposition eye in which
ommatidia are not separated from one another by pigment. Each
ommatidium is stimulated by light that has entered through a number
of ommatidia lenses. Thus ov::rlapping images of the object are seen. Such
overlapping images called superposition images are not very distinet
but they enable the eye to detect movements of objects at once. Eyes of

certain insects can distinguish different colours, but not all the colours of
the spectrum.

Reproductive system (Fig. 214 A).

Sexes are scparate and can be distinguished externally. The male
reproductive organs consist of : (¢) a pair of small testes which lie
below the terga of the 5th and 6th segments being embedded in the fat
body. The testes are difficult to be seen in adult males since the sperms are
formed at an early stage and stored in the utricular tabules of the mush-
room-shaped gland. From each testis arises a vas deferens. The two vasa
deferentia lead to the seminal vesicles which are bulbous whitish tubules
filled with spermns. The seminal vesicles are covered dorsally by a large

| CONGOLOBATE GLAND

Fig. 214 A — Repteroduive systemn of Periplaneta, female and male
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white-coloured utricular glasd which is in the form of long and short
tubules comprising the myushroom-shaped gland. From the seminal
vesicles a single muscular ejaculatory duct leads to exterior, opening
medially between the 9th and 10th sternum. Opening close to the genital
aperture is the duct of the conglobate gland. The latter is a slender tubule
extending below the cjaculatory duct. The conglobate gland may take
part in the formation of the outermost layer of the spermatophore.

The female reproducrive organs consist of two ovaries which lie
in the lateral region of segments 4-6 (Fig. 214 A). Each ovary is formed
of eight tubes or ovaricles, which are natrow anteriorly and broad pos-
teriorly as the contained eggs become larger. The ovarioles of each side
join together posteriorly to form a short wide oviduet. The two oviducts
unite to form a median vagina which opens on the 8th sternum by the
gonopore. The gonopore lies inside the genital chamber which receives
the opening of the collzterial glands on its dorsal side. There is a pair of
branched colleterial glands, the left gland is large and the right is small.
The ducts of the two colleterial glands unite to form a common duct which
opens into the genital chamber. There is a pair of spermathecae of
unequal size, which unite to form a commoen duct which opens into the
genital chamber. The spermathecae receive the sperms from the male
during copulation, where they are stored. The secretions of the colle-
terial glands form the egg-zase in which the eggs are laid.

Reproduction and life hictory

Males copulate with the females by their posterior ends. The sperms
which are stuck together to form pear-shaped spermatophores pass from
the ejacvlatory duct of the male into the spermathecae of the female where
they are stored. The eggs zre laid alternately from the ovaries and pass
from the vagina into the geaital chamber where fertilization takes place.
The colleterial glands secrete the purse-shaped egg-capsule or cotheca
(Fig. 214 B) which contains 16 fertilized eggs arranged in two rows. The
ootheca is formed of dark brown scleroprotein and is about 12 mm long.
The ootheea is carried by the female for several days afterwhich it sticks

them into dark dry places.

Fig. 214 B =~ Oothean of Periplancta
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The eggs haich in the form of nymphs which are similar to the adult
but smaller in size, paler in colour and deveid of wings and the gonads are
immature. The nymphs feed on the same food as the adult. They grow
and undergo six or seven ecdyses to become adults in about one year.
During this period the nymph grows, formation of wings takes place and
the gonads become mature. This type of metamorphosis is called income
plete metamorphosis.

ORDER ANOPLEURA

THE BODY-LOUSE
PEDICULUS HUMANUS CORPORIS

Tt is a small apterous insect which livesas an ectoparasite on man
where it lies its eggs in his clothes or body hairs.

External features

The adult 5 dorsoventrally flattened with a conical distinct large head
(Fig. 215 A). The head has a pair of reduced compound eyes, a pair of
short 5-jointed¢ antennae but no ocelli. The mouth parts are highly
adapted for piercing and sucking and are not seen externally when not
in use as they are withdrawn in a stylet sac within the head.

Mouth parts and feeding mechanism.

The month parts consist of two tubes (Fig. 215 B}. An upper phary-
ngeal tube which opens upon a short projection called the rostram
which is armed with small teeth on its inner surface. The lower tube is
a backward extension of the front end of the upper tube. This tube con-
tains one pair of stylets each of which is paired at the posterior end. The
salivary duct runs between the stylets. When not in use the stylets are
withdrawn into a ventral stylet sac.,

When the louse is about to suck the blood, the rostrum is evaginated
and the teeth maintain a firm hold of the skin of the host. Then the stylets
are pushed into the skin aided by special muscles. A puncture is thus
formed where the saliva is poured to prevent blood clotting. By the aid
of certain muscles the pharyngeal tube is inserted into the wound and the
blood of the host i3 sucked up by the pumping action of the pharyngeal
muscles through the blood-channel which is formed when the stylets come
together,

The therox is small, apterous and its segments are fused. It carries
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Fig, 215 — Pedicuho hrmanus corporin 1 A) life cycle and B)
longitudinnl section of bead (lower)
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three pairs of legs, cach with a one-jointed tarsus which ends in a single
powerful movable curved claw.

The claw works against 2 process of the tibia te form a chela-
like structure used for clinging to the body or to clasp hairs of its
host firmly. One pair of thoracic spiracles is found between the first and
secor.d pairs of legs.

The abdomen is broad and 9-segmented; the first two abdominal
segments are fused while the 9th segment is small. The terga and sterna
are thinly chitinized but the pleura are well chitinized and pigmented
forming the plearal plates.. The 6 pairs of abdominal spiracles open
on the pleural plates of segments 2-7,

In the female (Fig. 215) the abdomen is broader than that of
the female. The 8th abdominal segment is deeply clefted. The female
genital opening is on the 8th sternum and is surrounded by a pair of gono-
pods which are used to hold the cloth fiber {or hair) while laying eggs.
The anus is located near the cleft of the terminal segment dorsal to the
genital opening.

In the male the posterior end is round and directed upwards so that
the anal and genital apertures are dorsal in position. The male genital
organ which is well developed is in the form of a pointed grooved aedea-
gus (penis) which usually projects beyond the posterior end.

Internal anatomy

The mouth leads into a suctorial pharynx which joins a tubular
oesophagus. There are two pairs of salivary glands located in the
thorax and open into the mouth by the common salivary duect. The
oesophagus opens into a large stomach which is bilobed anteriorly. The
stomach leads into the intestime which joins a short rectum. The four
Malpighian tabales open at the junction of the stomach and intestine,

Life cycle

After copulation the female lays eggs or nits at a rate of 8 — 12 eggs
daily. An adult female can lay up to 300 eggs during its life which may
last for five weeks. The egg is ovoid and provided with an operculum
(Fig. 215). It is usually fixed to the hair or a cloth fibre by a
cement substance.

The egg hatches after a week into a nymph which undergoes three
moults within 10 — 12 days, The mymph i3 smaller than the adult with
three-jointed antennae in the first instar, and lacks the genital organs.
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At the third moult the nympa changes into the adult, 14 days after leaving
the egg. Thus there it no metamorphosis.

Types of human lice

Two subspecies of the human common louse are known :

1. Pediculus humanus corparis, the body louse. It lives in the folds
of clothes, but goes to the skin to feed. The eggs are laid on clothes
ar body hairs. This subspecies is larger in size and paler in colour than
the other subspecies, its antznnae are more slender and the divisions of
abdominal segments are less distinct.

2, P. humanus capitis, the hkead louse. It lives among the hair of the head
on which it lays its eggs. It is smaller and darker than the former species.
The antennae are thicker and the divisions of abdominal segments are
marked.

ORDER HEMIPTERA

THE BED-BUG
CIMEX LECTULARIUS

It is a common blood-aucking ectoparasite of man and prohably attacks
rodents and birds. It is usumally found in dirty crowded places especially
bed-rooms where it hides during the day in crevices of the walls, furniture
and floors, and emerges during night where it feeds on the blood of man
after piercing the skin. There are two species of Cimex which are cosmo-
politan : Cimex rofundatus which i3 common in Asia and Africa and C. lsc-
tularius which is found in Earope and America.

Cimex belongs to order Hemiptera which is characterized by piercing
and sucking mouth parts, absznce of palps and anal cerci and the presence
of two pairs of wings which may be absent in some bugs. This
order includes water bugs, bed-bugs stink-bugs etec.

External featares (Fig. 215).

The bedy is ovoid dorsoventrally flattened and reddish brown in colour.
The head is large and broad and is partly lodged in lateral extensions of
the prothorax. The head bears well developed compound eyes and a pair
of 4-jointed long antennae. "he ocelli are absent and the clypeus is distinct.
The mouth parts are in the form of a 4-segmented proboscis which i3 bent.
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Fig. 216 — CGimex lectularius, The bed bug

under the head in a ventral groove and projectz up to bases of the first pair
of legs.

‘Mouth parts and feediny mechanism.

The mouth parts are of the piercing and sucking type (Fig. 217).
The labium is 4-segmented with a deep elongated groove on its dorsal
side where two pairs of needle-like stylets, the mandibles and maxillae
are lodeged. The two pointed maxillae lie inner to the mandibles which
have serrated tips. Each maxilla has two longitudinal grooves on
its inner surface. When the two maxillae are fit together, two canzls are
formed between them; a dorsal large feod capal for sucking the blood,
and a ventral salivary cannl (duct) through which saliva passes into the
wound (Fig. 217). The food canal is connected with a suctorial pharynx
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Fig. 217 — Gimex; A} mouth parts; B) T.S. of the mouth parts

which aids in sucking the blood. The mandibles are serrated to pierce the
skin, The labrum-eipharynx is in the form of a dorsal flap which covers
the proximal part of the Jabium. There are no maxillary or labial palps.
When not in use the maxillae and mandibles are kept in the groove of the
labium which acts as a sheath. Just at the base of the labjum is

a ine pointed hypopbarynx,

When feeding the proboscis is extended and is directed downwards.
The ensheathing labium is folded to allow the mandibles and maxillae to
be pushed into the skin of the host. Then the saliva is poured thr ough the
hypopharynx into the wound through the salivary duct in order to prevent
blocd coagulation. By the action of the suctorial pharynx blood is sucked
up through the food ehannal then into the alimentary canal. The bite
of the bed-bugcauses aswelling and irritation of the skin. Bed-bugs can
survive without a meal for 6 months or more.

The thorax consists of a large pronotum (prothorax), a small trian-
gular mesethorax which has a pair of vestigial forewings (Fig. 216),
which cover the greatsr part of the mesothorax. There are three pairs of
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long walking legs, cach with a 3-jointed- tarsus terminating with two
very sharp claws.

The abdomen i3 10-segmented, the first being fused with the second,
while the 10th segment is small and surrounds the anus. Seven pairs of
spiracles are found on the ventral surface of scgments 2 to 8.

The posterior end of the abdomen in the female is somewhat broad
and rounded as compared to the bluntly pointed posterior end of the male.
The 5th sternam of the female bas a cleft on its right side where Berlese’s
organ opens. The spermatozoa which are introduced by the aedeagus
of the male into this opening, bore through Berlese’s organ and pass into
the haemocoele from where they reach the oviducts via the blood stream.
The female genital opening lies ventrally at the posterior end and is sur-
rounded by small triangniar plates the gonopods (gonapophyses).

There are no cerci.

From the left side of the 9th sternum of the male protrudes the grooved
copulatory spicule or aedeagus which is used for copulation. The sterna
of the 8th ard Sth segments arc somewhat asymmetrical.

Intermal anitomy

The eesophagus leads to a tubular stomach which leads to the
intestine and a short rectam where the Malpighian tubules open.
There are two pairs of salivary glands which secrete an anticoagulant
to prevent the blood from clotting. At the anterior end of the abdomen
there are stink glands which open, in the adult, on each side of
the mesothorax. In the young stage these glands open on the dorsal side
of the abdomen. The stink glands secrete a substance which gives the
bug its characteristic repellent smell.

Life cycle

The female lays eggs in cracks of the walls, floor and furniture, in
sleeping places. The egg is yellowish-white in colour, barrel-shaped with
a raised lid and contains a micropyle at one end. The egg is clongated
about | mm long. The eggs are laid in patches of 200 — 500 eggs, and a
female can lay eggs throughout the year in warm countries.

The eggs hatch within 8 days and a nymph emerges. The nymph is
yellowish in colour and is smaller than the adult (Fig. 216). It lacks the
fore-wings and genital organs. The tarsi of the nymph are two segmented.
The nymph moults five times, and within 7 — 24 weeks becomes an adult.



468

ORDER DIPTERA

It includes insects with a single pair of functional wings, the hind pair
is represented by knobbed balancers called halteres. The mouth parts
are sucking but may also be piercing or biting usually elongated to form a
proboscis. The three thoracic segments are fused, prothorax and metatho-
rex are small. Metamorphosis is complete and the larvae are without legs
(2podous) and with a reduced or retracted head. The pupa is either free
or enclosed in the hardened larval skin {puparium).

Diptera includes highly specialized insects such as Culex, Anopheles,
Asdes, Musca, Glossina, Stomoxyx, etc. Many of these insects have great
importance because they harbour and transmit pathogenic organisms
causing diseases to man and various animals. These diseases are malaria,
sleeping sickness, elephantiasis, yellow fever, dangue, encephalitis, derma-
tebia, ete.
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Fig. 218 — A female mosquito
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Order Diptera includes many families among which are :
l. Family Culicidae which includes mosquitos.
2. Family Anthomyidae — house fly.

1 — MOSQUITOS

These include Culex pipiens (house mosquito}; Anopheles sp., Aedes
aegyptia and many others. Mosquitos are commonly known as gnats. Their
body is formed of head, thorax and abdomen.

The head is provided with a pair of large comapound eyes, and a pair
of long antennae which are many jointed and covered with sensory hairs.
They provide an easy way of distinguishing between male and female mos-
quitos. While those of the male carry long hairs (plumose antennac)
which give them a bushy appearance; those of the female are short and like
slender threads (pilose antennze).

The mouth parts are modified for piercing and sucking. While the
female uses its proboescis for piercing and sucking, the male uses it for suck-
ing ouly. It is the female that sucks the blood of mammals, the males feed
on the juice of plants.

Mouoth parts of mosquites [piercing arcd sucking types, Fig. 219).

In the female the labrum and epipharymsz are combined to form a
sucking tube. The mandibles and maxillae are elongated slender organs
acting as stylets and used for piercing. The mandibles are finer than the
maxillae, but both have saw-like edges at their tips. The foed canal is
made by the almost rolled up sharp labrem-epipharyx and the elonga-
ted lanceolate bhypopharynx. The salivary duct runs through the hypo-
pharynx to open at its tip (Fig. 220). The saliva contains an anticoagul-
ant which prevents blood from clotting. The labium which represents
the fused second maxillae, forms a sheath in which the other mouth parts
lic when not in use. The distal end of the labium is provided by a pair of
small tactile Iabellae which represent the reduced labial palps.

The labium and other structures which it contains are collectively
known as probescis which is a long straight tube. Outside the proboscis
there is a pair of maxillary palps. The shape of the maxillary palps
differs in both females and males. In male Culex the maxillary palps are
long, 5-jointed stiff structures provided with many bristles and are usually
as long as the proboscis. In male Anopheles the five-jointed maxillary palps
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are longer than the proboscis and the terminal two joints are flat and broad,
being club-shaped. In female Culex the three-jointed maxillary palps are
short. In Anopheles the maxillary palps of the female are long slender five-
jointed structures, usually as long as the proboscis.

In nxale mosquitos the labrum-epipharynx and labium are the same
as those of the female, the mandibles and maxillae are very short and
functionless, and the hypopharynx is fused with the labium. The maxillary
palps are present.

Fig. 220 — T.5. of the proboscis of female mosquito

Feeding mechanism

The mouth paris of mosquites are adapted for piercing and sucking.
The normal food of both sexes are the juices of plants and necter of flowers.
However, females can obtain blood from vertebrates on account of their
mouth parts which are adapted for that purpose. A female mosquito stands
on the skin of a vertebrate, on which it presses its labellae, The labellae
act as a guide for the piercing stylets (mandibles, maxillae, Iabrum-epi-
pharynz and hypopharynx). The stylets are pushed into the skin while
the labium is bent back. The saliva is secreted to prevent bleod coagula-
tion, ard by the sucking action of the pharynx, the blood is sucked up
through the food channel. Mosquitos are provided with three oesophageal
food reservoirs in addition to the stomach. The reservoirs are usually used
to store plant juices and not the blood which passes directly to the
stomach.
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The thorax

It is separated from tae head by a Mexible neck The pro, meso, and
metathorax are fused wogesier the prothroax and metathorax are very
small. Each segment 15 provided with a pair of long slender legs  The leg
consists of a short coxa, trochanter, femur, tibia and a long five-jointed
tarsus terminating into a pair of simple claws with a pad-like pulvillus
below each claw.

The mesothorax bears a pair of wings joined to the anterior region of
the dorsal sclerite. The wing is a membraneous fold of the skin in which
the epidermis has practically disappeared and the two layers of the cuticle
have come together. The wings arc strengthened by branched ridges
known as “veins” or “nervures”.  The veins are hollow and each con-
tains a trachea and a nerve. Wings are used for flight. Simple up and down
movements of the wings are sufficient to account for the elementary
phenomenon of insect flight.

The metathorax is devoid of wings which are represented by a pair of
small knob-like structures, the halteres which may assist the insect in
mzintaining its balance during fligh:. The halteres vibrate 300 times per
sccond during flight and if removed flight becomes difficult and
even impossible.

The abdomen

It consists of ten segments, the first is vestigial and fused with the
therax, while the nin:h and tenth are partly telescoped into the eighth.
The postrior end of the abdomen is different in both the male and female.
In the male a pair of claspers ard aedeagi project posteriorly. The
female 10th segment is blunt and carries a pair of cerci.

Internal anatomy

It is more or less similar to that of the cockroach. The- alimentary
canal consists of the pharynx, which leads to the oesophagus which
passes through the neck into the thorax where it divides into two branches
a branch connected 10 the food reszrvoir which 15 formed of three
oesophageal diverticula, the other branch leads wnto the midgut for-
med of a tubular region leading o a dilated chamber, the stomach. The
food reservoir 15 used for storage of fcod as it 1s sucked up and 1s emptied
gradually. The stomach leads into the intestine in whicn five long Mal-
pighian tubules cpen. The hind mtesune s made up of the distal
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mtestire and rectumm which is provided with six papillae.

The salivary glands are situated in the throrax. Each gland is trilobed
and opens by the common salivary duct which passes to the base of the
hypopharynx. The salivary secretion is expelled down the salivary groove
at the apex of the hypopharynx.

Life history (Figs. 221 and 222)

Mosquitos lay their eggs on or near the surface of water either fresh or
brackish. Different species require different env'ronmental conditions as
certain size of a pond, temperature, hydrogen ion concentration, salinity,
etc. The number of eggs laid by a single individual varies from 40 — 100
eggs in Anopheles, up to 300 or more in Culex pipens. While Anapheles lays
its eggs singly, Culex eggs are laid in a compact mass which form boat-shaped
raf s which float on water. Culex eggs are cigat-shaped tapering at one
eud. The eggs of Anepheles (Fig. 222) are pointed at both ends, each is
provided with a pair of lateral floats and lie borizontally.

Larva

The eggs hatch within 1 to 3 days into legless active larvae which swim
beneath the surface of water by wriggling movements of the whole body.
The lzrvae feed on minute food particles in water by means of the brush-
like structures which continually sweep a current of water into the mouth.
The larva grows and moults four times. It lives from 3 to 14 days depend-
ing on the water temperature.

‘Tke larva consists of a large chitinous head provided with a pair of
larval ocelli and a pair of the developing compound eyes of the aduit
(Fig. 221). The head bears a labrum, small toothed mandibles, a pair
of maxillae, labial plates and a pair of jointed antennae. The head
carries a pair of dense tufts of stiff bristles forming the food hrushes. The
throax is globular and its segments are fused. The slender abdomen is nine
segmented. The seven anterior abdominal segments and the thorax carries
paired rufts of bristles. The anal segment is surrounded at its apex by
four anal papillae which are small. Most spiracles are closed but two
main tracheal tubes open on the eighth segment of the abdomen. In Culex
the two spiracles open at the tip of a tubular respiratory siphon which
projects from the sighth segment and is provided by two pectens (Fig.
221). In Anopheles larva ihe siphon is lacking and the two spiracles open
on a slightly raised quadrilateral plate (Fig. 221). The two spiracles are
surrounded by five leaf—like flaps which close the piracles when the larva
is under water. When coming (o the surface the flaps spread out on the
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CULEX ANCPHELES

RESPIRATORY FUNNELS

Fig. 22] — Larvae and pupae of Culex and Anopheles
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surface film thus exposing the tracheal openings to the air. The
nineth segment is slender and is provided by four leaf-like anal
papillae. These structures were formerly known as gills, but it is now
known that they are organs through which water can enter or leave the
body, according to the osmotic pressure of the medium; they are
also capable of active uptake of ions. The degree of development of anal
papillae depends on the salinity of the medium in which the larvae live.
The papillae are large in fresh-water forms. The anal segment & covered
by a dorsal chitinous plate. It is provided with dorsal and veatral tufts
of bristles forming the dorsal and ventral brushes.

The anopheline and culicine larvae can be distinguished by
their position in water. Where the former floats horizontally just beneath
the surface film, the latter is inclined at an angle of the surface film.

Papa (Fig. 221).

After four months the larva changes into a comma-shaped pupa. While
the formation of the pupa in Culex takes from 3 to 15 days, that of Anopheles
takes 2 to 4 weeks. The pupa can swim but it does not feed. Respiration
takes place by a pair of breathing trumpets situated on the mid-dorsal
side of the cephalothorax. Thz trumpets communicate with an anterior
pair of thoracic spiracles. While the trumpets of Anopkeles pupa are
short and broad with a large terminal opening, those of Culex pupa are
longer and cylindrical with a broad distal end. The pupa floats at the top
of the water where it hangs by means of the trumpets (Fig. 222).

The body of the pupa consists of a large cephalothorax formed by the
head and thorax. Inside the cephalothorax, cases containing the com-
pound eyes, one pair of ocelli, antennae, wings and legs of the adult are
found. The ventrally flexed abdomen follows the cephalothorax The
abdomen is nine segmented with the first being very small The
last segment bears a pair of chitinous leaf-like paddles by which the
pupa swims in the water. Each of the abdominal segments of Cufex pupa
is provided with a pair of tufts of fine branched bristles. On the other hand
Anopheles puda has a pair of peg-like spines at the posterior ends of all
but the last segment. In addition the abdomen is more curved than that
of Culex (Fig. 222).

The pupal period lasts from two to seven days druing which remark-
able changes take place in the pupa and the adult insect being formed.
When fully formed the adult now called gnats emerges into the air through
a mid-dorsal split between the trumpets. The adult head merges first
followed by the body and appendages. It stands on the floating pupal
skin until its own has hardened. The adult matures 1 a week.
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Adult Anopheles can be distinguished from Culex by the fact that they
settle with the proboscis and the long axis of the body in one straight line
In Culex, the abdomen is usually parallel with or inclined towards
the surface upon which the insect rests (Fig. 222).

ANOPHELES OULEX

LARVAE

Fig. 222 — Life cycle of Anopheles and Culex

2 — THE COMMON HOUSELY
MUSCA DOMESTICA VICINA

It is the most common housezfly in Egypt and many oriental countries.
Other species of Musca are wicely spread all over the world where they
are abundant and active during summer and rainy season.
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External features

The body is composed of a large mobile head, thorax and abdomen.
The head bears two large compound eyes, three ocelli or. the epicran-
ium on a triangular ocellar plate and a pair of short three-joined antennae
lying in a depression. The last joint of each antenna is longer than the
rest and is provided with a long plurnose bristle called arista .The atennae
can be raised above the head or withdrawn into the depression.

The mouth parts are in the form of an elongated probescis lying
under the head (Fig. 223). The proboscis consists of three parts; a basal
rostrum, a middle haustellnom and a distal labella. The rostrum which
is cone-shaped is covered anteriorly with the clypeus. Morphologically
the rostrum is a part of the head and carries a pair of one-jointed maxil-
lary palps. A chitinous fulecrom which encloses the muscular pharynx
is found inside the rostrum.

Mouth parts and feeding mechanism

The haustellum is hinged to the rostrum. It is composed of a
large ventral (posterior) labium provided with 2 d-ep anterior groove
where the labrum-epipharynx and bypopharynx are found. The
foad channel is made up by the grooved labrum-epipharynx and hypopha-
rynx (Fig. 223). The hypopharynx has the salivary duct. At the point
where the pharynx joins the food channel there is a2 micro-shaped sclerite,
the prepharynx which helps to keep the lumen of the pharynx distended.
There are two strong chitinous rods, the stipes which articulate with the
sides of the labrum-epipharynx and rostrum. The stipes and maxillary
palps repressnt the maxillae.

The lahellae are two large fleshy lobes whose surfaces contain a series
of channels, which are kept open by incomplete chitinous rings, thus they
look like trzcheae and hence called psendotracheae. The pseudotra-
cheae open externally by fine holes through which liquid food is taken in.
All the pseudotracheae converge into a mouth lying in between the labellae.
The mouth (oral pit) is surrounded by small prestomal teeth which act
as a file to rasp salid food into very fine particles on which saliva is poured.
The mouth parts lack the mandibles, and labial palps.

The mouth parts of the housefly are adapted to feed on organic liquid
food which they lap by the aid of the pseudotracheae, hence the mouth
parts are called the sponging type. When feeding the labellae are placed
into the liquid food which is sucked by the action of the suctorial pharynx,
Liquid food or véry fine particles pass through the pseudotracheae then
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into the mouth from where they are carried up the food channel then
to the pharynx, oesophagus and stomach. When the food is 2 solid subs-
tance like sweets or sugars, saliva from the salivary glands and a drop
of liquid which is regurgitated from the alimentary canal are poured on to
the solid food to liquify it. Then it is sucked up through the pharynx.

Thorax

It consists of three segments, the mesothorax being the largeat while
the prothorax and metathorax are small. The mesothorax carries a
pair of large transparent wings while the metathorax bears a pair of modi-
fied wings, the halteres which are believed to be balancing organs. The
thorax carries three pairs of legs each ending into a five-jointed tarsus which
terminates with two claws and two pad-like pulvilli. The latter secrete
a sticky fiuid by the help of which the fly can rest and move on smooth
surfaces, and ceilings without walking.

The abdomen is broad in -the middle and tapers towards the apex.
It is formed of ten segments but only four are visible, the rest are either

atrophied or reduced. Five pairs of spiracles are found on the ventral edge
of the abdamen.

Life history (Fig. 224)

After mating, the female lays eggs on any decomposing organic matter
like stable manures, faeces, horse-dung, etc. The eggs are laid under
favourable conditions of moisture and temperature. They are laid in
masses of 120 — 150 eggs at one time. A female housefly can lay four to
six patches of eggs during its breeding season.

The eggs are cylindrical. whitish and about 1 mm. long. At favour-
able temperatures the eggs hatch within 8-24 hours. The larva which is
called maggot is apodous {ie. without appendages) and I12-segmented
(Fig. 224). At the anterior pointed end there is a vestigial head provided
with a pair of oral lobes carrying sensory papillae, and two mandi-
bular sclerites used to cut the food. The thorax is three-segmented and
the abdomen is eight-segmented. Both are covered with a thin soft cuticle
and are devoid of appendages. However, paired spiny locomoatory pads
are found on the ventral surface of the abdominal segments. These are
used for lccomotion. The spiracles are reduced in number and there are
two pairs of spiracles, a pair on the mesothorax, which appears after the
first moult, and a larger pzir on the dorsal side of the last abdominal
segiment.

The larva is an active feeding stage which feeds, grows and moulty
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Fig. 224 — Musta domestica.  Life cycle

twice. The larva prefers moist dark places, where it feeds on liquid organic
matter and tiny solid particles. The larva moults twice and after 4-6 days
it is changed into a pupa.

The pupa is formed after the second moult of the larva which contracts
and becomes covered with the last larval skin which hardens to form a
bar-el-shaped dark-brown pupariom in which the pupa develops (Fig.
224). The puparium shows signs of larval segmentation, spiracles and
spiny pads. It is provided with two pupal-spiracles which project between
the 5th and 6th segments of the puparium.

The pupa is an immobile ron-feeding stage which Iasts from 4-5 days
during which internol changes take place. At the end of the pupal stage
the adult fly emerges out of the pupatium. This iz aided by a blood-filled
bladder the pitiium which is form=d on the head of the adult. By forcing
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the pitilium from the head the puparium splits transversely and the imago
{adult) emerges out. The wings are left to dry, and the adult flies become
sexually mature within a week. The picilium i3 withd-avn in o the head.

THE FLEAS
PULEX IRRITANS

Thes= arz small bilaterally fatteaed ins=cts which live as ectoparasites
on birds and mammals by sucking their blood. Ths human, flea, Pulex
irritans has a small telanzular head with a pair of simple eyes, a pair of short
-stout 3-segmented antennae lying in depressions, the antennal pits, fonud
in the side of the head (Fig. 225). The antennae of the male are larger
than those of the female and are used for grasping the female during
.«copulation. In certain species of Jeas {the dog flea, Ctenocephalides) the
head is provided with.a thick row of strong curved spines pointing down-
wards from the head and forming the genal comb or ctenidia. A similar
Tow the pronotal comb projects posteriocly from the prothorax. The
ctenidia enable the flea to hold firmly on to the host, both these combs
are lacking from Pulex.

Mouth parts apd feeding mechanism

The mouth parts are modified for piercing and sucking (Fig. 225).
“The labrum-epipharynx is long with a venteal groove. The mandibles
are in the form of long blades serrated distally and are grooved along their
inner surfaces. The labrum.epipharynx fits between the mandibles to form
the blood canal through which bloed is sucked up. When the mandibles
are opposed together they form the ejection~tube at their posterior end
through which saliva is poured into the wound. The hypopharynx is
-small and attached to the base of the mandibles. The maxillae are in
the form of triangular lobes on each side of the mouth, with a pair
of 4-segmented maxillary palps. The Iabinm is reduced into a basal
plate with a pair of 5-segmented I2bial palps. The latter are slightly con-

<ave at their Inner sides to form a short sheath which surrounds the mouth
parts.

When feeding the flea punctures the skin of its host by its serrated man-
dibles. Saliva is poured into the wound, and blood is sucked up through
the suction tube aided by the suctorial pharynx. Fleas are provided by a
‘mechanism which prevents regurgitation of the contents of stomach while
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the pharynx is sucking the blood. This fezture plays an important role in
the spread of diseases such as plague which are transmiited by some species.

The thorax consists of three distinct segments, the metathorax being
the largest. There are three pairs of 5-segmented legs each ending in a
5-joint=d tarsus with a pair of claws. The legs are well developed and are
adapted for jumping. The coxae are large and stout while the femur and
tibla axe short. The hindmost pair of legs is well developed and gives the
flea its well known jumping power. There are two thoracic spiracles.

The abdomen is 10-segmented. In the female the 8th segment has
the genital aperture, the 9th tergum bears a dorsal sensory plate, the
pygidium. Internally there & the spermatheca which appears as
a comma-shaped structure near the posterior end of the abdomen.

In the male (Fig. 225) the pygidinm is found on the 9th tergum which
protrudes at both sides to form complicated finger-like projections, the
clagpers. A long aedeagus [penis) projects anteriorly from between
the claspers. While the posterior end of the male is directed upwards, that
of the female is round and not directed upwards. There are 8 pairs of
abdorminal spiracles on segments 1-8.

The body of a flea is difficult te hold even if it is caught. This is because
the chitin of which the cuticle is formed is smooth and slippery, and the
bristles on the segments are directed backwards.

Life history (Fig. 226).

Alter fertilization the female lays its eggs in the cracks of floors, under
carpets and sleeping-places of the host. A female can lay about 6 eggs daily.
The =gg is oval in shape and whitish in eolour. After 3-10 days the eggs
hatch into a caterpillar-like, apodous and wingless laxvae (Fig. 223). The
larvae move forward by the help of bristles which cover their bodies, and
by hook-like structures the amal struts. The larva is 13-segmented with
a small head devoid of eyes and provided with a pair of tiny antennae.
The larva js a free living stage which feeds on organic debris. It undergoes
two zcdyses in about 12 days, after which it is changed into a pupa which
is sutrounded by a silkken coccon which is spun by the larva. After one
or two weeks, depending on the moisture, temperature and mechanical
stimnli, the adult emerges from the pupa.
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Fig. 226 — Pulex. Life history: A) egg; B) larva; C) larva in cocoon and
Dj pupa in cozoon

MEDICAL IMPORTANCE OF INSECTS

Insects are responsible for transmitting serious diseases to man and
his domestic animals. Many insects act as intemediate hests or vectors for-
the parasite, others act as mechanical transmitters of the disease from man
to man or from animals to man. Some examples are given in table 2.

LICE

Both body and head lice are considered as the primary transmitters of
three serious diseases.

. Relapsing fever which is caused by the spirochacte Bosrelia recur-
rentis where transmission takes place by breaking or crusking the lice and
inoculating the bites with the infective fluid.

2. Epidemic typhus which is caused by Rickettsia prowazeki, an
organism which lives between the cells and causes typhus fever. The
organism is transmitted as a result of contamination of the bites or scratches
by the facces of an infected louse, or even from inhalation of the dried
faeces which may remain infective for over two months.
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3. Trench fever which is transmittad by the louse facces and is caused
by Ricketisia quintana.

BUGS

Although it is believed that bedbugs transmit many diseases to man
but there is no proof for this. However, mechanical transmission of certain
diseases may take place by bedbugs from man to man. It was found that
pathogeneic microorganisms such as spirochaetes, rickettsias, typhoid and
plague may remain in the bodies of bugs for days or weeks. Infection may
take place when bites or scratches of these bugs are contarninated by the
faeces or crushed bodies of the bugs.

The kissing bugs, Triatema spp. and Rhodnius spp. which are winged
bugs act as intermediale hosts of Chagas® disease caused by Schizotry-
panum cruzi ( Trypanosoma cruzi). These species usually defaccate while biting
which results in contamination of the bites with the faeces containing the
infective stage. Also infection may occur when rubbing the fieces with
the eyes.

MOSQUITOS

These transmit serious diseases to man caused by different organisms
and .these are :

1. Diseascs caused by viruses such as yellow fever and demgue
sbreakhone fever” which are mainly transmitted by Aedes aegypti. En-
cephzlitis is a dangerous disease which is transmitted by Culex spp.
Le. C. pipens; C. tarzalis.

2. Malaria which is caused by Plasmodimmn spp, and is transmitted by
species of Anopheles.

3. Filariasis or elephartiasis which is caused by nematodes,
Wouchereria bancrofti and W. malayi the former being the most common paras-
ite in Egypt and is transmitted by Gulex pipens.

FLIES

These are among the insects which cause widespread diseases in many
parts of the world. The housefly, Musca domsstica, is an important transmit-
ter of diseases especially those affecting the eyes and alimentary canal.
Houseflies transmit typhoid, amoebic and baclllary dyseatry and
virus of policamyelitis. Helminth eggs can also be carried externally and
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also internally, so houseflies could be a factor in causing hydatid infection.

The blood-sucking tsetse flies {Glossing spp) act as vectors of trypano-
some infections of man and his domestic animals, which cause the
African and Rhodesian sleeping sickness.

Sandflies of the genus Phledolomus are of great importance as transmit-
ters of leishmaniasis. P. papatasii s the principal vector of Oriental sore
or cataneous leishmaniasia, P. pernicionsus and P. longicuspis are the main
speries transmitting the visceral leishmaniaigs or Kala-azar in the
Mediterranean area where dogs are the reservoir hosts.

FLFAS

In addition to the human flea, Pulex irritans which is an ectoparasite
on man and other mammals, there are ather kinds which are of medical
immportance and act as vectors which transmit dangerous diseases to man.
The rat-fpa Xenopsylla chzopis i3 responsible for the transmission of plague
which is a bacterial diseases caused by Pasteurella pestis. Infection takes
place by contamination of the bite either by the faeces or regurgitated
bacteria while sucking the blood. Pufsx irritans transmits the plague
bacteria from man to man.

Fleas are also responsible for the transmission of the emdemic or
murine typhuns caused by the virus, Riskeftsia mooseri (= R. gphi). In-
fection takes place by contamination of the wound caused by the bite of
the flea, with the faeces containing the virus.

In addition fleas act as intermediate hosts of the cysticercoid larvae
of two tapeworms, the dwarf tapeworm, Hymenolepis of rats, mice and man;
and the dog tapeworm, Dipylidium caninum which infects dogs, cats and
sometimes children.

METAMORPHDSIS IN INSECTS

Many insects pass through successive stages which are different from
onic another. This change from larva to adult iz called metamor-
phosis. Three types of metamorphoses are known :

i. Ametabolic metamorphosis (Ametabola, Apterygota, direct
or incomplete metamorpbosis).

It occurs in wingless primitive msects (silver-fish, springtails) in which
the eggs develop into a young which is similar to the adult in all respects,
except its small size. The adult s:age is reached gradually after several
moultings and growth.
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2. Heterometabolic metamorphosis (Heterometabola)

The egg hatches into 2 nymph which resembles the adult insect with
compound eyes, the same mouth parts but no wings, usually with a large
head and small thorax and abdomen. The nymph is adapted to the habitat
it lives in. The nymph is voracious and grows rapidly. After successive
moults the nymph reaches the adult stage. Growth is a gradual process
in which the appednages, mouth parts and antennae grow directly into
those of the adult. The wings appear as small external outgrowths of the
thorax (hence they are called expterygota) that enlarge at successive

moults. The reproductive organs mature gradually. This type of meta-
morphosis may be :

(4) Gradual metamorphosis where the nymph lives in the same habitat
as that of the adult as in cockroaches crickets, and grasshoppers.

(6) Inromplete metamorphosis, (Hemimetabola) where the nymph
is adapted for life in a different environment from that of the adult.
The nymph of the dragonfly lives in water, feeds on aquatic animals

ard respircs by tracheal gills. It is called a paiad. The adult insect
lives on land.

3. Holometabolic metamorphosis (Holometabola, indirect or
Complete metamorphosis).

The egg hatches into worm-like segmented larva with head, thorax,
abdomen, no wings, often no legs and no compound eyes. These larvae
may be given differe.at common names according to the type of insect.
They are called caterpillar in butterflies and moths; maggots in flies,
and grubs in bectles. The larvae are different from the adult in structure,
body form, mouth parts and mode of life. They feed voraciously, crawl
and grow by moulting several times. Each larval instar becomes a larger
larva. The last larval stage changes into a resting, quiescent instar called
pupa which may be surrounded by the last larval skin, or a2 puparium
or a cocoon secreted by the labial glands of the larva.

During the pupal stage many larval organs-except the central nervous
system and developing reproductive organs — are broken down and
resorted by paagocytic cells, a process called histolysis. These are used
as bulding mzterials for the development of the adult organs. Each part
of the adualt cr imago (eyes, wings, legs, etc.); develops from a group of
cells called dises which develop directly from the eggs and remain quies-
ent during the larval stages. During the pupal stage these discs grow and
differentiate into adult structures and remain folded. On hatching out
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from the pupal case, blood is pumped into the folded structures, which
unfo'd and inflate and the adult emerges.

Complete metamerphosis occurs in  mosquitos, house fiies, fleas, etc.

Factors cantrolling metamerphosis

Experimental studies havz shown that growth, moulting and meta-
orphosis are controlled by hermones. The production and release of
these hormones are controlled by intecnal and external environmental
factors. Two hormones are invelved in metamorphosis.

1. Juvenile hormone which is secreted by a special gland the corpus
allatum which lies behind th2 brain dorsal to the -pharynx (Fig. 227).
Th:= juvenile hormone controls larval growth and moulting till the end
of the larval perid. It inhibitc metamorphosis and is not secreted during
the last larval stage thus permitting pupation to take place. If the corpora
allata are removed from the larva it quickly transforms into pupa stage.

2. Growth and differentiation hormone which is secreted from
the prothoracic glands, This hormone stimulates growth and differentia-
tion of tissues. It is secreted under the influence of a hormone secreted by
the neurosecretory cells in the intercerebral gland found in the brain
ganglia (Fig. 227). The hormor.e secreted from this gland passes along the
axons of the cells to their expand=d tips which form the corpus cardiacum.

NBJROSECRETORY CELLS
BRAIN OF IMTERCEREBRAL GLAND

Fig. 227 — Encocrine glands of an insect.
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The latter secretes a prothoracicotropic hormone which stimulates the
prothoracic gland to secrete the growth and differentiation hormone. This
hormone was isolated and called ecdysone. It causes the epidermis to
secrete the moulting fluid and thus leads to moulting and metamorphosis.

When both hormones are secreted, moulting of the larvae takes place
and adult characters are suppressed. When ecdysone is secreted alone,
the larva will moult into pupa ani the pupa into adult. The absence of
either the brain hormone or prothoracic hormone prevents metamorphasiz
mto the adult.

Class CRUSTACEA

Crustacea are aquatic arthropods. The body is divided into head and
trunk. The head is formed of five fused segments and an, anterior embry-
onic segment which carries no apdendages in the adult. The trunk with a
variable number of ssgment which may be divided into thorax and
akdomen. The akdomen may end in an unsegmented part called telson.
The telson may carry caudal furca or rami. In many forms the head may

fuse with one or more thoracic segments to form the cephalothorax covered
with a carapace.

The appendages of the body are cither of biramous or phyllopodium
type. The appendages are variously modified according to their functions
as jaws, legs, fins or accessory reproductive organs.

The exoskeleton is a hard cover formed of an outer thin non-chitinous
epicuticle and an inner chitincus hardened endocuticle.

Respiration takes place either by the general surface of the body or by
gills which develop from the thorax or abdomen or their appendages.

The excretory organs are modified coelomodacts which may take the
form of either the maxillary glands opening on the sccond maxilla or of
the antennary glands opening on the second antennze.

Sexes are scparate or united. sexual dimorphism is common,. parthen-
ogenesis sometimes occurs. Devzlopment passes through a nauplius larva.

Daphnia, (or water flea, Fig. 228), lives in fresli water; the carapaceis
in the form of a bivalved shell enclosing the trunk. The antennules are very
small and sensory. The antennae arc long biramous and used for locomo~
tion. The thorax carries five pairs of appendages of phyllopodium type.
These appendages are used for collecting the food and for respiration,
The female shows a brood pouch in which the eggs are kept and develop.
directly to young. Daphnia has tac ability to reproduce by parthenogenesis,
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Cyclops (Fig. 228)

Small fresh water crustacea The head and the first two thoracic seg-
ments are fused together. The= 1s one median eye  Antennules are long
uniramous and used as clasper: in males. The abdominal segments are
apodal. The eggs are carried ir two egg-sacs on the sidzs of the abdomen
of the female. The body ends iz a telson and two caudal furca The egg
hatches into a nauplius larva wlich develops to the adult stage.

Fig. 228 — Exampls of crustacean arthropods

Porcellio (Fig. 228,

This is a terrestrial form, lives aidden under stones and dead tree leaves,
The head carries two sessile compound eye The antennu es are reduced,
antennae are long uniramous. The first thoracic segment is fused with
the head and its appendages form the maxillipeds. The seven free thoracic
segments carry similar uniramous [=gs for walking on soil. The five anterior
abdominal appendages are birama3s and plate-like and used for respiration.
The last pair of the abdominal asperdages are biramous cylindrical and
known as uropods. The 6th abdcminal segment is fused with the telson.

The eggs are laid and kept in :he brood pouch formed on the ventral
surface of the first five free thoracic segments, development 13 direct.
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Penaens (Fig. 228)

This is a marine crustacean. It is an edible prawn which is comman
in our sea shores. The head and thorax are fused together forming the
<ephalothorax which is covered by the carapace. Respiration is carried
.out by gills in the thoracic region. )

The antennules and antennae are long and biramous. The thoracic
.appendages are used for seizing and cutting the food and for walking. The
-abdominal appendages are used for swimming. The telson ‘together with
the uropods form the tail fan.

Sexes are separate, fertilization is external in the sea. The fertilized
€ggs hatch into nauplius larvae. The nauplius larva undergoes a process
-of metamorphosis ard passes through different other forms of larvae until
it reaches the adult stage.

Neptunus (Fig. 228)

This is a2 marine edible crab. The cephalothorax is broader than long.
The abdomen is reduced and bent forwards and closely applied to the
sterna of the thorax. The atdomen iz broader in the female than in the
male. The first pair of walking legs is provided with strong chela and the
fifth pair is broad and flattened to help in swimming.

The eggs are attached to the akdominal appendages uatil hatching into
zoaca larvae which develop to the adult.

Class MYRIAPODA

Terrestrial arthropods with head and trunk. The head is provided with
-one pair of many jointed antennae, eyes in the form of groups of ocelli,
or two pairs of maxillae. The trunk is elongated and segmented.
Each segment carry one ortwo pairs of legs. Respiration by takes place by
branched tracheac which open by a series of stigmata. The excretory
-organs are in the form of Malpighian tubules which open into the hind
gut. The gut is without digestive glands. Sexes are separate, female lays eggs
which hatch and into young similar to the adult but with few segments.

Scolopendra (Fig. 229)

Found in soil under stones. Carniverous with dorsoventrally flattened
body. Each trunk segment carries a pair of jointed walking legs. The
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appendages of the first trunk segment are meodified o a par of

poison claws. The genital opening is situated at the posterior end of the
body.

Julus (Fig. 229)

Vegetarian, whose body it cylindrical. Each trunk segment has two
pairs of legs and 2 pairs of ganglia indicating the fusion of the body segments
in pairs. There are no poison claws. The genital opening les anteriorly
on the third trunk segment

SCOLOPENDERA

Fig. 229 - Examples of myrinpodous arthropods; a diplopod Julos; and
a chilopad, Scolopendra.



Class ARACHINDA

The members of this class have no antennae or proper jaws. The body
is divided into two regions : the prosoma and opisthosoma. The prosoma
consists of eight segments which carry the median eyes, paired chelicerae,
pedipalps, and four pairs of walking legs. The ecighth segment which is
called the pregenital segment carries no appendiges.

The opisthosoma consists of twelve segments and a telson. This number
is changed in some forms, this region may be diferentiated into two parts
called mesosoma and metasoma. It begins by the segment carrying the
paired genital opercula.

Arachnids include land and aquatic forms. Respiration takes place by
gill-tooks in the aquatic forms and by lung-bocks or tracheae or both in
the terrestrial forms. Sometimes there are no special respiratory organs
and the exhange of gases takes place through the skin.

Excretion takes place by Malpighian tubules and coxal glands. The
alimentary cznal with a digestive gland and sexes are separate. Larval
forms are found in some forms as Argas. This class includes the scorpions,
spid:rs, ticks and mites, (Fig. 230).

Bathus (Fig. 230)

This is the common terrestrial poisonous scorpion. The prosoma consists
of 8-segments, mesosoma of 6-segments and metasoma of 6-segments. The
chelicerae are small and chelate and pedipalps are large and chelate. The
second segment of the mesosoma carries a pair of sensory pectines,
Respiration takes place by means of four pairs of lung-books found on the
thiré. to sixth segments of mesosoma.

Oeccubis (Fig. 230)

This is thz spider commonly found in houses and other places. The
prosorna and opisthosoma are joined together by a narrow pedicle. The
chelicerae are subchelate and with poison glands. The pedipalps are simple
and they carry the palpal organs in the males Respiratory organs are
lung-books or both lung-books and tracheae. FEggs are kept in silken
€ocoons.
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Argas (Fig. 230)

It is an ectoparasite on damestic animals as fowls, dogs and camels.

The body is not segmented =nd shows neo division into prosoma and
opisthosoma

The median hypotstome anc. the chelicerae are elongated and serrated
and used for cutting or piercr with a sucking channel formed between
them. The pedipalps are sensiry. Respiratory organs are the tracheae
which open by a pair of spiracles situated laterally near the bases of the
fourth pair of walking legs. Metamorphosis occurs during the life eycle.

ARGAS
Fig. 230 — Examples of arachnids, a scorpion {Buthwus); a spider;
Qecubl and a tick (Argas)

PHYTUM MOLLUSCA

Mollusca are bilaterally syrrmetrical, unscgmented coelomate animals;
with a bhead, foot and a viscera hump covered with a mantle which secre-
tes a calcareous shell of differ=at forms. Two ctenidia for respiration are
placed in the mantle cavity iat> which open the anus and kidneys. The
gut is provided with a radula, mlivary glands and a digestive gland. The
perivisceral body cavity is pa-ty haemocoelic and partly coleomic. The
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coclom varies in development and is represented by the cavities of
the kidneys, gonads and pericardium. The nervous system is concentrated
into a circumcesophageal ring connecied to a number of ganglia. The
larvae are often of the trochophore type.

Acanthochiton (Fig. 231)

Lives sticking on to the stones of the sea shores. The shell is formed of
eight plates. Head without tentacles or eyes.

Fig. 231 — Examples of molluscs, a snadl (Eremina); a clam (Unio) coat-of-
mail shell {Acanthochiton), and cuttlefish (Sepin)
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Ereminz (Fig. 231)

Terrestrizl animal, head >earing two pairs of tentacles and one pair
of eyes. The visceral hump ic spirally coiled. The shell is of one piece and
coiled. Hermaphrodite, deselopment is direct.

Unio (Fig. 231).

Fresh water mollusc whes  body is laterally compressed and covered
by the mantle. The slell is foomed of two valves joined dorsally by a liga-
ment and hinge and closed » ntrally by two transverse adductor muscles.
The head is rudimentary, ey-s, tentacles and radula being absent. Foot
is wedge-shaped and developraent with metamorphosis.

Sepia (Fig. 231)
It is a marine animal wit_ a well developed head and two large and

highly developed eyes. The f5+t is modified to a funnel and ten arms with
suckers. The shell is internzl Development is direct.

PHYLUM ECHINODERMATA

The echnioderms are codlmate marine, bilatetally symmetrical as
larvae and radially symmetr =l as aduilts. Body wall contains calcarecus
plates or ossicles which may be referred to as internal skeleton. This skele-
ton carries spines, hence the a- me echinod:rm or spiny skin. The body is
prolonged as five arms forming the radii and the regions between them as
the interradii. Attached to tae spines and in the spaces between them
there are many small bodies kown as pedicellariae. These are sets of 2
or 3 calcareous jaws arranged 1o bite together as pincers. They are used
for dzfense, for catching food end for protection of d:rmal gills. Respira-
tion is performed through a wariety of structures as the dermal gills, tube
feet and respiratory tree. Nc aephridia for excretion which is performed
by amoebocytes. The nervour system is simple. Sexes are separate, ferti-
lization is external. Developrrent shows free swimming larvae which are
bilaterally symmetr’cal.

Astropecten (Star-fish, Fig. 532)

Star-shaped ech noderm, '»th five arms not sharply marked off from
the central disc. On the oral =urface which faces downwards, there are 5
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Fig. 232 — Examples of cchinoderms, a starfish (Astropecten) a gtea urchin
(Echinus): a brittle star (Ophiura); a sea cucumber (Holothuria, and a sea lily
{Antedon)

ambulacral grooves containing tube feet. This species lives in the sand
near the sea-shores. It has got no anus and no suckers on the tube feet.

Ophivra (Brittle-star, Fig. 232)

Starshaped with five arms which are sharply marked off from the
central disc. The tube feet are not locomotery and without suckers.
Locomotion by the movement of the arms . The arms are provided with
calcareous pieces called vertebrae. Dermal gills, anus, pedicellariae and.
ambulacral grooves are absent.

Echinus (Sea-urchin, Fig. 232)

Globular in form, without arms, provided with numerous spines and
pedicellariae, tube feet with suckers. The dermal ossicles are attached
together to form a shell.
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Holothuria (Sea-cucumbe~, Fig. 232)

This is cylindrical in shase, without arms. Some of the tube feet are
modified around the mouth n the form of a ring of tentacles. The body
wall is muscular and providrd with scattered ossicles but without spines,
or pedicellariae or ambulacrz! grooves.

Antedon (Feather-star, Fig. 232)

With a central disc anc five branched arms bearing pinnules. It is
fixed to the substratum by a number of jointed cirri. The tube feet are
without suckers. Spines and pedicellariae are absent.
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INTRODUCTION

The phylum Chordata includes the vertebrate animals (mammals
birds, amphibians, fishes; and cyclostomes) and a number of marine forms
that are not generally known except to zoologists. All of these animals are
characterised at some stage in their existance by :

1. a skeletal axis, the notochord.
2. by paired slits connecting the pharynx with the exterior:

3. by a central nerve-cord dorsal to the alimentary canal and contain-
ing a cavity or system of cavities, the neurocoele.

In many respects the chordates differ widely from one another, and it
is customary to separate them into four subphya :

1 — Subphylum CEPHALOCHORDATA in which the notochord
extends throughout the whole length of the body, from the tip of the snout
to the tip of the tail, e.g. Amphioxus.

IT — Subphylum HEMICHORDATA in which the notochord is found
in the anterior end of the body, e.g. Balanoglossus.

IIT — Subphylum UROCHORODATA in which the notochord is
restricted to the tail, e.g.dscidia.

IV — Subphylum CRANIATA or VERTEBRATA in which the
notochord is found only in the embryonic stages, later on it becomes repla-
ced by the vertebral column. The notochord in the vertebrate embryos
extends anteriorly as far as the middle of the brai only. The vertebral
column is made up of a series of bodies called vertebrae, and the notechord
disappears before the adult stage is reached. The vertebrates are the
lampreys, sharks, rays, bony fishes, frogs, toads, lizards, snakes,
crocodiles, turtles, birds, whales, seals, bats, monkeys, and mam,

Seven classes of vertebrates are recognized :

I — Class Cyclostomata.
II — Class Chondrickthyes.
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II1 — Class Ost==chthyes.
IV — Class Ampaibia.
V — Class Reptlia.
VI — Class Aves
VII -~ Class Manxmalia.

SUBPHYLUM CEPHALOCHORDATA

The animals related to thi subphylum are translucent and fish-like
ir appearance and proportons They are found in shaliow marine water
in various regions of the world and sometimes locally abundant. As the
shape suggests, they can swim rzadily, but because of poar development of
fins they spend their time with -hie body buried in the sands of the bottom,
with merely the anterior end projecting. In spite of their fish-like appear-
ance, they are far more primitive than any fish. They show all the main
chordate characters. The potochord extends the entire length of the
body projecting bevond the nzrvous system 1o the tip of the snout. They
have a dorsal tubular neurzl tuhe without a definite brain, FPharynx
is large with numerous gill clef s opening into an ectaderm-lited atrinm.
The pharynx has an endestyl= and ciliated tracts, which are concerned
with ciliary feeding. Metame=ism is well marked and even the gonads
arc segment d. There is a defmite coelem. Excretory organs are segme-
ntal nephridia.

AMPHIOXUS LANCEOLATUS

Amphioxus, the lancelet mzy be also termed Branchiostcma. It hasa
wide distribution from the Med terranean to the North Sea, in the Atlantic
coast of America and in the Indian Occean. On the Chinese coast, it
is found in such abundance thzt it is sold as food. Its bedy ranges from
one to three inches in length. The animal burrows in sand near tke shore,

with greater part of the body baried and only a fringed anterior oral hood
projecting into water.

External Features

The body of Amphioxus lanceclatus (Fig. 233) is compressed laterally and
pointed at both ends. Its dorsal surface is sharp but the ventral one, for
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the greater part of 1ts length, s flattened The anterior end (Figs. 234 and

235) represents a poorly devzloped, somewhat degenerated head, whose
ventral part consists of an expanded membrane. the oral hood, which
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encloses a cavity, the vestibule, at the bottom of which the mouth is loca-
ted. The borders of the oral hood are expanded into a series of stiff ten-
tacles or oral cirri (twenty or mo-e).

The Hattened portion of the wentral surface is bounded laterally by
two membranous folds, the metapkeural folds, or lateral fins, extending
posteriorly from the oral hood. These folds meet behind the atriopore.
From this point a median membrarous fold, the fin, passes to the posterior

end o the body, around to the dersal side, and forward along the dorsal
one to the anterior end.

The slightly wider portion of tkis fin which surrounds the pointed pos-
terior end is the caudal fin; that along the dorsal side, the dorsal fin.
The znus is situated to the left of the midventral line near the posterior
end, just behind the point where tne fin widens,

Along the sides of the bady theme are the longitudinal series of V-shaped
muscle segments or myotomes, scparated from each other by myosepta.
The myotomes extend nearly = the anterior tip, diminishing in size
above the oral hood. The numbe: of myotomes is about sixty. Immedia-
tely telow the ventral ends of the myotomes there are the gonads.

In the vestibule, inside the orzl hoed, the epithelial lin‘ng has finger-
shaped patches of ¢iliated groovs and ridzes known as Muller’s organ
or wheel organ (Figs. 234 and 235). Each patch of the wheel organ lias a
groove ending in a pit antericrly, the median dorsal patch has ‘a
long glandular and ciliated groove of Hatschek which secretes mucus.
It has a small depression slightly to the right called Hatschek’s pit which
may de sensory. At the posterior =nd of the vestibule i3 a vertical partition
called velum which bears many sensory velar tentacles forming a strainer.
The velum has a circular aperture, the enterostome,

Body Wall (Fig. 235)

There is a thin outermost perforated cuticle covering an epidermis,
which is made of a single laver of columnar epithelial cells. In
between the epidermal cells are scme sensory cells, but there are no glandy
or chromatophores. A thin layer of tough fibrous connective tissue forms
a cutis below the epidemis. Below the cutis i3 a subcutis made of a gela-
tenous material containing fibres and cutaneous canals. Below the subcu-
tis, are myotomes lined internally by a layer of parietal peritoneum, except
in the region of the pharynx where thig peritoneum is restricted-to small
tracts only.
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Skeleton

The most imporiant skeletal structure of Amphiouxs sp. is the noto-
¢hord. This clastic rod extends dorsal to the gut and ventral to the nerve
cord. Itis formed of large alternate fibrous and gelatenous cells which make
the notochord hard and turgid. The notochord is enclosed in the noto-
chordal sheath. The oral hood is also supported by a ring made of

§ ¥edAPTICULUM

PRIMARY BAR

Fig. 257-A) — Portion of the pharyngeal wall of Amphioas to-show, the
skeletal elements,
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gelatenous substance resembling soft cartilage. This ring is made of
pieces Iying end to end and each picce gives out a rod forming the axis of
an oral-cirrus. The gill bars of the pharynx are supported by skeletal
rods made of elastic gelatenous substance {Figs. 237 A, B and C). The
dorsal fn is supported by a single row of fin rays and the ventral fin kas

a doubl= row of supporting fin rays. These fin rays are made of connective
tissue ¢ontaining a gelatenous substance inside.

Digestive Tract (Figs. 233, 234, 235 and 238).

The mouth cavity is surrounded 5y a circle of stiffeneéd projecting cirri.
The pkarynx is greatly elongated, extending about half the total length
of the body. Behind the pharynx, the gut extends as a straight tube with
little sign of division into successive chambers. There is a large pouchlike

outgrowth which is generally compared to a liver although the homology
is dubious. As in vertebrates the t-be ends at the anus.

The pharynx is highly specializzd for collecting food. Amphioxus
lives on particles gathered from the sea water: these are taken in through
the mouth by ciliary action and strained out from the water as it passes
out of the body through the gill slits. The number of gill slits is more than
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150 pairs which bear no gills. The gill clefts are metameric. vertical aper-
tures when first formed in the larva, but cach gets divided into two. New
gill slits are added with age at the posterior end of the pharynx, hence their
number varies in different sp=cimens. Between the gill clefts, the wall of
the pharynx is known as gill tars or gill lamellae. The gill bars are of two
types, primary gill bars and s=condary gill bars or tongue kbars (Fig. 237,
They alternate regularly «rd differ in their structural and mode of
development. A primary gill bar is fromed of the tissuz bezween two suc-
cessive gill clefis after they Lave perforated to the exterior. It is composed
of the wall of the pharynx anc the body wall of the larva. The secondary
gill bars arise as downgrowths of the dorsal wall of the larval gill cleft;
the wall grows downwards disiding the original gill cleft into two halves
vertically. Both primary ard secendary gill bars are covered on their
outer surfaces by ciliated ectedermal or ciliated atrial epithelium, but on
their inner, anterior and posterior surfaces by endodzrmal pharyngeal
epithelium which is heavily ciliated. In the middle, each gill bar has 2
mesodermic core of connective tissue, blood vessels and gill rods.
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Th= gill bars are supported internally by gelatenous skeletal rods. All
the gill rods are united dorsally, bat ventrally, their free ends are forked
in the primary gill bars and unforked in the secondary gill bars. The
gill bars are connected by transverse symapticula which also contain
gelatenous rods and blood vesselz. The synapticula develop only after
the gill clefts have been comple=d. The primary gill bars contain a
narrow coelmic canal and three blood vessels in each rumning length-
wise. These secondary gill bars w=h simple gill rods have no part of the
coleom and only two blood vessels, run through cach of them. Beside the
cilia which are found on the gill bers there are other ciliated tracts in the
pharynx. As shown in Fig. 238, there is a mid-dorsal ciliated epibranchial
groove which leads into the openirg of the oesophagus. In the mid-ventral
wall cf the pharanx is a shallow g-oove calld endostyle. The endostyle
is lined with secreting mucous giand cells. The gland cells which are
found in tracts are separated by :iliated cells of which the median row
bears very large cilia. At the anterior part of the pharynx there are

two ciliated peripharyngeal bards which join the epibranchial groove
and eadostyle.

Respiratory System

At the early stages, the gill-slits correspond to the segmentation of the
body, but during development mare and more of themare formed (up to
180) and the correspondence is lost. The gill-slits are separated from each
other by the gill-bars which ars strongly ciliated (Figs. 237 A and
B). These cilia force water throush the slits into the atrium. In case of
Armphioxus sp., exchange of gases between the water current and blood
through the gill clefts appears coubtful, since. the blood contains no
respicatory pigments. It appear: more probable that an exchange of

gases occurs over the whole surface of the body and particularly in the
walls of the azrium.

Atrimm

The atrial cavity is formed >y metaplearal folds and lined with
cctoderm. The metapleural fold: grow down and unite by a transverse
shelf so that a cavity is enclosed with the body (Fig. 238). The atrium
surrounds the pharynx and anterir part of the intestine both laterally and

“ventrally. It extends back on the right side as a blind pouch which runs
almost up to the arus. Near the -nd of the pharynx, the atrium gives two
conical pouches, which project ir. front into the coelom on either side of
the pharynx, and are hence callxd atrioccelemic canals. They are of
unknown function. The atrium opens externally by a §mall atripore.
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Fig. 238 — Tranverse secticn of the pharyngeal region of Amphioxus.
ATR,, atrium; D.A., dorsal aerta; D. COEL., dorsal portion of coelom;
DIV, intestinal diverticulum; D.N.1 and D.N.2, branches of dortal nerve
root; END, endostyle; EP.GR, epibranchial groove; F., fin ray box; G,
gonad; 1 Y.B, primary gil bor conmniining coelom; M.Y., myotome;
METAPL., metapleural fole,; N., nostochord; N.C., nerve cord; PH.
pharynx; SUBEND COEL, subendostylar coelom; T.B., tongue bar;
V... ventral norias V.N.. ventral nerve root

Coelom

In' the region of the pharyrx the coelom is much reduced due to forma-
tion of gill-slits, though in the larva it surrcunds the pharyex all around
except mid-dorsally. In the adult, the pharyngeal coelom is reduced to
three spaces which are the swhendastylar coelom, two dorsolongito-
-dinal coelomic canalg which =ncolose the atriocoelomic canals and minute
vertical coelomic canals wlich pass through the primary gill-bars and
connect the sub-endostylar codom with the dorsal coelmic canal on each

side of the pharynx.
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Behind the pharynx there is a wide coleomic cavity around the mid
gut and hind gut. The intestine is suspend>d in tae coelom by a dorsal
mesentery. Atthe right sidz of the hind gut, the cozlom is reduced due to
the precence of the posterior extensisn of the atrium.

Circulztory System (Fig. 239)

The circulatory system lacks a Feart and is composed of vessels and
tissue chammels forming a continuous circuit. The contractile vessels have
muscular walls, but the others consisc of only a thin membrane. There is
no histological distinction among the smaller vessels between arieries, veins
and capillaries.

AFFERCNT AMD  FFERENT
RBRANCHI-L ABTERIES

SINUS YENCGSUS
PARIETAL vEn
DORASAL AORTA

SUBINTESTINAL 7ETN
CAUDAL AATERT

RN

ANTEROR CARDCirLAL YEIN MEDGUT DIVERTIC UM

Fig. 239 — Lateral view of the irculatory system of Amphioxus.

The bleod is colourless and dsvoied of corpuscles. It may be found also
in lympa spaces around fin rays and in metapleural folds. From a junction
point which is sac-like and corresponds to the sinus venosus, situated
at the pasterior end of the pharynx, = contractile vessel, which is known as
the ventral morta, runs forward beneath the endostyle and gives branches
to both si¢es into the primary gill-tars. At the commencement of each
branch, there is a contractile swelling known as bulbillus which also
pumps blood. The paired branches of either ride which are known as
afferent branchial arteries, ascend the primasy gill-bars with two
sccondacy vesseles which spring from each bulbillas. The three bran-
ches as thzy pass through the prirary gill-bars give two branches to
each secocdary gill-bar through the synapticula. These latter afferent
branchial vessels are connected indirectly wtih the wventral aorta.
Each nephridium receives branches from the vesels in the secondary
gill bar. 3lood is collected from the gill bars and nephridia by paired
efferent hranchial vessels. The efferent branchial vessels of each side
open in-o 2 lateral dorsal aorta lying on one side of the epibranchial
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groove. Shortly behind, the twe aortae unite into a single dorsal acrta
which continues backwards, and is known as the caundal artery m the
tail region. From the lympk spaces of the intestine blood 1 collected into
a sobintestinal vein. It runs below the intestine The blood in the tail
is collected in the cawdal =ein which runs forward and at the anus joins
the sub-intestinal vein and farks into the posterior cardinal veins. Small
vessels in the anterior part cf the mid-gut unite to form a hepatic portal
vein which runs along the ventral border of the mid-gut drverticulum and
ramifies in its wall, thus forring a system which is not strictly comparable
with, but which may be a sicn, of the hepatic portal system of vertebrates.
Small blood vessels from he mid-gut diverticulum unite to form a
short hepatic vein running a-ong the dorsal border of the mid-gut diverti-
culum. The hepatic vein entzrs -he sac which was previously mentioned as
corresponding to the sinus venosms. The posterior cardinal veins run
forward inside the myotomes and opposite the sinus venosas. They join
the similar anterior cardinz! veins which run back from the anterior half
of the body. The anterior axd sosterior cardinal veins of each side enter
a ductus cavieri just behird tae pharynx, The two ductus cuvieri pass
inwards through the atrium to join the sinus venosus. A renal portal
circulation and a true hapztic portal circulation are absent because of
the absence of the kidneys and a true liver. However the primitive cha-
racters of the circulatory sy tem of Amphioxus indicates that this animal
is a primitive one, ie. related 10 the original ancestors from which all
chordates evalved.

Excretory System
The ecxcetory organs ol Amphioxus are the nephridia (Figs. 240

4] PHRIDIOPORE

"ECONDARY GiLL BAR  PRIMARY GILL BAR

Fig. 240 — Nephridium wita a portion of the pharyngeal wall of Amphioxze
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and-241°, The necphridia lic over the gill slits.and project into the dorsal
coelomic cavity and extend a short way down the coelomic canals in the
primary gill bars in the form of small Sent tubes. Each nephridium bears
bunches of flame cells or solenocytes, like hollow pins with a flagellum
hanging down inside from the head, and serving to flush out the contents.
There is no internal opening to the n2phridia, which derive the products
which tkey excrete from the blood-vessels and coleomic fluid by diffusion.

SOLENQCYTE

7

=

!
\

FLAGELLUM

Fig. 241 — Solenocytes of Amphiorus showing the nuclei, long flageila
ond the openings into the main ewcretory canal leading to the atrium.

The nephridia open into the atrium by small pores situated near the top
of the secondary gill bars. They are segmented in origin. There is another
nephridium at the front of the aninal, lying dorsal to the oral hood near
the middle line. It opens into the pharynx, just behind the mouth. It is
known as Hatschsk’s nephridiuom (Fig. 234).

Reproductive System (Figs. 233 and 21?8)

Sexzs are separate although males and females ate alike-externally. The
gonads lie in the ventro-lateral part of the body wall projecting into.the
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atzium. There are 26 pairs of gonads. They are metamerically arranged
and begin from the 10th. tc the 36th. segments. They do not lie in the
atrial eavity, but are separated from it by the body-wall. When the gonads
are ripe, the germ cells burs: out of the pcuches and pierce the body wall.
Then, they pass from the awium to the cutside through the atripore.

Nervous System

The central nervous systen {Tig. 242) consists of a straight tube run-
ning dorsal to thenotochord and ventrzl to the dorsal fin-rays. The
olfactory pit on the left sice of the snout represents the spot where
the cavity of the tube opens othe extreior at earlier stages (the neuropo-
re). The cavity of the nerve tube is enlarged at its {ront end forming the
brain vesicle. At the same time, the external diameter of the tube remains
the same; its walls are therefore thinner.

VENTRAL SPINAL NERVY
Fig. 242 — Neural tubc of .Amphioxus

From the anterior part of the neural tube arise two pairs of sensory
nerves going to the oral hood, =irri and sense organs. The bedy behind the
cerebral vesicle receives the spinal nerves. Each spinal nerve has a dorsal
rcot with, aflerent sensory fibres entering and a ventral root made of several
separate efferent motor fibres leaving the neural tube. The dorsal roots
come from the skin and the ventral roots go to the myotomes. The doarsal
and ventral roots do not unite :o form a mixed spinal nerve as is the case in
higher chordates. Also a dersal root of 2 spinal nerve is slightly poste-
rior to its ventral root anc the spinal nerves of the two sides do
not correspor.d. There is an amtonomic nervous system which controls
the unstrined muscles of the zut.

Sense organs

At the front end of the nerve-tube there is an eye spot (or pigment spot)
which i supposed to be a visua organ. There are also other pigment spots
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HOTOLRARD VENTRAL YESSEL & NERVE

Fig. 243 — Balanoglossus of subphylum Hemichordata, Observe chordate
characteristics : gill slits, dorsal notechord, and dorsal nerve in section
below. (from Beover)

along the entire length of the neural tube. They are arranged in definite |
tracts and are also sensitive to lgiht. The olfactory pit is also referred to
as the Kolliker’s pit. It is probably not an olfactery sense organ since
it has no specialized sensory cells. In addition there is an infundibular
organ represented by a depression in the floor of the cerebral vesicle. It
is lined by long ciliated cells and d=tects changes in the pressure of the
fluid in the neural tube. However, papillac are sensory to touch and those
of the velar tentacles are also chemoreceptors, having an olfactory function.
Fach of the sensory cells which are scattered all over the epidermis has a
nerve fibre at its lower end and a hair-like sensory process, projecting from
the cuticle, at the outer end.

Subphylum-HEMICHORDATA
BALANOGLOSSUS

This is a worm-like, simply organised animal possessing a structure
which is commonly regarded as of the nature of a rudimentary notochord
(Fig. 243). The body is divided into three regions, a proboscis, a collar,
and a trunk. Paired lateral gill slits are present in the anterior part of
the trunk, The mouth opens on the anterior surface of the collar region,
and the anus is situated at the posterior end of the trunk. The proboscis
and collar possess cavities which become filled with water through ciliaged
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pores. When in a swollen condition, the proboscis and collar are forced
into the sand or mud, and consitute, eff=ctive burrowing instruments.
The notochord is a supporting organ consisting of a Eollow tube of cells.
It opens posteriorly into the ailimentary canal. The alimentary canal is
straight, and the mud in whi:k the animal lives is taxen into the mouth
and forced slowly through the d gestive tube, where nutriment is extracted
from the organic matter contaired in it. The gill slits open into the anwerior
portion of the alimentary canal end supply water to the tongue-like respir-
atory organs. There is a dorsal blood vesse. ending anteroirly into a cone
tractile heart which lies in = pericardial cavity. A wentral blood vessel
is connected with the dorsal blsed vessel in the collar region by two lateral
tubes. The other blood vessels are simply spaces in the tissues. Excretory
products appear to be extracted from the blood by the glomerulus or
kidney, which lies on the posterior wall of a cavity in the proboscis. The
excretions pass out throngh tie probescis pore when water is expelled
from the proboscis cavity. The nervous system is not concentrated.
A layer of nerve fibres just ben<ath the ectoderm makes the zntire surface
sensitive. Thickenings occur =long the mid-dorsal and mid-ventral lines,
of the trunk just poterior to tac collar. A meural tabe is formed by the
dorsal thickening. The coelom which arises from the primitive digestive
tract, very much as in Echnioderms, is represented by a proboscis cavity,
two collar cavities, and two t-unk cavities. The sexes are separate, two
ovaries or testes form a doubl: row in the znterior trunk region, and the
germ cells reach the exterior through porss in the sody wall.

The inclusion of the Sib-phylum Hemichordata in the Phylum
Chordata is an arrangement tte propriety of which is universally admitted
and is carried out here partly t> obviate tae incenvenience of ereting to
class into a separate phylum On the whole, however, thers scems to be
sufficient evidence for the view that, if not the existing representataives of
ancestral Chordates, they are at least a greatly modified branch, taking its
origin from the base of the chordate tree. The presence of the presumed
rudimentary representative of a notochord and of the gill slits seems to
point in this direction. It shou.d, however, be stated that, by some of these
zoologists by whom the members of this group have been most closely
studied, their chordate affinitics are altogether denied. If the Hemichor-
data are primitive Chordates, he fact is of special interest gthat they how
remarkable resemblances in icme points to a phylum, like that of the
‘Echinodermata, which has been the custom to place very low down in the
invertebrate series. The la-va of Balanoglossus is so much like that
Echinodermata, that a remote evolutionary connection between Echino-
dermata and Hemichordata ic suggested, but the preseace of the notochord
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gill slits, and the dorsal portion of the nervous system are the basis for clas-
sifying the latter as Chordata.

Subphylum UROCHORDATA
ASCIDIA

The adult urochordates or tunicates bear no resemblance to vertebrates,
but their tadpole-like larva exhibits pronounced ,chordate characteristics,
as will be described below.

Externzal Features

A tunicate, such as Ascidia, is aa oval sac-like creature which is scarce-
ly recognisable as an animal (Fig. 244 and 245). It is permanently attached
to rocks or other objects, by its bass which is generally irregular in form.
Is free end bears two openings calied siphons. When the animal is gently
squeezed, jets of water are observed to squirt from these siphons; hence
the name “sea squirt” properly aoplied to these animals. The upper
siphon is the oral or incurrent siphoa and is the degenerate anterior
end of :he animal. The lower siphon is the atrial or excarrent siphon
or atripore. It represents the posterior end. The antero-posterior axis of
the tunicates is bent into a U-shape. The region of the body between the
two siphons is therefore dorsal, and the remainning and much larger part
of the surface is ventral. The siphcns are operated by circular and long-
itudinal muscles. The outer covering of the animal is a thick, tough and
sometimes gelatenous membrane which is generally referred to as the
tunic or test. This test is secreted by the underlying epithelium and at-
tached to the enclosed body only at the siphons.

Internal Anatomy (Figs. 244 and 245).

Benzath the test, is the soft body wall which is also called the-mantle.
It cons:sts of an outer epithelium znd inner connective tissue. It encloses
the viscera, to which it adheres considerably. The oral siphon leads into
a large thin-walled bag, the phhrynx. The cavity between the pharynx
and the mantle, is the atrinm, which opens to the exterior by way of the
atrial siphon or atriopore. The lower end of he pharynx narrows into
a short oesophagus which opens into the widened stomach. The stomach
leads tato the itestine. which immediately doubles back to form+a loop
paralle: to the stomach and then ex-ends straight upward toward the atrial
siphon. termunating by an anus situated in the atrium  In the dorsal part
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of the mantle between the two sizhons is found 2n elongated mass, the
gangHon, which constitutes the central mervous system of the adult
tunicate. Nerves may be seen extending from its ends to the siphon.

In the mid-ventral line of the pharynx there is & white cord, the endo-
style or hypobranchial groove, composed of glandular and ciliated
cells. Directly opposite the endostyle in the mid-dorsal line of the pharynx
there is the dorsal lamina, which is either a deliacte membranous fold or
a fringe-like row or projections called languests. At the junction of the

pharynx and oral siphon, there generally occurs a circlet of tentacles or
irregular processes.

Chordate Features of Tunicntes

Tunicates pass through a larval stage termed the tadpole. It resembles
in shape the frog tadpole (Fig. 246) which represents an early stage where
the tzil is diagrammatically chordate. Under the simple dorsal epidermis,
is seen the neural tube which is widened anteriorly into a brain. Below
the neural tube, in the tail, is located the notochord, composed of large
cells, and below that structure is the endoderm of the future intestine, It
is enlarged anteriorly into the future pharynx. The notoehord terminates
anteriorly, just behind the brain vesicle. Both the notochord: and neural
tube are formed embryologically as in vertebrates. There is no trace of
seginentation.

GILL BASKET BRAIN  VESICLE

NOTOCHORD

ADHESIVE ORGAN
sHEARTE

Fig. 246 — A swimming larva of a tunicate

The tadpale usually swims about fora few hours, attaches to some
objects by papillae and then undergoes metamorphosis. The tail with its
chordate features is partly cast off and partly absorbed. The brain also
disappears. But, earlier, a portion of it is constricted off, persists and forms
the adult newral canal and duet. The larval pharynx enlarges and dif
ferentiates. The atrinm arises as a pair of pouches which grow in from
the outside and eventually fuse to form a simple cavity. The neural glan-t
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Is a gmall mass near the gangli»n, operung 1nto the pharynx by a delicate
duct whose mouth may be mich convoluted or folded into a structure
termed the dorsal tubercle. This whole apparatus is of nervous origin.
There is some evidence that it L the homologue of the posterior lobe of the
-pituitary of vertebrates.

Subphylam VERTEBRATA (or CRANIATA

Vertebrates, as the name implies, are those chordates which possess
a vertebral column or backbone This consists of a series of skeletal elements
embedded in the great muscles of the back and replaces the notochord of
the less complex chordates and of the vertebrate embryo. Animals which
have a ‘backbone always have sther skeletal structures, particularly those
~developed arcund the brain ard sense organs to form a cranium. Such
chordates are therefore termrmd craniates, an alternative name for
‘vertebrates.

In some vertebrates, certain animals possess jaws bordering the mouth,
Such vertebrates are grouped _ogether to form the Gnathostomata to
dis:inguish them from those, Agnatha, which do not possess jaws, and in
the modern representatives of which (the Cyclostomsta), the mouth is
round and suctorial. The gnatacstomes, too, invariably possess outgrowtfls
from the body termed limbs, and these have their particular skeletal
structures forming the limb skeleton with which are associated limb girdles.
Most of the other chordate features are clearly recognisable in vertebrates.
Th= hollow central nervous system is always well develcped and the
anterior part enlarged to form braim, the remainder constituting the
spinal cord. The ventral heast is conrained in a pericardial cavity and
leads into a ventral aorta from vhich arises a series of aortic arches passing
along visceral arches to dorsal awr:a above the pharynx. The respiratory
system always includes a respiratory surface developed in relation with
tbe pharynx, either gills (in aquatic forms) or lungs (in terrestrial animals).
Thz excretory organs of vert=brates are the kidneys. The gonads are
comapct bodies and ther duces are closely associated with those of the
kingl eys.

Sub-phylum Vertebrata i subdivided into several classes which
are :

I — Class Cyclostomata.

Without true jaws ard wittout limbs. Extinct forms, a large group
of primifive fishes armoured with large scales, ostracoderms. Existing
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11 — Chondrichthyes.
With cartilaginous skeletons and exposed gill slits, e.g. sharks and rays.

IIT — Class Osteichthyes,

With bony skeletons and with gill slits covered by an operculum e.g.,
common fresh-water and marine bory fishes.

IV — Class Amphibia.

Semi-terrestrial and aquatic farms, skin usually soft and moist, re-

spirataion usually by gills in tke larvae and by lungsin the adult,
e.g. szlamanders, frogs and toads

V — Class Reptilia.

Terrestrial or secondarily aquazic forms, covered with scales or honry
plates, e.g. lizards, snakes and turtles.

VI — Class Aves.

Terrestrial forms, adapted for flight and covered with feathers,e.g.
birds.
VII — Class Mammalia.

Terrestrial or sccondarily acmatic forms, covered with hair, e.g.
mammals.



Class CYCLOSTOMATA

PETROMYZON
(The _amprey!:

As shown in (Fig. 247), Petron»yzon isan clongated animal, the length
of which varies from a few inches to about four {~et. There is'a defined head
with a brain. The body is cylindrical but, posteriorly, it is compressed
laterally. On the head and sides of 11e body arz open pores of the lateral-
line system though a proper lateral line is absenat. There ar: no scales and
paired fins are absent. Therz are t~o dorsal firs, the posterior of which is
tontinuous with the caudal fin. "ley are supported with cartilaginous
Ins rays. At the anterior end is a -ound, ventral, suctorial buceal funnel
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Fig. 247 —- Lateral view of Petromirzon CL, clcacal aperture furinogemual);
DF, dorsal fin; E, eye; OG, openings of gill pouches; NS, nostrils; TF,
il fin.

1aving a mouth at the bottam of te funnel (Fig. 248). The Lips of the
ouccal funnel have soft papillae anc inside the funnel are horny epidermal
:eeth arranged in definite rcws. “rotrudiug through the mouth into the
Zunnel is a rasping tongue with homy teeth.  The teeth are cone-shaped
and are replaced continuously wh=n worr cut. The tongue is used for
rasping flesh and the funnel for sucking blooc ana mucus. A so-called
salivary gland opens into the mouth cavity below the tongue.

There is 2 median naszl aperture, bekind which is the pineal eye
which is senstitive to light (Fig. 249). There are other photosensitive cells
in the skin which are abundant cn the tail. The paired eves are covered
with transparent skin but without eyelids. Tkere are seven pairs of gill
slits which lead into gill pouaches. These pouches open inzo the pharynx.
In front of the tail, on the ventra; :ide, is an anal aperture and a urino~
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Fig. 248 — Ventral view of the Fig. 249 — Dorsal view of the head of
head of Petromyzon, BUC, Petromyzon. NA.AP, nasal aperture;
F., funnel; MTH, mouth; P, PN, pineal area.

papilae; T1.T3, Teeth of buccal
funinel T4, tecth of tongue.

genital apertare. In the male taere is a copulatory papilla.

The skull is primitive and the skeleton is made entirely of cartilage.
The wisceral sketeton is known as :he branchial baslict. The vertebral
colueam has incomplete vertebrze and the notochord is a persistant rod.

Ir the alimentary canal th:re is no indication of a curved and
enlarzed region which is known in all higher forms, as the stomach.
There is also a liver connected to he intestine by a bile duct. The excre-
tory organs are of the typiml structure of a vertebrate kidney.
The :ubules which form them are of mesodermal origin coming from the
coelomic epithelium and are sharply distinguished from the nephridia
which are ectodermal in origin.

Trere is a muscular pump whith is the heart (Fig. 250). It is formed
of a sinus venosus into which : hepatic and other veins enter, leading
on tc a thin-walled auricle and a thick walled ventricle. The entry to
and exit from the ventricle, which does the propelling of the blood, are
guarded by valves so that blood cannot flow in the reverse direction. The
lengt= of the structure composing he heart is greater than that of the space
(pericardium) in which they lic and consequently the heart is slightly
bent on itself into the form of an § The blood is red owing to the presence
of hazmoglobin in corpuscles and there is no splees.

The anterior end of the nervs tube (or nerve cord) i3 medified and
¢nalrged in connection with the daired sense organs to form the brain.
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Fig. 250 — Median longitue inal secticn ti rough the anterior region of an
adult Fetromyzoa. See letter e under Fig, 163}

In Petromyzon, there axe 1wo important primitive features to note
in connection with thc rerves. One is that the corsal and ventral roots of
cach segment do not join together, but remain separate. The other is that
the nerves are simple and ron-medudiated.

The young lamprey is krcwn as amamocoete larva (Fig. 251). This
larva is of special interest, secausc it shows striking similarities with
Amphioxus, and because it i= a very primitive and generalized vertebrate,
it may regarded as a counecting link between Amphioxus and
Cyclostomes.
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Fig. 251 — Median longitid nal sectior through the anterior region of the
body 0 an’ Ammocerr larva.

Lettering for Figs. 250 and 51 : B, bzaic ; BD, branchial duct ; DA, dorsal
aorta : EN, endostyle; GP, gill pouch : H, heart : HS, hypophysial sac : HT.
horny teeth ; Il. intestic. ; K, kir'ney : L. .iver ; N. notochord ; NC, nerve cord;
NS, nostril; OO. olfactory orgaa; P. plorynx ; PB, perivisceral cavity ; SM,
sucking mouth ; T, rasping tongae ; (in Fig. 250}, ventricle; V (in Fig. 251), ’

velunr ; [VA, sentral oanta,

The following characters are shown by Petromyzon and absent in

Amphictus :
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. Formation of a distinct head, brain and skmll
. Formation of a distinct heart.

. Formation of a definite lLiver.

. Formation. of pro- and meso-nephric: kidneys.
. Epidermis several- cells in thickness.

Rudimentary- vertebral colizm.

. Myotomes W-shaped.
. Rudimentary sympathetic nervous system



Class CHONDRICHTHYES

They are Gnathostomata acapted for aquatic mode of life. The organs
of respiration are gills which tzke up oxygen dissolved in water. While in
Amphioxus and Petromyzon tLere are onlv median fins, the cartilaginous
fishes possess not only median £ns but also paired fins. There are typically
two pairs of paired fins, the acterior are called the pectoral fins, and the
posterior the pelvic fins.

SCYLLIUM
{(Tke dogtlish)

As shown in Fig. 252, the cogfish possesses an elongated body with a
distinct head and tail. The lzter is provided with a tail-fin of which the
ventral lobe is larger than the ¢orsal one. The mest obvious advance over
Petromyzon conditior is the possession of paired fins, of which there are
two pairs : a pectoral and a pdvic. The body consists of three regions :
head, trunk and tail.

The head (Fig. 253; is lorso-ventrally compressed, and has on
its ventral surface the large crescentic mouth wkhich is bounded by the
upper and lower jaws. Each jow carries several rows of teeth which are
directed backwards and possess pointed ends. The nostrils are found in
front of the mouth, and are cori=cted with it by two naso-buccal grooves.
The eyes are situated a: the sides of the head. Close to each eye is found
a small rounded opening. the spiracle, which leads to tae pharynx.
Posterior to each spiracle, and 1earer to the ventral surface of the head
are found five vertical cpenings vhich arz called gill slits, which lead also
to the pharynx. Behind the he.d the trunk becomes gradually flattened.

The anus lies in a c'oara in _he midventral line behind the pelvic fins
and on each side of its is the small abdominal pore which ccmmunicates
with the coelom. In the male there is a pair of claspers on eack side of the
cloaca.

SKELETAIL SYSTEM
Exoskeleton

The whole body is covered Al over with small sharp spines, with the
points directed backwards which are the placoid scales (Fig. 254) chara-

328
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cteristic of elasmobranch fishes. They give a rough texture to the skin and
are embedded in the dermis as exoskeleten., A placoid scale has a flat four-
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lobed or rectangular basal plate from which arises a pointed backwardly
in oblique rows. They project from the =pidermis forming a directed
spine. The base is embedded in the dermis and the spine projects through
the ep:dermis beyond the surface. In a vertical section, each spine is seen
to be -overed on the outside with a hard whitish shiny enamel-like material
withir: which is the more spongy centine. Inside the spine is a pulp cavity
containing pulp made of connective tissue, blood vessels and a layer of
odontcblast cells. The basal plate is made of calcified dentine and the
spine has mostly dentine which & covered with a cap of hard modified
dentirz called vitre dentine {enzmel). The basal plate and spine are both
of mesodermal origin. Placoid izales and teeth of gnathostomes are
homologous structures. This homology can be emphasized if we consider
the development of the placoid sczles.

Development of Placoid Scales (Fig. 253)

Stages of the development of -he placoid scales are shown in (Fig. 235
A, B, C and D). During development, a group of cells known as odonto-
blasts collect in the dermis to formn a dermal papilla which incredses
i size and projects upwards imto the epidermis. Thus, it pushes
the Malpighian layer before it. Then, the cermal papillae take the shape
of 2 kasal plate and spine. Th= odontoblasts secrete dentine all around
forming the basal plate and spne of placoid scale. The dentine of
the basal plate becornes calcified. The Malpighian layer of the epidermis
in coztact with the dermal papilla is known as enamel organ. This latter
organ forms vitro dentine over the dentine of the spimne. The dermal
papila forms pulp in the pulp cavity of the scale. As the superficial layers

of the epidermis rupture, the spint ecmerges beyond it and the base remains
embedded in the dermis.

The scales are constantly replaced by cther new scales with the result

that, in a vertical section of the ¢kin, denticles in various stages of develop
ment can be secen.

Related to exoskeleton are the dermal fin rays. The fins are supported
by saff rays of dermal origin. Iz case of fishes, in general, there are four
kinds of fin rays which are ceraztotrichia, actinotrichia, lepidotrichia
and tamptotrichia. In case of cartilaginous fishes, the dermal fin rays
are of the first type (ceratotrickia). These are slender, flexible, unjointed
fin rays which consist of a fibrous material.
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DERMAL PAPILLA

MALPIGHIAN LATER  °

EMNAMEL DRGAM

MUCOUS GLAND

Fig. 255 — Development of a placoid scale
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Exndoskeleton

The internal skeleton is composed of the skull, vertebral column, ribs,
pectoral and pelvic girdles and the skeleton of the median and paired fins.
The endoskeleton is composed entircly of cartilage in which may be
deposited calcium salts.

The skmll

The cranium ({Fig. 256) is a cartilaginous case, the wall of which is
continuors throughout. Anteriorly, there is a pair of thin olfactory
capsules, while posteriorly there is a pair of stout auditory capsules,
both are firmly fused with the cranium. At the side of the olfactory and
auditory capsules are the shallow orbits. The part of the roof of the cranial
cavity behind and between the olfactory capsules is formed not of cartil-
age but af a tough fibrous membrane and the space thus filled in is termed
the anterior fontanelle. In contact with the lower surface of the
membrane is the pineal hody. Dver the orbit, there is a ridge-

~ig. 256 — Scyllium. General visw of the sknll and visceral arclies.

A. foramen for effereut pseudobranchial artery ; AC, auditory capsule ; C, cents
rum of vertabra ; CH, ceratohyal ; BC 2, ceratobranchial of second arch ; D, formen
for dorsal cpinal nerve-root ; EB 4, cpibranchial of fourth each; HB 2, hypbrachial
of second arch ; HM, hypomandibular ; ID, interdorsals cartilage ; MC, Meckels
cartilage ; O, orbit ; OC, olfnctery capsule ; PB I, pharyngobranchial of first arch ;
PG, pterygoquadrate cartilage ; V, foremen for pituitary vein ; VR, foramen for
ventral sp:nal nerve-root ; I, optic nerve foramen ; IZI, oculomotor nerve foramen ;
IV, trochlzr nerve foramen ; V and VI, trigfminal and facial foramen ; V, and

VIl O, foramina of ophthalmic tranches of trigemidal and facial.
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like promonance which is the supra-orbital crest, tcrminating anteriorly
and posteriorly in obscure processes termed resprctively the ‘pre-orbitaf:
and: post-orbital processes. . Below the crbit .is. a. longitudinal
Infra-orbital ridge. The cranial nerves all emerge through “speciak
holes. or formina. The notochord disappears in the skull region and
a definite joint is formed between the hind end o the skul] and the front
of the vertcbral column.

Connected with the cranium are the visceral arches. Tae first is the
mandibular arch which forirs the jaws and separate the spiracle from
the mouth. The upper and lower portions of this arch move on
one another. The skeleton of the upper jaw is the pterygoquadrate.
that of the lower jaw is Meckel’s cartilage. The arches between the gill-
slits also have cartilaginous rods. The second visceral arch or the hyoid
arch separates the spiracle from the first gill-slit and is composed of a dorsal
portion, the hyomandibular, a ventral portion, the ceratohyal and a
median basihyal. The following visceral arches are made up of four preces
on each side which are from above downwards, the pbaryngo-, epi.,
cerato,, and hypobranchial. There i also a median basibranchial.

Vertebral Column

The vertebral column does not come from the notochord, but it
is formed around it. The notochord is thus, enclosed inside the centra,
where it is readily located in the more primitive vertebrates. But in most
vertebrates it is gradually squeezed down and more or less disappears.
In the dogfish corresponding 1o each septurn between two segments, there
are paired basidorsal and basiventral cartilages (Fig. 257) surrounding

BASIDQASAL

FBROUS
SHEATR

BASIVENTAAL

CAUDAL ARTERY
CAUDA VEN - -

Fig. 257 — Transversc section of the vertebral colimn of the tail regicn of a young
embryo before invasion (left) and .he same of an older embryo showing iuvasion.
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the notochord. The sheath of the notochord is peretrated by these cartil-
ages which, together, form a bobbin-like ring or centrum, which constricts
and interrupts the notochord. The centra articulate on one janother end to
end, and in this ways a vertebral column is formed. Arising up from the
centra, are the neural arches which enclose the spinal cord in 2 camal.
Alternating with these, are interdosal cartilages The wventral nerves
emergz behind the neural arches, and the dorsal roots behind the inter-
dorsal cartilages.

The vertebral column is distinguished into a trunk and a caudal region.
In the trunk regicn, each vertebra consists of a centrum, neural arch
(basidorsal) and a transverse process (basiventral). The distal portion
of the latter forms a slender rib lying in the transverse septum. In the
caudal region (Fig. 257), transverse processes instead of projecting lateral
are bant inwards, beneath the centrum and fuse in the midventral line
to form the haemal arch and thus ribs are absent. Within the haemal
arch are foun€ the caudal artery and caudal vein. The centra of all the
veterbrae are amphicoelous (biconcave). Through the series of centra
runs the constricted notochord, bat it dialates in the large spaces formed
by the opposition of the amphicoelous centra of adjoining vertebrae, where
it forms a pulpy mass.

Fins (Fig. 258).

The median fins are supported by jointed cartilaginous rods or radials.
In addition, the web of the fin is supported by horny dermal fin-rays, clese
under the skir. on each side of the radials. These rays, or ceratotrichia,
are more numerous than the rad als.

SCAPULA
PROPTERYG UM

MESOPFTERYGIUM

Fig. 258 A) — Pectaral girdle and skeleton of pectoral fin
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The paired fins aiso have an imernal sseleton of cartilaginous
radials, and are anchored to ‘he bedy by girdles lying in the body-
wall The pectoral girdle is a half-loop of cartilage set transversely to
the long axis of the bedy, with 1he free ends pointing upwards. On each
side is a hollow. the glenoid cavity, in which the cartilages of the fins fit.
The lawer cartilages are the wost proximal radials, which form three carti-
lages, thc pre-, mesc-, and metapterygia. The ventral portion of
the pectoral girdle is termed th: coracoid region from the glenoid cavity
to the free tips which project dorsally the cattilage is known as the
scapular region.

The pelvic girdle (Fig. 258 B) is formed by a transverse cartilage, at
each end of which an elongat:d bacxwvardly directed basipterygium is
articulated.  This basipterygivm forms the axis of the pelvic fin, and
bears a number of cartilaginous radials on its anterior border.

The pectoral and pelvic fins, 25 well 25 the median fins, have their webs
supported by horny dermal fin-rxys, the ceratotrichia.

ISCHID  PUC
CARTILAGF

BASIPTERYGIUM

,_c/
/4

%,

i

1)

2%

258 B) — Pelvic gird ¢ and skaleton of pelvic fin.
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The Alimentary Canal (Fig. 259)

The moucth leads into the pharynx into which open the internal
apertures of the branchial clefts and of the spiracle. The pharynx leads to
the wide oesophagus which passes into the stomach. This latter is a
U-shaped organ with a long left limb continuous with the oesdphagus and
a short right one passing into the intestine. At the pylorus, there is a slight
cons-riction followed by a thickening. The intestine consists of small intes-
tine which is very short and large intestine whick Is long and wide. The
latter is divisible inte the cclon in front and the rectum behind.
The former has a spiral valve which affords a more extensive surface for
absarption. The rectum is narrower and opens behind into the cloaca.

BUCC Ty
AL CAvi SPIRACLE

i
MYN! SiLL CLEF ]

OFSOPHAGUS
BILE QUCT

PYLORUS

INTESTINE CUT QPEN
TO SHOV/SPIRAL vALVE
RECTUM

SPLEEN
RECTAL GLAND

CLOACA

Fig. 259 — Scyllium disected to show the alimentary canal.
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Connected with the alimentary canal & a large liver whica consists of
the elongated lobes. In the lefi lobe there is embedded a gall bladder.
The bile duct runs from the liver to the intestine.

The pancreas lies in the angle berween the right hand limb of
the stomach and the small intestine. Its duct enters the wall of the small
intestine and runs in it for abou: half an iach, opening at the point where
the small intestine passes into the colon. Also, there is a rectal gland which
is connected with the rectum on its decrsal surface. There is a spleen
attached to thestomach and has narrow lobe along the right-hand limb.

Respiratory System

There are five pairs of functisnal bramsehial clefts lying beuween the
hyoid and successive branchial a-ches (Figr 233 and 259). Each branchial
cleft consists of an internal pharyngeal o2ening, a spaceous branchial or
gill pouch, containing the gills and an erternal opening the gill skit or
cleft on the surface of the head. Between :uccessive clefis, there is present
on the inner side, the branchial arch ani extending obliquely backwards
from the arch to the surface of the body, 5 an interbranchial septum.
This septum is covered by epithelium and eontains blood vessels and nerves.
Arising from the arch and extending throagh the septum into the gill are
the cartilaginous gill rays. The gill proper is formed of leaf-like foldings
the seplal tissue, each fold constituting a gil lameila or filament, the distal
ends of which are free. From each branchial arch two groups of lamellae
arise, one on the anterior and onc on the pasterior lace of the septum, and
each is termed a hemibranch, the two arising from the same arch, constitut-
ing a holobranch. Each of the first four pais of branchial pouckes contains
a hemibranch on both the anterior and posterior wall, but the last pair
has a hemibranch on the anterior wall only. In each spiraclea vestigial
gill termed a pseudobranch is oresent.  Within each gill lamella, there
are sinusoids which receive blood from e afferent branckial vessel
and passes it to the efferent branchial vessel. To maintain a continu-
ous supply of oxygen, a current of water tarough the gill pouches is set up
by movements of the pharyngeal wall. 'Mater is taken into the bucco-
pharyngeal cavity through the mouth, ar when the mouth closes, the
raising of the floor of the buccopharyngeal cavity forces the contained
water through the internal openings of thz branchial clefis into the gill
pouches, bathing the gill lamellac and twen to the exterior tarough the

gill slits.



The Urinogenital System (Figs. 250 A and 3).

The Urinary apparatus is a mesonephros, The excretory and genital
systemns are closely associated and should be treated together. In
the dogfish, in the place of the singhe mesonephric duct on each side, there
are typically two. One of these, the Wolffian duct, can be regarded as
the original mescenepfic duct, and it continues to receive the tubules
from the Bowman’s capsules. The other is the Mullerian duct which
opens into the coelom by the conjcined openings of the degnerated pron-
ephric tubules and leads straight bazk to the cloaca without any connection
with the mesonephric tubules. Th= degree of development of these ducts
depends on the sex of the animal.

O5TIUr TUBAE

SHELL GLAMND

CRANIAL
MESONEPHROS

OVARY

WOLFRIAN bucr
CALDAL
MESONEPHAOS

ACCESSORY
MESOMEPHRIC CucT §

INTESTINE %
URINARY SiMys
URINARY PAPILLA

OPENING OF SVIDUCT

Fig. 260 A) — Female urinogenital system of Scyllium

The genital system is highly specialized to allow internal fertilization
and the production of a few very yolky and well protected eggs. These is
a single large ovary, from which the eggs are carried by the cilia of the
peritoneum tc a pair of funnels lying on either side of the liver behing the
heart,
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The testes arc paired and sperms are collected at their front ends by
vasa deferentia leading :nto the anterior or reproductive portion of the
mescnephros. This consists ¢f a much coiled, thick-walled, vas deferens,
whose glands produce materials that aggregates the sperms into sperma-
tophores. The vas deferens expands nto a broader ampulla (seminal
vesicle), which at its lower end gives off a forwardly directec blind diverti-
culum, the sperm sac.

AUDIMENTARY
OVIDUCT AND CSTRUM

a0

=

VASA EFFERENTIA

TESTIS 2
E: CRANIAL
MESONEPHROS

WOLFFIAN DUCT
(VAS DEFERENS)

CAUDAL

RY
MESONZPHRODS ACCESSO

" MESOMEPHAIC DUCT
SEMIPAL VESIC E

SPERM SAC

CQLOACA

Fig. 260 B) — Male urinogen tal system of Scyilium.

Transmission of the sperm is produced by a large and complicated pair
of claspers. These are modified parts of the pclvic fins of the male, deve-
loped into scroll-like organs and containing a pumping mechanism and
erectile tissue; they are inserted into the female cloaca. The mechanism
of erection is operated by nerves and may involve the liberation of adren-
aline. Experimental injection cf that sukstance produces erection, and it
is perhaps significant that the male possssses a reverse of adrenaline-pro-
ducing tissue,
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The Vascular System

The heart of the dogfish develops as a specialization of the subinte-
stinal vessel between the place where it receives the veins from the liver and
the kody wal: and the gills, which are to be supplied under high pressure.
It consisis of a sinus venosus, atrium and ventricle in ‘addition to a
conus arteriosus which is provikled with valves and represents the most
anterior chamber of the heart (Fig. 261). The blood circulates through
the chambers of the heart in the following order : sinus venosus, atriurz,
ventricle, conus arterious. The conus arterious runs forwards as a median
stout tube to be anterior end of the pericardial cavity where it gives off’
the ventral aorta. The latter gives each branchial pouch a pair of afferent
branchial arteries.

DAD

L

Fig. 261 — The heart and branchial arches of dogfish AF. DR. 1 —5,

branchial clefis; cor. coronary artery; DAO, dormsal aorta; D.C. derl

carotid artery, EF. BR 1 — 9, =fferent branchial arteries; EP. BR | — 4,

epibranchial arteries; MN, mandibular artery; SP, spiracle; S. CL. sub-

clavizn artery; 5.V, sinus venosus; V, ventricle; V.AO. ventral aorta;
V.C., ventral carotid artcry.

From the gills, the blood passes by means of the efferent hranchiak
arteries which form a series of loops, one turning around the margin of each
of tke first four internal branchial clefts. A single vessel runs along the
anterior border of the fifth branchial cleft and opens into the fourth loop.
The efferent branchial vesseles are connected with opibranchial vessels
which run inwards and backwards from the loops and unite in a large
median dorsal aorta. A dorsal caretid artery is given off from the first
cffeerent branchial. Also the first efferent branchial vessel gives a hyoideann
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branch which supplies the pseudobranch and then blood is taken up by the
ventral carotid. The dorsal carotic. and the ventral carotid run forwards
to supply the head. The dorsal acrta rums backwards giving numerous
branches and is continued as the caudal artery.

The veins (Fig. 262) are very tain-walled, and the larger wunks are
remarkable for their dialated character, from which they have obtained the
name of sinuses though they are true vessels. The venous blood is brought
back from the head by a pair of anterior cardinal veins and from the
trunk by a pair of posterior cardinal vzins. At the level of the sinus
venosus, the anterior and posterior cardinals of each side urite to form

INFERIOR

1 - UGULAR VEIN
ﬂ VENTRAL
A
ORTA 4_ ANTERIOR CARDINAL
- VEIN
= HEART
f CUVIERIAN DUCT

SUBCLAVIAN VEIN
HEPATIC

PRSTERIOR CARDINAL
VEIN

LATERAL ABDOMINAL
VEIN

Fig, 262 — Scyllium: Diagrammatic ventral view of the venows gystem.
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a transverse short vew, the ductus Cuvieri which 13 continued into the
lateral extremity of the sinus venorus. Into the ductus Cuvieri, about its
middle, opens zn inferior jugular vein on either side which brings back
the blood from the floor of the mouth and about the branchial region of
the ventral surface. The two postarior cardinal veins extend backwards
throughout the length of the body cavity. In front, they are enormosuly
dialated and kehind they lie between the kidneys. Anteriorly the lateral
abdominal vein receives the corresponding subclavian vein, which brings
the blood from the pectoral fin ard adjacent points of the body wall
Posteriorly, the lateral abdeminad vein receives the corresponding iliac
vein which brings blood from the 2elvic fin and adjacent parts of the body.

There are two portal systems, the renal portal and the hepatic
portal, by which the kidneys aad liver respectively are supplied with
venows blood. The earwdal vein which runs along with the caudal artery,
divides on entering the abdomina cavity into right and left renal portal
veing and it ends in a number of efferent renal veins supplying the kidneys.

The hepatic portal vein is formed by the confluence of veins deriv-
ed from the intestine, stomach, pancreas, and spleen and run forwards to
enter the liver. The blood from the liver enters the sinus venosus by two
hepatic veins placed close together

Nervous Sygtem

The brain (Fig. 263) is divisible into fore-, mid., and hind regions and
the fore and aind brains can alse be divided into two.  There are there-
fore five sections of the brain, whose names are: telencephalen, dience-
phkalon, (also called thalamencephalon), mesencephalon, metercepha-
lon, and myelecephalon. The first two division together form the fore-
brain or prozencephalon, the la:t two form the hind hrain or rhombence
phalon. The sides of the telencephalon are greatly expanded, and
bear the olfactory bulbs, on the floor is the optic chiasma, where the
optic nerves cross over from one side to the other.

A transverse fold in the rocf, the velum transversum, {marks the
beginning of the diencephalen (or between-brain). The sides are thick-
encd and known as the optic thalami, the floor is depressed to form the
infondibulum to which the [tuitary is attached. The roof bears a
projection the epiphysis, vestge of the pineal eye.

The floor sides and roof of the mesencephalon are thickened, so that

18 cavity 1 reduced aed is-known as the aqueduct of Sylvius. The roof
forms the paired optic lobes.
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Fig. 263 — Brain of Doghsh : A] dowal view; B) ventral view; C) iateral
view, F. RHO, the fossa rhorrbowdclis {fourth ventricle): 2GP, cpiphisys;
HH, cerebellum. HS. H, hypophyis L. OF olfzctory bulb; M, mid-arain;
NH, medulla oblongata; Sv. seecus vasculsus; TRO, olfactory pedancle;
UL, lob! inferiores; VH, presencephaton; ZH. diencephalon; II. optc
nerves : II1. oculomoter; IV patnezic; 1>, glossopharyngeal; X, vagus.

The roof of the mesencephzlon is thizk and forms the cerebellum,
that of the myelencephalon is thir. To the sidzs of and behind the cerebel-
lum are the restiform bocies.

The cavity of the forebrain is caled the Zrd ventricle and that of the
hindbrain the 4th ventriclz.
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The myelencephalon, or medulla oblongata, passes back gradually
mto the spinal cord. This is a tube with thick walls and a small central
cavity, continuous of course with that of the brain.

Cranial Nerves

The peripkeral nervous system consists of nerves connected to
or arising from the central nervous system. It has cranial and spinal netves.
Cranial nerves are those which are joined to the brain. They are all
paired and emerge through foramina of the skull. Except the first four pairs
of cranial nerves, the rest arise from the medulla oblongata. There are ten
pairs of crania nerves in anamniota and twelve pairs in amniota.

The cranial nerves are numbered I to X or I to XII. Cranial nerves I
and IT are different from the others. The first is formed by non-medullated
fibres coming from the olfactory epithelium and going to the olfactory
lobes. The second is not a true nerve but a tract of medullated fibres arising
from the cells of the retina and going to the opposite side of the brain. The
I, IT and VTII are sensory ncrves.

The parts of the body that are innervated by the cranial nerves are
discussed below as represented in the dogfish.

I — Olactory nerve (olfactory organs).
IT — Optic nerve (retina of the eye).

III — Oculomotor nerve (superior rectus, inferior rectus, internal
rectus and inferior oblique muscles of the eye).

IV — Trochlear merve (superior oblique muscle of the eye).

V — Trigemiral nerve : it gives three branches : ophthalmic (snout),
maxillary (upper jaw) and mandibular (lower jaw).

VI — Abducent nerves : (external rectus muscle of the eye).

VII — Facial nerve: It gives four branches: ophthalmic (snout),
buccal (sides of head), palatine (roof of mouth) and hyomandi-
bular (hyoid arch).

VIII — Aunditery nerve : {internal ear).

X — Glossopharyngeal ncrve (first branchial arch).



— Vagus nerve : It gives a lateral line branch (lateral line sense
organs), branchial branches (hranchial arches2-5) and a visceral
arch (viscera).

The following characters are present in Seyllimm and lacking in
Petromyzon :

—

. Biting jaws.

Paired fins.

. Denticles.

. Definite stomach and pancreas

. Mixed spinal nerves [dorsal and ventral roots joined).
Vertebral column constricting the notochord.
Myotomes separated into dorsal an ventral portions.

. Mullerian and Wolffian ducts.

© 0 N D L ok W N

Seven segments included in the head.



Class OSTEICHTHYES

Bone is always present in the skeleton. Bony scales, in the form.
of flattened plates, are generally embedded in the dermis. The eggs are
very numerous, of small size, and in most cases fertilization takes place
externally.

TILAPIA NILOTICA
(Bolit)

Fig. 264 — Tilapia nilotica. Dizsected to show the general viscera.

As shown in Fig. 264, the body, as in Scyliium, consists of three regions
head trunk and tail. It is laterally compressed, and provided with over-
lapping bony scales which are of different forms in different species. They
may be ctenoid, cycloid and ganoid (Fig. 265). The mouth is termainl,
and surrounded by upper and lower jaws. The eye is devoid of any eye-
lid. There is no external indication of the ear. On each side of the head,
there is a largs operculum which covers the gills.

The opereulum is attached distally with a thin membrane known as
the branchiostegal membrane. At the margin of the operculum, there
is a large crescentic gill opening. The trunck carries a pair of leaf-like

547
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Fig. 265 — Different type of wcales in boay fishes. A] Ctenoid,
B} Cycloid, C) Ganoid.

pectoral fins lying near the operculum, and a pair of pelvic fins lying
a lLittle posterior, and more ventral. In male, the anus is followed by a
urino-genital aperture found at the tip as a small urino-geaital papilia. In
female, the genital and urinary apertures are distinct from each other.
The tail possesses a _arge caadal fir, and a ventral £in along i3 ventral
margin. The dorsal fin extends on both trunk and tail regions.

Digestive system (Fig. 264)

The mouth of Tilgpia .eads to a wide pharynx which is perforated on
each side by five elongated gill slits. These gills are fringed by teeth-like
structures, the gill rackers. The phar/nx leads to a short ossophagus -which
opens in the stomach. The stamach is composed of a narrow part which
is continuous with the intestine, aad is provided with a large closed
cagcum. There is no spiral valve in the intestine which is much coiled and
is composed of three parts; the duodenum, ileum and rectum, and there
are no sharp lines of demarkation between these parts. There is no cloaca,
and the rectum opens to the exzerior through the anus. The liver is large,
and possesses a large gall bladder. The pancreas is diffused inside the liver,
and part of it is found as patcaes of whitish tissue near the anterior end
of the mtestine. Above tic alimentary canal is a large thin-walled sac
known as the air bladder It develops as an outgrowth from ne alimentary
canal, and is attached with the alimentarv canal bv a thread of ussue



Respiratory System (Fig, 266).

There is no spiracle in Ttlapia. The gills are four pairs found on beth
sides of the pharynx. The gills of each side are contained in a large gilt
chamber which is bounded externally by the operculum. Each gill consists’
of a gill arch which is a long, curved red, and two rows of gill filaments. The
gill arch contains inside it the afferent and efferent vessels. The gill
filamen:s which are the actual respiratory elements, possess delicate walls
througk. which exchange of gasses takes place.

Fig. 266 — Respiratory organs of Tilapia, A) Inhalent, B) Exhalent.

Respiration is produced by a current passing in a single direction
namely, in a the mouth and out over the gill lamellac. The pumping action
is produced by a buccal pressure pump and opercular suction pumps
resulting from side ways movements of the operculurn, as follows :

When opercula are raised, the gill openings are closed by the branchi-~
astegal membranes and this acts like a suction pump so that oral valves
are opzned and water is drawn into mouth. When opercula are lowered,
the pressure of water in the buccal cavity and pharynx is increased, this
closes the oral valves and opens the branchiostegal membranes. Thus,
water is forced over the surface of gills and it passes out from the gill
chamber. The gill lamellac take up oxygen and give out carbon
dioxide.
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Circulatory System (Fig 2€7).

The heart consists of hree chambers only, a sinus wvenosus, an
aunricle, and a ventricle. There is no conus arteriosus. [ts place is
occupied by an enlarged po-tion of the ventral aorta known as the bulbus
arteriosus whose wall is campased of elastic fibres and unstriated muscles,
and so0 it is not conrractilz as the conus arteriousus of Scyllium. The
ventral aorta extends anteriorly in the mid-ventral line of the body selow
the pharynx. It gives off to the gills four pairs of afferent brapchial
vessels which carry to them the venous blood. Tour pairs of efferent bran-
chial vessels take away Ipom the gills the oxygenated blood. They
are collected by a circular b ooa vessel known as the cirenlus cephalicas.
It sends forwards two caro.id arterics to the head, and sends backwards
a large, median dorsal oarta supplying the different parts of the body
with oxygenated blood. Thae continuation, of the dorsal aorta in the tail
is known as the caudal artery.

CQRCULLS Pt

DORIAL AORTA
EPFERENT VESSEL AJRICLE
LUNUS YENOSUS
APFERENT VESSEL
1
r VENTRICLE
VENTRAL ADMTA sULBUS

Fig- 267 ~— Lateral view cf the heart and the branchial arteries of Tilapia.

Urinogenital System (Figc. 238).

There are two kidneys =xterding the entire length of the coelom. The
posterior part of eack kidner, contains masses of uriniferous tubules. From
each kidney arises a ureter vhich joins its fellow to form a common urinary
duct.

This duet becomes swclen giving rise to a urinary bladder and then
opens to the exterior by a wwincgenutal aperture in the male and a urinary
aperture in the female.
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The male (Fig. 268-A) has two-testes each testis leads into a genital duct.,
Th= two genital ducts unite to- form a common genital du¢t. This latter

duct unites in turn with the urinary duc: to open through a hrinogenitat
aperture.

In the female (Fig. 268 B) the excretory organs are the same as in the
male. There are two hollow bag-like ovaries, each enclosed in: arr ovisac.
The ovaries are broader than testes. Each ovisac is continued into an
oviduct. The two oviducts unite posteriorly and open by a genital aperture
between the anus and the urinary aperture.

UAINARY BLADDER
COMMON TESTIS DUCT

URINARY BLADDER

URINARY OPENING

Fig. 268 — Urinogenital system of Tilap:s, A) Male, B} Female.

Narvous System (Fig. 269,

The brain is formed of fore-, mid- and hind-brains. In the fore-brain,
the olfactory lobes are small and have no olfactory peduncles. They
are closelv applied wn f{roct of the cerebral hemispheres. Both
the olfactory lobes and cerebral hemispheres are olfactory. The dience-
phalon is small and hidden dorsally by the mid-brain, but the pincal
body projectes in front because it has a stalk. On the ventral side
the diencephalon has an infundibulum to which the pituitary gland
is attached below. The infundibutum forms a pair of large lobi inferiores
and a median saccus vasculosus. This latter has a chin highly vascular



NFUND BUALUM PATUITARY

Fig. 26" Brain of Tilapia ‘lateral view)

wall and its function is not certain. It may be for secreting the cerebral
fluid or for detecting the pressure of this fluid in the central ne-vous system.

The mid-brain is the largest part forming two large optic lobes. The
cerebellum is large and bent upon iself. Its anterior part forms a valvala
cerebelli which extends under the optic lobes. It is characteristic of bony
fishes and controls active movemen:s. The medulla oblongata is well deve-
loped with special lobes for enterv of lateral line nerves. The cranial nerves
are like those of dogfish.



IV .- Class AMPHIRBIA

Auaphibia are veretbrawes in which the visceral arches of the larva
almos: always bear gills. which may be retzined throughout life, through
the adults normally possess functional lungs. When limbs are present,
they have distinet digits. The unpaired fins (requently present both
in larsae and adults, are without tin ravs. Ia existing forms there is rarely
any exoskeletion, but some extinct forms had an armour of bony plates.
The skull has :wo occipital condvles. The heart is three-chambered, with
twa auricles and a ventricle and a conus arteriosus. The gut ends
in 2 cloaca intn which the ducts from kidneys and reproductive organs also
open. The ova are small, numerous, usually pigmented, and with yolk
towards one pole. They are almost always laid in water; there is usually
metamorphosis in development.

Classification
Class Amrhibia is divided into four ozders :

I — Order Anmra (taillnes Amphibia). The body is short and
bread, the hind limbs are much longer than the fore limbs, the tail is lost
in the adult, the gills are also lost in the acult. c.g., Frogs and Toads.

II — Order Urodela /tailled Amphibia’. The body is elongated, the
limbs are nearly equal in size, the tail is retained in the adult, some retain
the gills throughout life, e.g., Salamanders and Newts.

II1 — Order Apoda (Gymnophiona}. They are worm-like, there are
no limbs or limb girdles, in some small scales are found in skin, the eyes
are rudimentary, e.g., Coccilians.

I/ — Stegocephalia (Labyrinthodoats). They are fossil Amphibia
which were living m the past, some of them were of great size, the body
was sually covered with scales and bony plates.

The most successful amphibians in Egypt are those belonging to the

genus Bufo. There are different species related to this genus, the most
common of which is Bufo regularis.

153
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BUFD REGULARIS
(The Egyptian Toad)

External features

The body is short and broad and is composed of flat head and a
plump trunk. There s no neck. The larval tafl and boch external and
internal gills are lost during metamorphosis. The limbs are adapted for
walking. Fore limbs are stort and had limbs are long. The hind limbs
appear to have four sections instead of the usual three, beacause of the
extraordinary elongation of the ankle. The digits do not possess claws and
there are four fingers and five toes. The latter are united together by a web.
There is a large mouth and ther: are t..o noserils opening on the dorsal
surface of the spout. Tl eyes are large and orovide with an mmmovable
upper c¢ye lid 2nd a lo er movasle ey2 lud corresponding to the necutating
membrane of higher animals. Un eaza side of the head, sehind the eye,
there is an ear drum covering the muddle ear but the ear drum remains
flush with the surface. Thee is a pawr > large glandular swellings (parotid
glands; on the head behind the eyes and they apply in fact only to some
membres of the family Bufonidae. At tae posterior end of the body there
is the cloacal aperture. Above the cloical aperture lies a distinct promin-
ence produced by the urostyle on each side of which there is a lymph
heart.

Integument

The skin (Fig. 270) i loose, being attacheu o the muscles only
at certain places by connective ussue septa which makes the boundaries

OO0 VESSEL

TTRATUM SPONGKOSUR

VEATICAL STRAMSG STRATUr COMPACTLM +ECRETORY GRAN ‘LEY

Fig. 270 — Vertcal secus1 of skin of Bulo regularis.
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of the subcutaneous lymph spaces. It = moist and the only organ of respi-
ration during hibernation. On the other hand the skin also shows
a character typical of land animals in having Leavily cornified outer layers,

The skin consist of two main layers, the epidermis and dermis. The
epid:rmis consists of several layers of epidermal cells, the outermost are
thin, flattened and keratinized, ie. converted into a dead, hard horny
material protecting against dryness and excessive loss of moisture and is
termed stratum corneum. This stratum corneam is cast off and is
replaced continuously by proliferation Zorm below. Such a process of
ecdysis is under the control of the pituitzry and the thyroid gland. Local
thizkenings of the epidermis often occur and is a conspicuous feature
of the warty skin of the toad.

Beneath the straturn corneum the cells gradually change from a flat-
rened to a rounded and finally to a columnar shape. these layers constitute
the stratum mucosum. However, the lowzrmost or basal layer of the
stratum mucosum consisting of tall columnar cells, is the active portion
of the epidermis and is known as the Malpighian layer. It continuosusly
proliferates cells which are pushed ouzward, become flat and horny, and
finally form part of the startum cornsumn.

Below the epidermis is a thin basement membrane. The dermis
consists of fibrous connective tissue and is made of two layers, an upper locse
stratum spongiosum and a lower, dense and compact stratam
compactum.

The glands of the skin are of two types, mucous and peison glands.
Bo:h of these consists of little sacs of gland-cells, derived from the epidermis.
The mucus serves to keep the skin motst, this being essential if the skin is,
to respire. The secretion may perhaps also serve for temperature regulation.

The poison glands are more developed in Bufo than in Rana. They
produce a mild but unpleasant poison which is protective.

Colours of Amphihia

The use of colour is highly developed in Amphibia. The colour
is produced by three types of pigment cells. melanophores lying deepest,
guanophores full of granules, which by diffraction produce a blue green
colour, and yellow lipophores overlying these and filtering out the blue.
Change of colour is produced by expansion of the pigment in melanophores.
Movements in the other chromatophores can also affect the colour. The
ability of the skin for changing colour to blend with the environment is
well developed, through the colour change is very slow. The chromatoph-
ores are not directly influenced by the nervous system but are under the
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control of the pituitary gland. In dark mois: environment, toads become
dark, while in lighted, dry environment they become yellow

THE SKEELETAL SYSTEM

A) Axial Skeleton
a) The skall (Fig. 271 and 272).
The skull is divided into :

(4) cranium.
{6) sense capsules.
{e) jaws.

{dj hyoid apparatus.

The cranium is an elongat= box which occupies the ins'de of the skull
and in which the brain is lodeged and protected two exoccipitals occupy
a postero-ventral postion. They are appraximated to each other but a
very narrow strip of cartilage is left between them dorsally. They embrace
between them a large, more or le s circular opening called the foramen
magnum for the passage of the spinal cord from the brain. Each exocci-
pital bears a conspicuous promonence called the occipital comdyle The
two condyles serve to articulate the skull with vertebral column behind. In

Fig, 271 — Dorml view of the skull of Bufo regularis.
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’
FORAMINA FOR CRAMIAL NERVT

OCCIMTAL CONLTLES

Fig. 272 — Ventral view of the skull of Bufo regularis.

the ventral surface of the exoccipitals, there is one foramen for the pauage
of the vagus and glossopharyngeal nerves.

The roof of the cranium is formed of two large bones, he fronto-
parietals, which are separated from each other by a median suture. In
the floor of the cranium, lies a bone known as paraspbenoid. This bone
is daggarshaped. The median longitudianl arm is pointed anteriorly,
the transverse limbs are also pointed at their distal extremities. In the
anter’or region of the cranium, there is the sphenethmoid. nternally,
the sphenethmoid is divid:d by a trarsverse vertical partition which sep-
arates the cranium from the olfactory capsulesin front. This partition is
serforated bv two foramina for the passage of the olfactory nerves.

The sensa capsules arc the olfactory and anditery capsules and
the orbits.

The olfactory capsules lie in the sphenethmoid and are provided
dorsally by two bones known as the nasals. The nasals are large and meet
the bones of the upper jaw. Anterior to them, there is a cartilaginous area:
in which the external nares lic. In the ventral surface of the olfactory
capsules, there are two small triangular bones known as the vomer
which, unlike the nasals, do not meet but are widley separated.
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In relation to the wall of the auditery capsale is a bonc known as
the prootic. The bone extends downwarsls and forwards to form part of
the postero-median corner of the orbit. Tke prootic meets the exoccipital,
and where these bones meet togzther thers is a moderate depression into
which the ear ossicle {cclumella auris) i rzceived. The prootic bone s
partly overlapped by a hammer-shaped bone known as the squamosal.

The orbit i3 surrounded medially by the bones of the cranium and
laterally by the upper jaw.

The aupper jaw is composed of a number of paired bones; which are
attached to the sense capsules and form the outer borders of the skull.
These are :

1. The palatines which are two thin plates extending from kthe sphen-
ethmoid outwards; they are viewed from the ventral surface and form the
anterior boundaires of the orbits.

2. The pterygoids are a pair of Y-shap=d bones with the Zork directed
backwards and seen from the ventral sice. The inner branch of the fork
meets the transverse limb of thz paraspheroid. while the ouwr underlics
the squamosal. As the pterygaid and the squamosal meet cach other at
the posterior corner of the moath, therc lies a smali cartilaginous piece
known as 3. the gunadrate, and by means of this system the upper jaw
articulates with the lowzr jaw. .

4. The quadratojugal is a chort thin Jone which meets the guadrate
behind and the 5. maxilla in front. The maxilla is a large and slender
bone lying along the outer border of thz upper jaw. [t exteads forwards
and meets the palatine 2nd the 6. premaxilla in front. The premaxilla
is 2 small hone which has a conzpicuous backwardly directed process. The
maxilla and premaxilla are concave on rhe ventral surface to receive the
lower jaw.

The lower jaw is a simple curved beas consisting of two halves. Each
half is form d of a small anterior mentcwreckelian bone and two bigzer
ones : the angulo-splenial bon= lying on the median side and the dentary
on the outer side. The lower jaw, lik - the apper, does not carry teeth.

The hyoid apparatus (Fig. 273) is : framework mostly built of carti-
lage and lying in the floor of the mwuth cavity. It consists of a
flattened body bearing two pairs of small drocesses, anterior and posrteior,
and two pairs of large cornua : the anterior cornua are long and curved
to reach the auditory capsules. The potsterior cornua are short and
are the only ossified pieces of the apparatuc. They rest on the ventro-lateral
surface of the laryngotracheal cavity.
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Fig. 273 — The hyoid apparatus of Bufo

ii) The Vertebral Column*

The vertebral column is composed of aine joined vertebrae succeeded
by a long rod known as the mrostyle. All the vertebrae are nearly alike
2xcept the first and last, which are modified, the first to articulate with the
skull, and the last to articulate with the urostyle and pelvic girdle,

On the ventral side of each ordinary vertebra, there is a thick piece
krown as the centrum by means of which the vertebra articulates with the
one in front and the other behind. The anterior surface of the centrum is
concave, while the posterior is convex so that the convexity of one vertebra
fits in the concavity of the one next behind. Such centrum is known as
procoelons. Arching upon ths centrum, there is a plate of bone known
as the neural arch which bears on the dorsal surface a minute process called
ths neural spine. The neural arch smbraces a space known as the
neural foramen in which the spinal cord is lodged. The neural foramena
thus. produced by the nine vertebrae constitutz the vertebral canal. At
the anterior and posterior borders of the neural arch on each side there
is a slight depression called the intervertebral notch, thus, the inter-
vertebral notches on the borders of the neural arches in every two succes-
sive vertebrac constitute together an intervertebral foramen for the
passage of a spinal nerve.

Arising from each side of the neural arch there is a transverse
process. The neural arches of the adjacent ver:ebrae articulate with cach
other by certain facets known a3 zygapephyses. These are two pairs, a
pair lying anteriorly and facirg upwards and medianly known as the
prezygapophyses, and a pair lying pasteriorly facing downwards and

« For illustrations, see practieal notc-boobe,
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laterally known as the postzygapophyses. thus, the postzygapophyses of
one vertebra will overlap the prezygapophyses of the vertebra behind.

The first vertebra lacks a transverse process and there are two concave
facets on the anterior surface of tae centrum known as the condylar facets
which articulate with the occipital condyles of the skulil.

The last vertebra or the sacral vertebra possesses fanshaped trans-
verse processes. The posterior wall of the centrum is doubly convex. The
sacral vertebra articulazes with the pelvic girdle by its transverse processes.

The urostyle is a long bone and is supposed to be formed of a number
of vertebrae fused together. Its anterior wall bears two concavities, which
receive the two convexities of the sacral vertebra. It is pierced through
the anterior third by a longitudinal fins canal in which is situated
the termninal part of spinal cord. On either side of the urostyle posteriorly
there is a small foramen for the passage of the 10th spinal nerve.
The urostyle bears at its tapering posterior =nd a small cartilaginous piece.

B) Appendicular Skeleton*

i) Pectoral girdle and Fare-limbs

The pectoral girdle s composed of an incomplete ring of bones.
These are : In the middle line the two epicoracoids overlapping cach
other, the right lies ventral to the left, and each is broader posteriorly and
articulates on the side with the coracoid. Anteriorly the epicoracoid arti-
culates with the clavicle. The clavicle runs latero-posteriorly and thus
they encolse a space between them known as the coracoid foramen.
Laterally the clavicle and the coracoid meet a strong bone known as the
scapula., Where these three bores meet together is a cup-shaped depression
known as the glenoid cavity which receives the head of the humerus.
On the dorsal surface of the girdle and articulating with the scapula, there
is a broad plate known as the saprascapula.

Closely associated with the pectoral girdle, is the stermum and it is
preferred to deal with it in connection with the girdle. The sternum
consists of two pieces : 1. xiphisternum articulating with the epicoracoid
in front, and 2. the xiphoid cartilage which is 2 more or less circular
cartilaginous piece articulating with the xiphisternum behind.

The epicoracoids, xiphisternum, xipheid cartilage and most of the
suprascapular are cartilaginous and not osseous.

* For illustrations, rexise practicz]l note-pooks.
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The fore-lim% i3 composed of the following bones :

|. Hameras is the bone of the upper arra and consists of a shaft bear-
ing a 2zad at the anterior extermity and a trochlea at the posrteior
extrernity. Along the inner side of t1e shaft there is 2 conspicuous deltoid
ridge.

2. Radio-ulna is the bone of the fore-arm. It is 2 compound bone
made of a radius and an ulra fused together; the inner being the radius
which is alse a little shorter, the outer being the ulna and is prolonged into
a consp.cuous olecranon process or elbow-bone. The radio-ulna articu-
lates proximally with the trochlea of the humerus.

3. The bones of the hand are :

(@) Carpals; these are six small pieces arrarged mn two rows.

‘b) Metacarpals; these are four elongate pieces, articulating distally
with the dizits.

{c) Dizits; these are four, the first being lacking. Each of the second and
the third is made up of two phalanges; the fourth and fifth of three.

Thus, the number of phalanges can be represented by a digital for-
mala; 2:2:3:3.

ii) Pelvic Girdle and Hind-limhs

The pelvic girdle articulates with the sacral vertebra on the trans-
verse processes. [t is composed of two long cylindrical bones, each called
iliwum. The ilium meets a wedze-shaped dorsal piece called ischinm
Between the pcstero-ventral part of the ilinm and the ischium, there is a
calcified cartilaginous piece called the pubis. As the three components
meet, they take part in the formation of a cup-shaped depression called
the acetabulum on either side o7 the girdle for the reception of the head
of the femar.

The hind limb is composed of the following bones : —

I. Femur is the bone of the thigh. It is long, slightly curved and with
two swollen ends; the proximal forming the head while the distal forming
the condyles which articulate wizh the bone of the shank.

2. Tibio-fihala is, like the radio-ulna, a compound bone formed of
a tibia and a fibala completely fused with each other. Itis flattened and
along its middle there is a groove indica-ing its compound nature.

3. The bones of the foot are:

{a) Tareals consisting of two rows; one is formed of two long pieces called
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the astragalus and the calcaneum, the former articulates proximally
with the tibial end, and the latter with the fibular end of the tibio-
fibula. The second row conssts of two very small pieces.

() Metatarsals are six in number, one of which is very mirute and cor-
responds to a sixch toe called the prehallux or calcar. The rest are
elongate.

{r) Dvgits are built up of a number of phalanges. The dig_tal formula
is2:2:3:4:3,

THE PENTADACTYLE LIMB
(Figs. 273 A and B)

The wansition from water to the land during the phylogenetic history
of vertebrates has resulted in great modifications in the kony skeleton,
already possessed by fsh-like ancestors, and in the appearance of an
entirely different type of limb and limb skeleton. It is perfectly clear that
the fin form of limb would scazcely fulfil the needs of a terrestrial animal,
and so limbs of a very different pattern havz been aquired by such creatures.
The terrestrial animals, then, are provided with two pairs of limbs {from
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Fig. 273 A} — Diagram ot pectoral girdle and fore bmb of a Tetraped,
I. scapula, 2. gleno.d cavity, 3. humerous, 4. ulma, 3. nntermedivm. 6.
ulmare, 7. two centralia, 8. five distalia, 9. phalanges, 10. five metaca-pats,
11. radiale, 12. madius, 13. caracoid, 14. procoracoid. 15. clavicle
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which the name TETRAPOLA is derived), all having a skeleton based
upon a common schematic plan which is called the typical or, better
the generalised PENTADACTYLE LIMB SKELETON, since the limb-
terminates in FIVE digits or fingers. Few existing animals have exactly
this type of .imb skeleton, and the special interest in the three animal types
Lnder consideration is to sec how far the limb skeleton complies with, or
Cepart from, this condition in accordance with the part of the limbs play
in the life of the animal.

Externally, both fore and hind limbs are divided into regions
movable on one ancther, the fore limb into upper arm, fore arm, wrist,
and, hand, and the hind limb into thigh, shank, ankle, and foor. Taking
the fore limb first, the skeleton of the upper arm consists of a single long
bone, the humerus, and that of the fore arm of two. the radius and ulna-
In the wrist or carpus, however, nine small bones, the carpal bones are
present, arranged in three rows. In the proximal row there are
three bones, the radiale {in relation with the radius), the intermedium in
the middle, and the ulnare (in relation with the ulna}. The middle row
consists of a single centrale t{some authorities state that there were two
bones here, but it is commonzr to consider that there is one only). The
distal row is made up of five cones, carpale one to five. In the hand (or

I
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Fig. 273 B) — Diagram of pelvic gircle and hind limb of 2 Tetrapod.

L ilium, 2. acetabulum, 3.femur, 4. fibula, 5. intermedium, 6. fibulare,

7. phalanges. 8. five metatarsals, 9. five distalia, 10. tibiale, !l1. tibia,
12. ischium, 13. publis, 4. two centralia.
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manus), two series of bone ace found, first a series of five metacarpals (lying
in the palm of the hand an¢ all enclosed by skin and muscle) followed by
a series of phalanges arrang=d in lincar rows and forming the skeleton of
separate digits or fingers Tae number of phalanges varies in the digits,
the first or pollex having two and the others three each.

In the second Jimb the bones have precisely the same arrangement but
are differenth named. The thigh bone is the femur, the tibia and fibula
lie in the shank. In the ankle, the tibiale, intermedium, and fibulare form
a proximal :om. crntrale the middle, and tarsale one to five the distal row
of tarsals. The bones o the foot or pes are termsd metatarsals
and phalanges respectively, and the first digit is called the hallux.

In both instances, the side of the limb which bears the first d'git (that
with two phalanges) is spoker: of as the preaxial side or border and the other
as the post-axial. These terms refer to the original or primitive relation-
ships of the limb to the body in which the axis of the limbs was the right
angles to that of the body, so that one margin of the limb was in front of,
and the other behind, its ax.s so far as the orientation of the animal as a
whole was concerned. These relationships become important when con-
sidering the ways in which HEmbs are modified.

THE CIRCULATORY SYSTEM

The Heart (Fig. 274).

The heart lies in a pericardial cavity and is enclosed m two
membranes, an outer percardium and an inner pericardiunm, between
the two membranes is a serous or pericardial fluid. The heart is com-
posed of two auricles, one right and one left, the former is larger than
the latter and both are scpa-ated by an interavricular septum of con-
nective tissue and endothelium. A thin walled sinus vemosus opens into
the right auricle by an aperture guarded by two sino-auricular valves.
A pulmonary vein cpens into left auricle, but the opening has no valves.
The auricles opens inio a single ventricle by an auriculo-ventricular
aperture bounded by two pzirs of auriculo-ventricular valves, two of
these valves have fibrous chordae tendinae which join the valies to the
wall of the ventricle. Thus. they prevent a reftux of blood wnto the auricles.
The ventricle has 2 thick muscular wall having ndges or columnae
carneae with deep Dockets between them which to some 2xtent prevent
mixing of the blood from the two auricles. From the upper side of the
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Fig. 274 — Heart of the Egvptian Toad, Bulfo regularis, dissected.

ventricles arises a truncus arteriosus, its opening has three semilunar
valves which prevent blood going back mto the ventricle. The truncus
arteriosus is formed from a basal comus arteriosus Joining a much
shortened ventral aorta. In the truncus arteriosus are two sets of semilu-
nar valves, one set of three semilunar valves at the base and is already
mentioned, and the other set at the junction of conus artericsus and
ventral aorta. One of thess valves has been modified to form a large
spiral valve, This valve incompletely divides the conus arteriosus into
two passages : A cavum pulmo-cutanenm and a cavam azorticum.
As shown in Fig. 276, the trumcus arteriosus, then, divides into
two halves each half having a caretid arch, a systemic arch and a pulk
meocutaneous arch.
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The venous blood returns to the neart by the proper venous system
and the portal system (Fiz. 275). The main veins of the proper venous
system are the external jmguiar, innominate and sabelzvian.

The main veins of the portal system are the renal portal, hepatic
portal and anterior abdeminal.
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Fig. 275 — Verous sy tem of the Egyptan Toad, Bufe regulasis,

.Gin:nlntion

In the toad, tle lunge are not the only organs of respiration, but
oxygenation of blood also .akes place in the skin and mucous membranes
of the buccal cavity. Oxyzenated blocd from the lungs comes to the left
auricle, Blood coming through the musculo-cutaneous veins is mixed blood,
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because blood from the skin is oxygenated and that from the muscles &
deaxygenated. Blood returmneng from the buccal cavity is oxygenated.
The blood together with inixed blood of musculo-cutaneous veins enters
the sinus venosus (Fig. 275) ard goes to the right auricle. The blood from
the two auricles passes to the ventricle and is forced into the truncus arteri-
osus where all the blood is mized but is almost all oxygenated. The blpé{i
passes first into the pulmonary arches (Fig. 276) because their opening
lies in the cavum pulmo-cwtaneum. The remaining blood goes to
the systemic and carotid arches. The spiral valve takes no part in turnicg
the blood, it only supports the conus arteriosus. The carotid lzbyringth
do=s not raise the pressure of the bloed but is sensory and detects pressure

changes of oxygen in the kEloecd. However, this circulation of blood is not
accepted today.
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Fig, 276 — Arterial syrtem of the Egyptian Tead, Bufp regulacis



The Blood of Amphibia

The red blood corpuscles of Amphibra are much larger than those of
mammals and are nucleated. The red cells are formed mazinly in

the kidney, and are destroyed, after a life of about 100 days, by th= spleen
and liver.

The haemoglobin of toad has a lower affinity for oxygen than that of
mammals even when both are considered at the same temperat ire, and in
this respect i3 notably less efficient. Also, although the power of blood to
combine with carbon dioxide is great, there is a less delicate regulation of
the reaction of the blood than in mammals.

The white cells of Amphibia are three types, lysnphocytes with a large
nucleus and small cytoplasm, meonecytes, which are larger phagocytic
macrophages, and pelymorphonuclear granulocytes. Thesz lust may
be meutro-, eosiro-, or basiphilic and are migratory and phagocvtic.
The blood of the toad also contains numerous small platelets (thzrombo-
cytes) which probably break down when in contact with foreign surfaces
to produce the thrombin that comb:nes the fibrinogen of the blood
plasma to produce clotting.

Respiration (Figs. 277 A and B).

The lungs of the frog are paired sacs, opening to a short laryngeal
charaber, which communicates wita the pharynx by a mediar. aperture,
the glottis. The glottis and laryngeal chember are supported by
the arytenoid and cricoid cartilages. The arytenoids guard the cpening
of the glottis and are moved by special muscles. During breathing the
mouth is kept tightly closed, the lips being so arranged as to mzke an air-
tight junction {Fig. 277 B). Air is sucked in through the nostr:s by low-
ering the floor of the mouth by means of the hypoglossal musculature, and
can then, either be breathed out again or forced into the lung by raising
the floor. The external nares are closed by a special pad on the anterior
angle of the lower jaw, supported by the mento-Meckelian benes. This
pad is thrust upwards and pushes the premaxillaries apart, so a.tering the
position of the nasal cartilage so that the nostrils are closed. This s a special
mechanism, found only among anurans. In urodeles the nostrils are
closed by valves provided with smooth muscles. Such valves are present
in the toad but are said to be functionless.

The movements of the floor of the pharynx . rig. 277 B) are not
continuosuly of the same amplitude. After a period of relatively slight
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Fig. 277 — Respirntory movements of the Toad. A) Diagram representing
the passage of air into the buccal cavity. B) Diagram showing how air &
farced into lures.

movements, the nostrils are kept closed while the throat is lowered. Air
:s thus, drawn from the lungs and th2n again returned to them, once or
wwice, before the nostrils are reopend. The whole procedure presumably
2nsures the maximum gaseous interchange for the minimum water-loss.

The skin is very vasculas, and especially so in the buceal cavity. It
plays a large part in respiration, actually serving to remove more carbon
dioxide than do the lungs.

Digestive System (Fig. 278)

The mouth is terminal and ‘wide. In the floor of the buccopharyngeal
czvity, a protrusible tongue is present which is attached from its anterior
end within the margin of the lower jaws an its end is directed backwards
tcwards the pharynx. At the anterior end of the buccal cavity, are two
internal nares. The lining amithilium of the buccopharyngeal cavity i
richly ciliated and contains numerous mucous glands.

The pharynx is imperfectly delimited from the buccal cavity, but
ooening into it are the two wide laterally placed apertures of the Eusta-
chian tubes, which lead to the tympanic cavity of the middle ear. In its
floor the glottis opens into the laryngeal chamber. Dorsal to the glottis
is the gullet which leads to the oesophagus. This latter is a short tube
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Fig. 278 — Digestive system of the Toad.

and its inner lining is folded longitudinally to allow the expansion duriug
the passage of food along it to the stomach. The stomach lies in the left
side of the body cavity. [ts opening into the small intestine kngwn as
pylorus is marked externally by a constriction. The small intesune is
comnposed of the dunodenum and ileum. The duodenum extencs ante-
riorly from the pylorus making with the s:omach a U-shaped loop. The
ilenm is made of several coils and leads to the large intestine or rectum,
which opens in the cloaca.

Connected with the alimentary canal are the liver and the pancreas.
The liver is a large organ consisting of :wo lobes united -:zgether by
a trangverse isthmus. The left lobe is larger :han the right and is rotched
posteriorly. Between the two lobes lies the gall bladder from which arises
the duct, which also receives supplementarv ducts from the lLiver



57t

On its way backwards to thz duoderum, the bile duct passes through
the substance of the pancreas, the ducts of which open into it. The
terminal portion of the duct which opens into the duodenum is therefore
a hepatopancreatic duct. It zonveys the products of both the liver and
pancreas to the intestine. The oancreas lies in the mesentery between the
stcmach and duodenum.

The spleex is a dark red spherical body attached to the mesentery
between the ileum and the rectum.

Urinogenital System (Figs. 279 and 280}.

The kidneys are two elongated bodies and show some evidence of
their segmental nature. They .ie dorsal to the coelom in a lymph sinus.
Thev are haemopoietic organs forming most of the red blood corpuscles.
On he ventral surface of each kidney, there is the yellow adrenal gland.
From each kidney arises a mesonephric or Welffian duct which passes
back to open into the cloaca. In the male toad the mesenephric duet dila~
tes posterior to the kidney to form a vesicula seminalis in which sperms
are stored. Thus the mesonephric duct s a urinogenital duet, but is

FAT DODY

ADRENAL GLAMD

VAS EFPE et
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Fig. 279 — Urinogemial system of male Tead.
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Fig. 280 — Unnogerital svstem of female Toad.

commonly called a ureter. From the Hoor of the cloaca arises a bilobed,
thin-walled cleacal urinary bladder, A vellow oval testis lies near each
kidney being suspended by mesorchinm. In front of cach ests there
are the fat bodies. They are reserves of nourishment and become much
smaller just before the breeding season. From each testis several thin
vasa efferentia pass through the mesorchium and join the uriniferous
tubules in the anterior part of the kidney

In the female there are two ovaries which become very large during
the breeding season. Each ovary is saccular and its cavity is duwvided into
compartments by septa. It is suspended by 2 mesovarium. Cn each
side of the ovary is an oviduct or Mullarian dact. [t starts nzar tae base
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of the lung by a thinwalled ciliazed coelomic funnel then becomes coiled,
thick-walled and glandular. Pasteriorly each of the two oviducts forms a
thin-walled dialated ovisae. They open by a common narrow aperture in
the cloaca. Oviducts become much enlarged and coiled just before the
breeding season.

Nervous System (Figs. 281 and 282).

The fore brain is large. T2e olfactcry lobes are the anterior prolo-
nzation of the prosencephalon and arc fused together in the median
plane. The' cerebral hemispheres are fully evaginated and the two
hzmispheres are separated by a longitudinal fissure. Each cerebral hemis-
phere has a large lateral ventricle which extends into the olfactory labe.
The diencephalon is short but optic fibres end in it. It has a vestigial
pineal body. TIhe anterior choroid plexus is thick and lies in front of the
pineal body. Diencephalon has the third ventricle.  Attached to
the infundibulum is a well developed pituitary gland..

The mid brain forms two large optic lobes, each having an
ootic ventricle. Efferent fibres fiom rthe mid brain pass to the medulla and
pzrhaps to the spinal cord. hence the mid brain has more connections than
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Fig. 28] — Dcrsal vew of the “rtin of the Toad.
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anv other part of the bran,

The hind brain 15 formed of the cerebellum and medulla oblon-
gata. The cerebellum is very small because the toad 1s relaively inactive
animal moving only in a singie plane. The medulla oblongatz is short
and has a fourth ventricle below the posterior choroid plexus.

The cranial nerves arse from :he brain and therz are ten
pairs of them in the toad.

The spinal cord is short and arises from it ten pairs of spinal nerves.
Each one arises by a dorsal root and a ventral root which unite together
after emerging from the vertebral column  The dorsal root carries a spinal

ganglion.

Sympathetic System

It consists of two sympathetic nerves running from the head to the
end of the sacral region one on each side of the vertebral column. Each
sympathetic nerve bears several ganglia which are connectzd to spinal
nerves.



Class REPTILIA

Reptiles are ectothermal ter-estrial or aquatic tetrapods. Generally,
they have an exoskeleton of dry epidermal scales, below which, in
some, there are also bony dermal plates. The lungs are the only res-
piratary organs with the excepion of some aquatic Chelonia in which
the cloaca is respiratory. The ventricle is divided either incompletely or
completely and there is no conus arteriosus. The nitrogenous excretory
mattzr is largely uric acid. Thsre are twelve pairs of cranial nerves.
The lower jaw consists of severzl bones and there is a single ear ossicle.

Eeptiles are the first true terrestrial vertebrates, because along with
birds and mammals they have evolved an ezg which is 1aid and developed
on land. Even aquatic pretiles come on land to lay eggs. Thus, there is
avoiZed the necessity of any adeptation for water existence in the young.
This egg type is the familiar one preserved in the reptiles. The shell offers
protection and a large yolk furnishes an abundant food supply so that the
reptilian young {unlike the tadople) can hatch out, at a fairly good size,
as a miniature replica of the adzlt and thus avoids the necessity of prema-
turicy foraging of its food. Mot of the reptiles disappeared, few of them
have persisted to the present day with little change, others evolved further
ard gave rise to modern living reptiles which are mainly consisting
of lizards, snakes, turtles ar.d crocodiles.

SCINCU'S
{The Lizard)

External features (Fig. 283).

The reptilian body is divided into a head, neck trunk and tail. The
body, limbs and also the hezd are covered with scales formed from the
epidermis and called corneoscutes. Ox the head, the arrangement of
the scales do not correspond with that of the underlying bones. Underly-
ing the corneoscutes of the head there are ossifications of the dermis form-
ing osteoscutes which fuse with the underlying bones of the skull. On
the last phalanges of the fingers and toes, the scales form horny claws.
Tke eyes have three eyelids. Behind the sve is the ear drum or tympanic
membrane. The nostrils are on either side of the smout. There
18 = cloaca and the male has a parr of protrusible copulatory organs.

TTs
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Fig. 283 — Lateral vimv of the lizard, Scincus 1. nostril. 2. head shislds
3. eye. 4. hearl. 5. ear opening. 6. truns, 7. scales, 8 tail, 9, hind | mh,
10, toe. 11, claw, 1. fere limb, 13 finoer. 14 mxoth.

Alimentary Canal (Fig. 284).

The upper and lower _aws, orming the boundary of the mouth, are
each provided with a single row cf small conical teeth, and there is a patch
of similar tools (palatine teeth) on the palatine. On the floor of
the mouth-cavity is the torgue vwhich is a rarrow elongated fleshy organ,
bifid in front.

The stomach is a cylirdrical organ but little wider than the oesopha-
gus, and with thick muscular walk. At the point where the small intestine
joins the large intesiine or rectum, the latter is produced imto a
short caccum. The liver & divided into right and left lobes, and a gall-
bladder lies at the lower margin of the right lcbe. The pancreas is situated
in the loop between the stomach and first part of the small mtestine or
ducdenum. The stomach & 2ttached to the body-wall by a feld of perito-
neum, the mesogaster, the small intestine by a fold termed ths nzegen-
tery, the rectum by 2 mesprectmm. From the dorsal surface of the liver
to the stomach extends a thin fc'd, the gastro-hepatic ementor, and
this is continued backwards as the duodeno-hepatic omentum, connect-
ing the liver with the first portian of the smzll intestine.

The Circulatory System

The Heart : The heart (Fig 285) is enclosed in a thin transparent
pericardium. It is threechamber=d in reptil=s except crocodilizos where
it is four-chambered, Lven this three-chambered heart shows zr. advance
over that of amphibiars. A sizns verssuz i present but is gr=atly redu-
ced due to its incorporatior i the wall of the right auricle. The sinean-
ricular aperture has no valves but is guarded by folds of the auricular
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Fig. 284 —- Genersl viscera of Lacerta @ BL. urinory bladder; CL., post-
caval vein; ED, rectum; GB. zall bladder; H. heart; 1. Liver: LG.
lungs; P, pancreas; TR. wachesn,

wall. An intersuricmlzr septams separates a smaller left auricle from
a largsr right auricle. A single pulmonary vein opens into the left auricle,
its opeuing has no vakve, The two auricles open into a single ventricle
by two openings having an awricunie-ventricular valve. The ventricle
has an incomplete interventricular septum extending obliquely from the
apex toward the centre, it divides the ventricle into a right cavem
ventrale and left cavemn dorsede, the latter is further subdivided into a
left cavom arteriosum and z right cavuem vemosume. The coous
arteriosus does not exist as such, but it has divided along with the ventral
aorta wnto threc trunks, each having a single valve at the base; the trunks
are a pulmonary aorta arisitg from the cavum ventrale, a right
systemic arch arising from the left cavum arteriosum. and a lefr
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Fig. 285 — Hear: of Lacerta dissected.

systemie arch arising from the right cavum venosum. The right and lef
systemic arches cross over to the opposite sides after leaving the hzart. A
small foramen of Panizzae conn:zcts the cavities of the two syst=mic arches
where they cross each otrer. Tie coronary circulation has small coron-
ary arteries arising from a branch of the right system ¢ arch, they take
blood to the walls of the heart, a corenary sinus retur s blood from the
heart to the right auricle.

Circulation

Reptiles are the first vertebrazes to become completely terres-rial and
lungs are the only respiratory organs for which an efficient pulmonary
circulation is necessary. Venous bleod comes into the right zurile from
the sinus venosus and oxygenatec blood from lungs enters th2 left auricle.
A sinuauricular necde starts the heart beats, the muscles of the au-icle and
ventricle being contintous, the contraciion of auricles travels to the
ventricle, The blood coming :0 the venwicle in two blood s-reams from
the auricle is kept separate by thz incomplete interventricular septum,
this separation is much more cfficient than in amphibians. On contraction
of the ventricle, the deoxygena:ed blood from the right auric.e passes from
the cavum ventrale into the pulmonary aorta and then, to the lungs. the
mixed blood from the cavum venosum goes to the left sveiemic, and
oxygenated blood: from :he left auricle cormes to the cavum ar-erios um from
where it goes into the right syszemic arch from which both caroud arterie
arise and take the blood to the head. Some mixing of blood takes place in
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the svstemic arches at the foramen of Panizzae and again where the
twp systemic unite to form the dorsal aorta.

Classification

Subclass A. Anapside are :he earliest primitive reptiles which arose
in tae Carboniferous age. The temporal region of the skull is not
perforated.

Order Cheloniz : In the members of this order, there is a short broad
trunk which is enclosed in sh-elds consisting of a dorsal carapace and
ventral plastorn. The carapace and plastorn are made of outer epidermal
scales and inner bony dermal plates. Jaws are strong and have no teeth
but encased in bony sheaths. The humerus is turned forwards instead of
bzckwards. I[n aquatic forms t1e limbs are modified into paddles. There
is single penis and a longitudinal cloaca. They are oviparous. This order
inzludes turtles, tortoises znd terrapins.

Subelass B : Lepidosanria : Temporal region of skull has two fossae.
one above and the other belcw, the suture joining the squamosal and
post-orbital, quadrato jugal is absent. Such a skull is known as diapsid.
The skin is covered with hormy scales.

Order | : Rhynchocephal:a are lizard-like in appearance, limbs are
w=ak. Teeth are acrodont being fused 1o the summit of the jaws. Verte-
brae are amphicoelus, there is = median parietal eve connected by a nerve
to the brain and is sensitive to light. The sole living representative of the
group is Sphenedon.

Order 2 : Squamata : Reptiles in which the skull has secondarily lost
eith=r one { Lacertilia) or both :emporal vacuities (Ophidia). The surface
is covered with horny epidermral scales, sometimes with the addition of
dermal ossifications. The vertzbrae are nearly always procoelous. The
quadrate is movably articulated with the skull. The limbs when present
are sometimes adapted for terrestrial locomotion (Lacertelia}, sometimes
for swimming (Pythonomorphz). There is always a wide cleft between
the -ight and left divisions of tae ventricular cavity. The optic lobes are
approximated and the cerebellum is extremely small.

Suborder {a) Lacertelia arc the lizards. Temporal fossae are reduced
secoadarily to ome. They have movable eye lids. Girdles are always.
present thoughyreduced in limbless forms. Tail breaks off by reflex action
and is regenerated, c.g. Uromastix, Varanus, Chamaeleon and
Hemidactylus.
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Suborder (4) Ophidiz or serpentes are the snakes. Temporal fossae
are lost secondarily. Body is elongated. Girdles, limbs and seernum are
lost, except rudiments > pelvic girdles and hind limbs in pytaons. Eye
lids are not movable. Ear opening, tvmpanic and Eustachiar. tubes are
absent. Mouth is very >xpansible, even the upper jaw has movable bones.
Teeth are fused to the faws. In poisonous snakes salivary glands are modi-
fied to form poison glands. A hifid tongae is a sensory orger.. There are
only ten pairs of cranil nerves.

Subclass C : Archesaurin : The skull is diapsid, interparietal bones
and parietal formen arz absent. They tend towards a bipecal lccomotion
with accompanying clanges in pelvic gircle and hind limbs. Hind limbs
are vertical below the body and tibia is leng and strong. They include the
living crocodilians and extinct dinosaura.

Order Crocodilia - These are the cnly living descendens of Archo-
sauria. Skin bas tous1 horny scales and bony plates and there is an
abdominal sternum. 3nout is elongated with external nares at the tip,
they can be closed by +zlves. Tail is a powerful laterally compresed organ
for swimming. Heart is four chambered but dorsal aorta recsives mixed
blood. There is a muscular but incamplete diaphragm. They are
oviparous.



Class AVES

This class comprises birds wltich are warm-blooded vertebrates adapted
for acrial life. Their bodies are covered with feathers which are produced
by the epidermis of the skin. The fore-limbs are modified into wings
which are used for flight. They are moved by the chest muscles which
are very well developed. The Iind-limbs, by means of which they move
on land, are attached to the body much forward, thus enabling these
animals to be well balanced on land. The bones are provided with
numerous air-spaces, the presenze of which lessens the weight of the hody
e.g. Columba livia.

Digestive System (Fig. 2865;.
The alimentary canal begias with the mouath which is large and
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Fig. 286 — Digestive system of a pigeon.
581
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contains no teeth inside it. The cesophagas is a long tube which becomes
greatly dialated at the base of the neck forming a thin-walled sac, the crop.
Inside the crop the food, which consists of grains, becomesz macerated
before it goes to the stomach. A short distance behind the crop,
the oesophagus joins the stomach. It comaists of two parts the proventri-
culus which secretes the gastric juice, and the gizzard which bas the shape
of a biconvex lens. Its walls are very thick and its cavity is small. This
cavity contains small stones which are swallowed by the bird to help the
gizzard 1 grinding up the food The duodenum leaves the gizzard close
to the entrance of the proventriculus. [t forms a distinct loop enclosing the
pancreas. Following the duodcnum, is the ileum which is much coiled.
It leads to the rectum ard the junction between the two being marked by
two small rectal caeca. The cloaca is divided into three chambers, the
coprodaeum receiving :he rectum, the arodaeum receiving the urinary
and genital ducts, and proctodacum opening to the exterior. Into the
proctodacum opens the barsa Fabricii, a gland of unkncwn funcuen.
The liver is large and bilohed. Each lobe joins the duodenum by its own
duct. There is no gall-bladder. The pancreas is compact and discharges
its secretion into the duodenum by three pancreatic ducts. The spleen is
comparatively small apd attached to the right side of the prcventriculus.

Respiratory system (Fig. 287).

The glottis lies direc-ly behind the tcngue. It leads inta the larynx
which is supported by arytemeid cartilage. Unlike other vertebrates,
the larynx does not act as an organ of voice. It leads into a very
long trachea which is supported by coraplete bony rings. Its posterior
end divides into right anc left brenchi which are suppoited Ly incomplete
cartilaginous rings. The organ of voice is the syrinx which is found at the
junction of the trachea with the two bronchi. The syrinx is rict present in
any other vertebrate class. The lungs are comparatively small, spongy
organs, not mere sacs as in Amphibia and many Reptiles. The bronchi
not only give tubes which branch and forma the spongy lungs, Eut also pass
through these organs and are connected with a system of large air-sacs.
These are nine in number; the cervicals found at the root of the neck,
anterior thoracic and pasterior theracic closely adhering to the side
walls of the body, abdominals among the coils of the intes:ine, and a
single interclavicular between the lungs. The air-sacs are 1 communia-
tion with the airspaces present mside the bones. This arrangement
mcreases the efficiency of respiration and adds to the lightness of the bird.



583

GLOTTIS
LARYNX

TRACHEA
SYRINX

CERVICAL AIR SAC
ANTERIOR THORACIC

5
’_’nllllHumllllllmmu LMl "nlll'trt'.a:-lli'ﬁm

AIR SAC
P G2

o

?ﬁ 5 POSTERIOR THORACIC
AIR SAC

INTERCLAVICULAR \_ \ onoural AIR SAC

Fig. 287 — Diagramatic reprecentation of the respiratory system and air
sacs of a pigeon.

Circulatory system (Figs. 238 and 289).

The heart 1s comparatively large, consisting of four chambers. two
auricles and two ventricles Fig. 28%). There s no sinus venosus or
conus arterious. The right auricle receives the right and left anterior
vena cavae and posterior vena cava. while the left auricle receives four
large pulmonary veins, The right ventricle gives a single pulmonary
artery which soon divdes into two. and the left ventricle gives the right
aortic arch. The aortic arct curves 1o the right side and then extend
backwards as the dorsal aorta. [t gives at its apex two innominate
arteries from each of which arise the common carotid and the subclavian.
The latter soon divides into the branchiai and pectoral arteries supplying
the wing and pectoral muscles respectively. Owing to the position of the
legs, the femoral and sciatic arteries arise more anteriorly The caudal
artery is quite small. as the tail is much reduced.

Each anterior vena cava is formed bv the union of jugular, a bran-
chizl and a pectoral vein (Fie 289, The two juzulars are in communica-
tior. with one another bv a transverse vessel The camdal vein, after rece-
ivicg the large coccygeomesenteric vein from rthe cloaca and large
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Fig. 288 — Arterial system of a pigeon.

intestine, bifurcates into two renal portal veins. The renal portal, instead
of breaking up into capillaries inside the kidney, passes through it as a
continuous vessel. Thus, there is no renal portal circulation. Each renal
portal vein receives aniaternal iliac and a sciatic vein, and then joins the
femoral vein from the leg forming the large iliac vein. The two liliacs
unite together forming the postzr.or vena cava. Before reaching the heart,
the posterior vema czwa receives the hepatic veins, and thus there is a
bhepatic portal circulation.
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Fig. 289 — Vemous system: of a pigeon.

Urinogenital system (Fig. 29C:.

The lkddneys are flattened, aad each is divided- into three lobes. The
ureters are narrow and open iato the middle chamber of the cloaca or
urpdaeum. In the male there zre two oval testes, each is attached by a
thin peritoneal membrane to the ventral surface of the anterior end of the
kidney of its side. The vas deferzns is a convoluted tube arising from the
inner edge of the tesis. It extends posteriorly parzllel with the ureter, to
open into the urodaeam at the tip of a small papilla. Its posterior end is
slightly swollen forming a seminal vesicle. There are no copulatory organs.
In the female, there is only the left ovary, the right one has disappeared
carly in life. The right oviduct is rudimetnary and only a small part of
it is left behind. The left oviduct is long and convoluted, its anterior end



Fig. 29} — Columba, mal¢ and female urinogenital
system (From Thomson).
CL, cloaca; fuawel; Ki, Kdney; OV. ovary; OV D, oviducr PRO,
rudimetmy rigtt oviduet; $.G., supra-renal glands; SV, seminal
vesicle; TL. testis; UR, ureter; VAD, vas deferens.

is enlarged forming a wide funnel for the reception of the rise ova, and its
posterior end leads t- the arodaeam.

Skeletal system®

1. Endoskeleton

The endoskeleton compirses the skull, vertebral column pectoral
and pelvic girdles, and fore- and hind-limhs.

(a) Fore-limhb (Fig. 291).

The humeruas is strong. The radius is slender and nearly straight,
but the wlnay is shor:sr and slightly curved. There are two free carpals,
the radiale and wulnare. Articulating with them is a bonz called carpo-
metacarpus consistng of two rods fused together at both ends. It
is formed of the fusion of the distal carpo-metacarpus, the first consists of

{*} Students may consult other vertchrate text books for studying the remaining parts
of this skeleton,
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Fig. 291 — Fore-limb skeleton of Columba.

1. pneumatic foramen, 2. heac. 3. deltoid ridge, 4. humerus, 5. radius, 6. radiale,
7. phalanx of first digit, 8 carpo-mentacarpus, 9. phalanges of second digit,
10. phalanx of third digit, 11. ulnare, 12. ulna.

1 ohalanx, the second of & phalanges, and the third o | phalanx. The
digital formula s : 1 : 2 :1 :0 :0.

(6 Hind-limb (Fig. 292).

The femunr is comparatively short. A small bone, the patella, lies on
tke knee-joint. Articulating with the femur is 2 long bone which is the
tilde-tarsus and which is formed by the fusion of the proximal tarsals
with the tibia. The fibula is very small and slender. The distal end of the
titlo-tarsus articulates witk the tarso-metatarsus, formed by the fusion of
the distal tarsals with the metatarsals. Four digits are present in the hind
limb. The digital formuia s : 2 :3:4 :5 : 0.
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Fig. 292 — Hind-limb skeleton of Columba ; 1. trochanter, 2. head, 3.
femur. 4. cnemial crest, 5. tibio-tarsus, 6. phalanges of digits, 7. tarso-
metatarsus, 8. fibuka.

2. Exoskeleton

The exoskeleton consiss of the feathers, heak and claws, wich their
horny sheaths, and the scales which cover the feet.
Feathers (Fig. 293).

There are three main xinds of feathers .n birds: contour, filoplume
and down feathers.
(¢) Contour feathers (Fig. 293 C).

The conour feathers zre of two types : (i) flight feathers whic are
large in size and are found on the wing and :ail; (ii) covert feathers which
are smaller in szie and cover the body. A contour father of flight consiste
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Fig. 293 — Various types of [zathers. A} Filoplume; B Nesting down
feather; C) Cortour feather; D) Down [eather.

of a1 axis which is the stem and a flat part which is the vane. The stem
is made of two parts, the quill and the rachis. The quill is short hollow
ard 21as pith formed from tke cry remains of the feather pulp. Its lower
end &5 inserted into the feather Dilicle of the skin. At the lower end of the
quil., is the opening of the infer-or wmhilicus. The superior umbilicas
is found on the ventral surfece >f the quill at the point where it joins the
rackis. From the superior umbilicus protrudes the aftevshaft. The rachis
has gn its ventral surface the cmbilical groove. On both sides of the
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rachis are 11 barbs which constitute the vane. They are obliquely placed.
parallel to each other and provided with side branches known as the
barbules which posses hooks., Thus, the whole vanes is held together to
form a single surface and offers reistance to air.

On the other hand, coverts are smaller than fight feathers and their
hooks are poorly developed.

(b) Filopluome feathers :Fig 293 A,
These are hair-likc feathers with a long staik carrving few terminal
barbs. Hooks are absent and are found among the contour feathers.

(¢) Down feathers {Figs. 293 B and D\

A down feather has a very small quill having barbs and barbules at its
tip, but there are no hooks. In the adult the down feathers farm powder
down feathers from which powdery fragments are dropped. They are
hidden by contour feathers and help in keeping the bodt temperature.

Nervous system Fig. 2G4

The cerebral hemispheres are well developed, and considerably
larger than in the lower forms. The cortex of the brain is thin.
and markedly different in this respect from that of the mammals. The
cerebellpm is also well developed as is the rule among animals which
rely on a sense of balance, and its surface 1s thrown into ridges. The median
portion of the cerebellum is known as the vermis, on each side of which
is a conical projection known as the flocculus. The front of the cerebellum
is in contact with the hinder surface of the cerebral hemspheres.

There are twelve pairs of cranial nerves. the spinz. accessory and
hypoglossal being included in the skull.

CEREBELLLM

CEREBAUM

BLPACTORY LOBE

HYPOPHYSIS

Fig. 294 — Columba. Lateral view of the brain  The rcots of the
cranial nerves are marked bv roman numerals,



Class MAMMALIA

Mammals are craniates with a more complete adaptation to terrestrial
life shan any ohter animals, though a few have successfully reconquered the
sea and fresh water and have become modified accordingly.

The mammalia as a class have some diagnostic characters and at some
time there must have been animals with a mixture of ancestral reptilian
and -he beginnings of the modern mammalian characters. The Monotre-
mzta are stil] in some respects in this position.

Tke Characteristics of Mammalia

1. The skin is covered at least partially with hair which is found in no
other vertebrates. However, 2 number of mammals are secondarily almost
deve:d of hairs, as Cetaces, Sirenia, elephants and hippopotamus,
altacugh the embryos of some of these posses a complete coat of hairs The
scales of the reptelian ancestry are not fully despensed with, but may
reme n in some parts of the sody, as the scales of the tail of the rat.

2. The skin is thick and waterproof having sebaceous and sweat
glands, the latter control body temperature by evaporation of sweat.

3. The presence of mammary glands which are modified epidermal
glands. They secrete milk for nourishment of the young.

4. There is a diaphragm which is a partition of muscular fibres with
a tendinous centre separating the lungs and pericardium from the other
viscera.

5. The skull has alarge cranial cavity and the number of bones
is reduced.

6. The bones of the lower jaw are reduced to one which &5 the
dentary.

7. There are always three aunditory essicles in the ear and there is
an external pinna.

3. Vertebrae are gastrocentrous and there are generally seven cervical
vertetrae. The long bones and vertebrae ossify from three centres, a
central diaphysis and two terminal epiphysis. This arrangement
permis growth for long periads

591



592

9. The heart i3 completely four-chambe-ed and the left aortic arch
alonc persists.

10. The cerzhral hemispheres and cerebellum are very large with
much increase in the grey matter.

11. Except in camels, the red blood co-puscles are round, bicomcave
and non-nucleated.

12. In most mamimals, the testes descend nto scrotal sacs in the adult.

13. Ovaries are small and have eggs in Graafian follicels, the eggs
have no yolk, except in monotremes,

14. The embryo develops within the tterus, except in monotremes,
having an ammnion and an allantois, the latter along with the auterus
forms a placenta which brings about nutrition, respiration and excretion
of the foetus.

[5. The young are nourished for some tme after birth on mik, the
secretion of the female mammary glands, a production peculiar to
mammals.

THE RABBIT

Externzl Features

The most obvious characteristic of the rahbit is the possession of hair,
which, typically, forms a complete covering to the body (Fig. 295). Hairs
are more or less cylindrical epidermal struztures, seated in little pits or
follicles at the base of each of which is 2 papilla. The epidermal cells,
just above the papilla, mu'tiply actively and contribute new material to the
hair, which in this way grows in length. The central axis of the hair i5 called
the meduallz, and surrounding this is the cortex (which is octen
pigmented), and a cuticle. The function of hair is to prevent loss of heat
from the body by radiation, for mammals are warm-blooded (homother-
mous). It also serves for protection, and sometimes as a sensory tactile
organs, as in the case of the vibrissae.

The fingers and toes end in claws which are epidermal structares,

In the epidermis (Fig. 295) there is a great difference between the
actively growing cells at :he base (stratum Malpighi), and the flat horny
cells on the surface (stratum corneum) which are continua.ly bring lost
and replaced from the sratum Malpigh .
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£MDERTIS

TERMA PASILLAL

CAPILLARIES

ARRECTOR PrLt itndiontily
$EBACTOUS GLAND

ELOOD VESSELS

HAIR ROOT
CGROUP QF FAT CErty

Fig. 295 A — Section of a mammalian skin to show hairs, glands
aad accessory structures

The dermis of the skin forms the basis of leather, and it commonly
contaips fat forming a layer which assists the animal ir maintaining
its internal heat. Beneath the skin are muscles which serve to move and
shake it

The skin is supplied with glands of epidermal origin, of whch
there are two kinds sebaceens and mammary (in other mammals
thzre are also sweat glards).

The sebaceors glands bmanch repeatedly, and their secretion is
intracellular greasy substances which are pushed out in the loadad cells
themselves. These glands are wsually found opening into the hair-follicles
where the greasy secretion sgpreals over the hair. Other glands of this type,
open to the surface along the edge of the eyelids, and into depressions at
th= sides of the anus (periana_ glands). The secretion of the latter is respon-
sible for the smell of the rabbii.

Mammary glands, or mak glands occur in both sexes, but are
functional only in the female. They are branched tubes lying between the
skin and the underlying musclss on the ventral surface of the body, and
opening to the surface by nippfes, of which there are in the rabbit about
foar pairs

The eyes have upper and lower eyelids and a small nictating membra-
ne. A noteworthy feature is tie presence of external ears, or pinnae,
which assist the sense of hearing, by concentrating the waves of sound.

The apus is at the roof of tke tail, and is separate from the urinogenital
aperture, which is situated in ffont of it, and takes the form of a penis in
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the male or a vulva in the female At the ades of the penis 1n adult males
are the scrotal sacs which contain the teste=s This venral poitior of the
testes is a new feature peculiar 1o most adult mammals

Skuall (Figs. 296 and 297).

The skull has two occipital condyles, formed from the sxoccipitals.
The foor is formed by basioccipital, basisphenoid, prespheno:d and
vomer, the latter representing the anterior portion of the parasphenoid of
lower forms. The mesethmoid is perforated by a pumber of pcres through
which branches of the olfactory nerve run to the nasal sacs. Anteriorly,
the mesethmoid extends as the vertical septum nasi, which separazes the
cavities of the nasal capsules.

The roof of the skunll is formed by tke supraoccipital, parietals,
interparietals, frontals an nasals. The bones of the auditory caps-
ules are fuse to form the perioties, which form the hinder part of the
side of the brain-case. The remainder of the side is formed by tae senam-
osals, alisphenoids and orbitosphenoids. There is a small —achrymal
bone near the front of the orbit.

The margin of the upper jaw is formec by the premaxillze and the
maxillae. From the maxillac the jugals sxtend backwards znd meect a
process (zygomatic) of the squamosal forming (with the jugal he “cheek
hone’’. The pterygoids are small bones bzhind the palatines. and at the
sides of the basisphenoid. The vomer representing the parasphenoid
is covered over by the false palate. Large tympanic bullae lie beneazh the
periotic and contain the tympanic cavity.

The wall of the skull is pierced by a number of holes o foramina
through which the nerves and blood-vessels pass out and enter

The lower jaw consists of a single bone, the dentary, which articulates
with the skull by means of the squamosal. This method of articulation
is characteristic of mammals, and differs from the articular-quadratz arti-

- culation of all other Gnathostomes, On the other hand, wh=reas other
vertebrates have one single bone connectig the tympanic membrane
with the fenestra ovalis of the auditory capsule. in the mammals there
are three such bones. The one nearest to the fenestra ovalis 15 perfrated
and called the stapes, it is homologous with the columella aur 15and
hyomandibalar of lower forms. The nex: bone is the incus, whica is in
reality the quadrate, and the last bone is the malleus whichas in reality

the articmlar,
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Fig. 296 — Dorsal view of the skull of rabbit.
1. Incisors. 2. nasal. 3. maxilla. 4. frontal' 5. supreerbital
process of frontal. 9. supramccipital. Q. periotic, 11, extermal
auditory meatus. 12, tymoanic bulla, 13. zygomatic proces of
squamosal. 14. zygomasic process of jugal. 16. nasal proeew: of
premaxila, 17. premaxilla.
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Fig. 297 — Ventral view of skl of rabbie

I. anterior incizor, 2. posterior incisor 3 pclatal process of premaxilla, 4. nasal pro-
ceas of premaxilla, 5. palatal process of maz Ja. 6. palatal process of palatne, 7. vomer
8. jugnl, 9., prespbenoid, 10. zygomatic process ot jugrl, 11. basisphenoid, 2. z7gomatic
process of squamosal, 13, basioccapital. 14. ozcipital condyle, 15, exoccipita, 16. Joramen.
magnum, 17. supraocopital, 18. periouc. 19 exiermal auditory meatus, 20. tympanic
bulla. 2. agamozal. 22, pterygoid, 23. supraorbital process of frontal. 2¢. palatne, 23.

molars, 26. premolans. 27 maxilla, 28. premaxilla.
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Vertebral Colomn*

The number of cervical ve-tzbrae is seven. The first is the atlas, and
the second is the axis bearing the centrum of the atlas in the form of the
odontoid peg. The cervical vertehrae have vertebrarterial canals
formed by the fusion of the tubz=culum of the rib to the transverse process
of the vertebrae, and the capitulum of the rib to the centrum. The
theracic vertebrae are usually .. dozen in number, and each is related to
a pair of ribs with which it articu ates by tubercular and capitular facets.
Eehind the theracic region, are the lumbar vertebrae, usually seven in
number, and characterised by :keir large transverse processes. Next comes
the sacral region which is atzzched to the ilium of the pelvic girdle, and
the caudal region with vartetrae which become simpler in structure as
they approach the tip.

Fore Limb and Girdle*

The pectoral girdle is formed by the scapula, which bears a ridge, the
acromion, and a small ceraedid process. The clavicle is slender, and
_oins the zeromion to the stermum. The arm is made up of the usual
banes : humerus, radius, ani ulna, three proximal carpals; one central
carpal and four distal carpas make up the wrist. There are five
metacarpals. and the phalang=s are 2, 3, 3, 3, 3, in number on the
respective fingers,

Hind Limb and Girdle*

The pelvic girdle is formed of the usual three bones : ilium, ischium,
azd pubis, on each side. The ilium runs forwards and upwards from the
acetabulum to the sacrmm. The pubis meets its fellow from the opposite
side in the middle line, forming the pubic symphysis, and a large
obturator foramen separates the pubic from the ischium of its own side.

The femur has a large kead, which fits into the acetabular cavity of
the pelvic girdle, and three processes or trochanters which serve for the
attachment of muscles. The tibia is large, but the fibula is small and
fused on the tibia. Covering tke front side of the joint between femur and
tibia is a small bone, the patella or knee~cap.

The priximal tarsal bones are two in number; the astragalus, and
the calcaneum (heel-bone) There is one centrale, and theree
distal tarsals. The foot has our toes, the first or hallux having dizap-

(*) Students are advised tc consult ctheir practical note books including the Hlustra-
tions of all parts marked by*.
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peared. There are consequenthy four metatarsals, and the digital formula
for the number of phalanges is 0, 3, 3, 3.

It is common to find small irregular bones on the under or palmar side
of the joints of several of the fingers and toes, and covering cerzain jcints of
the arm and leg. These are the seszmoid bones. They arise in connect-
ion with the insertion of tendons on to bonzs Examples are _he patella,
and the pisiform which underlies the jJeint between the ulna ard the
cunciform bone of the wrist. Sesameids are unportant funcionalyy but,
they have not much significance in omparative anatomy, since they are
not constant from group to group.

Circulatory System (Figs. 298 ani 299

The heart contains four chambers, two auricles and two ventricles.
The trancus arteriosus hac been <plit. into two right down to s base.

WFT COAMON LEFT SURBCLAVIAN
RIGHT COMMON CAROTICOSYSTEMIC oo, ATERY ARTERY
CAROTID A TERY ARCH v ,'
-

y DUCTUS AQTERICSLS
) ”
A PULMCNARY ARCh
LEET ANTERICR
VENA CAVA -

RIGTH SUBCLAVIAN ARTERY

RIGHT ANTERIOR
VENA CAVA

LEFT COROMNARY
ARTERY AND VN

POSTERIQR VENA (CAVA

Fig. 298 — Mammalan heart dussected.
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Fig, 299 -— Dissection of the circulaory system af rabbit seen from the ventral side.

A) aorta; AB, adrenal body : AL, anterior laryngeal nerve (branch of vagus); AM,
anterior mesenteric artery; C) carotid artery; CA, coeiac artery; CG, anterior mesenteric
sympathetic ganglion; CN, cervical nerve; D, diaphragm; DA, ductus arteriosus; DNL
depressor nerve (branch of vagusy; I innominate artery; ISG, posterior cervical sympathes
tc genglion; J, jugular vein; L, arynx; O, esophagus; P, phlmonary trunk; PA, pulmons
arv artery; PH, phenic nerve; PV, pulmonary vein; RA, renal artery; RD, ramus des-
cendens {branch of hypogiossal n=rve); SL, recurrent laryngeal nerve (branch of vagus);
EV. renal vein; S, stomach; SA subelavian artery; SSG, anterior cervical symphathct_i'g
gacglion; SV, subclavian vein; SY, sympathetic nervechain; T. thymus gland; TH, thyl
roid gland; TR, trachea; V vegus rerve; VGI vena cava inferior; VG. vagus ganglioa
XII hvpogldssal nerve
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One of these vessels opens out of the righ ventricle and leads o the lungs,
it is the pulmonary artery. Tae other opens out to the left ven:ric e and
i3 the aorta which leads to the earodd arteries and the systemic arch.
The two superior venae cavae and the inferior vena cava opzn d rectly
into the right auricle; there 15 no sinus venosus. The pulmonory veins
opens into the left auricle. Guarding the opening between the rizht . uricle
and right ventricle is the tricupsid valve; the corresponding opening
between the left auricle and left ventricle 1s guarded by the mitral valve
The openings of the aorta and pilmonary artery are guarded by semilunar
valves.

The systemic arch persists only on tae left side. On the righe, it
is represented only by the short innominate artery from which the right
carotid and right subclavian arteries arse. On the left side :hete two
arteries arise from the systemic arch, which, pzssing back and up round the
left, sie of the gut, becomes the dorsal zorta. The dorsal aortz gives off
the coeliac, anterior mesenteric and posterior mesenterie, between
the anterior and the posterior mesenteric arteries, the dorsal aorta also
gives off the renal arteries to -he kidneys, and the genital arteries to the
gonads. In the case of males ir. which the testes have descenced imto the
scrotal sacs, the latter arteries zre of considerable length. Posteriotly the
dorsal aorta divides into the ilisc arteries which supply the hind legs, and
the caudal artery.

The superior vena cava o each side k& made up of the jngular and
subelavian veins, and opens into the right aricle. In some forms the left
superior vena cava i3 connect:d with the right by a transversz innomin-
ate vein, and so loses its own opening into the right auricle. The
left superior vena cava also receives at its base the thoracie duct
which connects with the system of lymphatic vessels. The posterior cardi-
nal veins are represented by the azygos irizht) and hemiazygos (left)
veins of the wall of the thorax. The hemiazygos connects with the azygos,
which opens into the right superior vena cava. The connection between
the hemiazygos and the left superior vena cava has been lost.

The walls of the heart itszlf are drained by veins called coronary
veins, which open into the rght auricle.

The veins from the hind l=gs (iliac and femoral veins) rua into the
inferior vena cava, which also receives the genital vein from the gonads,
the renal veins from the kidneys and the hepatic veins from the liver, and
runs into the right auricle. Blood from the stomach and intestine is carried
to the liver by the hepatic pertal vein : there is no renal partal vein,
The blood of the mammals differs from that of all other animzls in that in
the adult the red blood-corpuscles have no nnclei. Instead of b=ing bicon-
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vex, the red corpuscles here are bicomenve. The source of supply of new
tlood-corpuscles in late embrysnic and in adalt life is in the red marrow
which i3 situated in the cemtra. cavity of a2 number of bones. In addition,
Iymphocytes are produced in the lymph glands, which also serve as bloed
filters. It is possible that blood-corpuscles may also be formed in
the spleem.

Urinogenital System (Figs. 300 and 301},

The kidneys are asymmetrically placed. They are metanephric
siructures, connected by the reters with the urinary bladder.

The evaries are close :0 .he anterior end of the Millerian ducts or
oviducts, which open into the peritoneal cavity by the Fallopian tubes.
The base of cach oviduct is emlarged and specialised tc form the uterus,
in which the young embryss develop. The two uteri are close together,
and they open into the single median vagiva. The bladder is just ventral
to the vagina and connects wich it to form the vestibule which communi-
catzs with the exterior by the wvulva.

The vestibule is dorsal to the pubic symphysis, and ventral to the
anus, with which it has no cannection. There is there-fore no cloaca.

In the male, the Miillertzu ducts disappear except for the uterus
masculioas, which liss darsa’ to the bladder. The testes are connected
with the epididymis, representing the mesonephros of their own side.
Frcm the epididymis the vas Ceferens or Wollfian duct leads to the base
af the bladder on its dorsal side, close to the prostate gland. The bladder
and vasa deferentia lead into a tube, the arethera which runs through
and opens to the exterior at the end of the penis.

The testes arise near tke roof of the peritoneal cavity, suspended by
meszanteries, they descend vzntzally and backwards into the scrotal saecs.
The spermatic cords, containing the artery from the dorsal aorta, show
iae path taken by the testes in their dzscent. The epididymis is connected
with the scrotal sac by an elast'c cord, the gubernaculasm, which in early
stages grows down into the scrotal sac and guides the testis higher in it
descet.

Nerveus System

The most important characteristics of the mammalian nervous system
are to be found in the brain 'Figs. 302 and 303). This brain consists, zs
wsual, of fore-, mid- and hind-brains.
The Fore-brain

The cerehal kemispheres are so large that they completely over-



Fig. 300 — Male urinogenital system of rabbit.

A, anws; AB, AD, adrenal body; B. bladHer; DA, dorsal acrta; E. epididvmis; 5. gube-
maculum; IA, iliac artery; K, kidncy; O, ovary; OA, ovarian artery; OD, oviducd; P.
penis; R rectum;RA. renal artery; SA. spermatie cord; S5, scrotal sac; T. testis; U, ureter
UT. utenn; P. vestibule; VA, vagina; VI, vena cava inferior; VD, vas deferens,

shadow the olfactory region and alsa project backwards and hide from view
in the dorsal aspect, the thalamencephalon and part of the mid-brain.
The telencephalon, then, consists of the cerebral hemispheres and the
small olfactory lobes. The two cerebral hemispheres are separated from
one another by themedian fissure, though there are other fissurer divid-
ing the surface into regions. The shallow oblique Sylvian fiscare divides
cach hemisphere into an anterior frontal Iche and 2 lateral temporal
lobe. On the ventral side of the brzin there is a longitudinal fissure which
demarcates the hippocampal Dbhe.  Posteriorly the olfactory lobes
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Fig. 301 — Female urinogenital system of rabbit.
{See lettering under Fig. 300)

continuous with the olfactory rracts, the outer margins of which are defined
by the rhinal fissore. The thalamencephalon has the salk of the pineal
body which arises from its dorsa’ surface, and on the ventral surface are
found the optic chiasma and the pituitary body.

The mid brain

The optic lobes are represented by four rounded prominences, the
corpora quadrigemina, on its dorsal surface. In lower vertebrates, there
are only two optic lobes.

The hind brain

Tke medulla oblongata or myelencephalon is not very different
from that of lower forms, but in the metencephalon, the cerebellum is
much enlarged and dividible into a number of lobes. 1lts surface is thrown
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Fig. 302 — Dorsa.  view of brain of rabbit.
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Fig. 303 — Ventra. view of brain of rabbit.

into a number of folds, whick incrcases the quantity of superficial
grey matter or cortex which it contains. There is also a band of nerve-
fibres which join the two sides cf the cercbellum to one another passing



605

ventral to the rest of the hind brain; this is the pons Varolii, peculiar to
mammals. The cavity of the 4th ventricle coes not extend into the cere-
bellumr, which is solid.

Meningeal Membranes

The brain is surrounded by the vascular pia mater, which projects
into the lateral ventricles, the 3rd and the 4h vzntricles, formingin each
a choroid plexus. Outside the pia mater is the arachnoid membrane,
and outside this againis the protective and hard dura mater. The
cerebro-spinal fluid which fills the canal of the spiral cord and the ventricles
of the brain communicates wizh che space contained by these meningeal
memkranes through an opening in the roo” of the 4th ventricle.






PART EIGHT
EVOLUTION






INTRODUCTION

The term evolution which means change or- development is an ever
present factorin the world in which we live It has been wisely stated that
noching is constant in the world except zonstant change. Evolutionary
changes that are characteristic of the worH and its inhabitants were first
noted by the ancient Greeks, and these shrewvd observers drew many accur-
ate conclusions regarding evolutior: from the ev:dence that they saw around
ther:. Between the time of the Greeks and the advent of the modern
evalutionary theory of Darwin, educated men add mixed feelings about
evolution, mainly because it was incompatible with the religion of the
time.

The idea of evolution arose a number of zimes in the history of thought.
Aristotle intuitively believed simpie organi:ms might change in time to
com[lex forms. However, the notion that complex animals, such as birds,
could arise directly from inorgan.c objecie, likke mud, is mentioned no
fewer than 40 times in very carly scientifiz writings.

Ir 1801, Jean Lamarck, realizing that evolution had occurred, offered
an explanation for it. Lamarck’s rotion is callad the Theory of Acquired
Characteristics. According to this theory, fo cite an example, the long
neck of giraffes supposedly came about by repeated stretching, and the
stretching of the parents’ necks was thomght to be passed along to
the odspring, who themselves improved uron it. This theory explains
organ:c evolution by ‘“use and disuse”.

Charles Darwin introduced a genuinely scientific approach when he
mads a methodical examination cf large quantities of data, he collected
while travelling on H.M.8. Beagle as an officizl naturalist. Darwin’s back~
ground for his work included reacing the votumes by Lyeil on geology and
the essay of Malthus on population (1789); the latter pointed out that  the
geometrical increase of human beings woud lead to disaster in a few
hundred years if the rate of population increase continued. Alfred Russel
Wallace, another naturalist, also read Malthes’ =ssay. While travelling in
Malaya and the East Indies during 7 or 8 years, Wallace suddenly advan-
ced to the same point in his thinking which Derwin had quietly reached
about 20 years before. Wallace wrote to Darwin of his deductions about
evolution and natural selection, and he is eccorded nearly equal status
with Darwin for the idea. Because Darwin was able to present a well-
documented account, however, accumulated over so many more years,

€09
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he has been given the honoured place as originator of the Theorv of Natural
Selection.

From Darwin’s time to the present, the focus of atiention amongz scien-
tists has been upon the method by which evolution takes pace. For many
years inheritable particles, genes, were not thought of — the gene zoncept
arose in the twentieth century. Then, with 2 rediscovery of Mendel's paper
in 1900, and advancement in thinking which came about from Carwin’s
book (1859) on the “Origin of Species by Means of Nautral Selection,”
the stage was'set for a rapid synthesis of all ideas into one coordiratec. whole.

EVIDENCES OF EVOLUTION

There are various kinds of evidences, that gave rise to the evolationary
wrend of thought, such as fossils, comparazive anatomy, vestigial organs,
comparative embryology, comparative body chemistry. georgraphic dis-
tribution, plant and animal breeding, mutations and artificial mutations.

Geological Evidence

We know that geologists werz quite well informed about many of the
evolutionary changes that had tzken place .nthe earth, since the beginning
of time had convinced many people of this aspect of evolution at least
100 years before the advent of Darwinism Surface features of tae earth
in the form of mountains, volcanoes, inland seas, stratifications, earthquake
fautlts and many other phenomena, all gave mute evidence of constant
change. Fossils were and still aze, some of :he best and most indBsputable
evidence of evolution. Most fossils consist of the bodies of plants or animals
which have gradually been mineralized by geologicai processes, or the
imprints of such organisms tha: are areserved in rocks or some in other
medium such as asphalt or amber. The majority of fossils are found in
stratified rock which s the result of thousards or millions of years of sede-
mentation. Successive stratifications that have been exposed bw erosion
present a veritable chromological fossil tdme-table for the trzinec paleon-
tologist who is often able to read the fessil story almost as accurately as
most of as would read a book. New methods of chronology have made
possible much more accurate dating of such fossils than was formerly
possible. Very old fossils can now b= accurately dated by measiring the
relative radieactivity of varous materizls embedded in the strata in
which the fossil is found. Another meathod, the radio-carbon techniques,
is a somewhat similar process that it used to determine fossils that go back
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no more than 35,000 years. The longer a piece of any plart or animal is
expozad to the ravages of time, the less radio-attive carbon it will contain
becauze the radio-active carbon has a known rate of deterioradon. These
two methods for determining the age of fossils, then, have made an already
Very accurate science ¢venrR more precise, and have given evo.utidaists an
evolutionary sequence of organic evolution that cannot be deni=d.

Comparative Anztomy

Anatomists have long been aware of the many structusal simcilarities
that exist between many seemingly dissimilar organisms, and animals and
plants have been categorised into taxsnomic groups on the basis of these
homologies. The fore limb skelctons of “znrek, Mole, Ba:, Rhnoceros,
Gazelle and Horse have homologous bones that give concrete evidence of
organic evolution.

Vestigial Sturctures.

Many structures that have lost their function are presen: in aumerous
animals, especially Vertebrates. Man has many vestigial structires that
point to definite changes that have occurrec in his bedy as a result of evolu-
tionary adaptations. The appendiz, the ear muscles, tke nictitating
membranes of the eyes, and the costyx are a few o the many
such organs. Vestigial kind legs in whales and pythons, vestigial ankle
and foot bones in horses, and the vestigial wings of ostriches and pengu-
ins can only be explained from the standpoint of evolution.

Comparative Embryology

A study of embryos quickly reveals basic similarities thzt could not
hve happened by mere chance. For examgle, all vertebrate embryes deve-
lop gill slits, that are indicative of their fsh-like ancestry. Tae develop-
ment of the heart, arteries and kidneys of vertebrates, lkewise, shows
a similar fish-like influence that canno: be tgnored. The discovery of these
phenomena soon gave rise of the recapitulation theory. Accosding to
this theory, entegeny (the development of the individual) repeats or
recapitulates phylogeny (the development of the race). This means that
every animal went through all of the historical adult ancestral stages in its
embryological development, and that new stages were added at the end
of this chronological sequence. The modern version of the recapitulation
theory holls that the ancestral stages manifested by the embryos of
developing animals are fleeting images of t1¢ ancestors rather :haa of the
adult forms
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Fig. 306 — Veriform apaendix in Man.

Comparative Body Chemistry

Recent evidence indicates that evoluticnary relationships can >e deter-
mined by certain biochemical factors. On: of these is blood comgatibility.
It has been proved that blood proteins o~ Mammals are basically similar
ta each other, and that the blood proteis of man more closely resemble
those of the great apes than they do those of any other animals. Hemoglo-
bin crystals are other blood components taat prove to be more s.milar in
closely related animals than in more distamtly related form. The Formones
produced by vertebrate animals are so simiar, they can often be used inter-
changeably, thus giving evidence of a baric endocrine similarity between
the verctbrates. This could not have developed by accidental means.

Geographic Distribution
Similarities between continental and acjacent insular species of animals
furnished further proof of relationships that changed only becaure of the

isolation that resulted from the separation of such islapds from the main-

land. These relationships formed part of the evolutionary fuel that genera-
ted that modern theory of evolution.

Plant and Animal Breeding

Man’s application of artificial sclection to domesticated plznts and
animals has resulted in the various and multiple forms that we have today.
This was proof to thoughtful men that a similar type of selection in
nature could have brought about somewktat similar changes through the
action of natural forces extended over long periods of geological rdme.
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Mutations

The fact that certain organisms suddenly changed their nature for some
inexplicable reason and produced freakish forms, that could have been
imported in the evolution of new species, gave rise to the mutation theory
considering that this was due to changed gznetic structure, and regarding
such phenomenon as a prime factor in evolutionary development.

Artficial Mutations

Also the fact, that X-rays would cause a remendous increase in genetic
muntations, gave rise to further experimentztion with radicactive materials
and chemicals of various sorts. The results bave proved that environmentat
factors, such as these, can greatly accelerate the mutation rate, and that
somewhat similar factors may have played an important rale in genetig
variation through the countless ages of th= past.

Fig. 307 — Embryclogical similariies in vertebrate animals.
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EVOLUTION OF MAN

In common with the other primates, man’s earlier stages were passed
in tropical regions, ard hence, well-preserved fossils are similarly scarce.
Nevertheless, during the last several decades, a number of important fin-
dings have been made that contribute to both the numbers and particulars
of man’s ancestral types. Only cranial portions, fragments of jaws,
or isolated teeth, unfortunately, are charasteristically found as fossils,
although a number of more or less complete skeletons have been encoun-
tered in the recent years. Since only fragmentary remains ars tvpically
all that provides the fossil basis of man’s arcestry, the question mzy arise
as to how atnhropologists can be certair as to the identity cf their
specimens.  To answer this inquiry, reference to the chief points of differ-
ence between man ard the miodern apes rceds to be made.

Aside from the absence of hair on the bedy, which charactermstically
can searcely be expecied to fossilize, distinctive features of mank:nd are
confined to his uprigkt carriage, his Iack of prehensibility in tae feet,
his higher skull, flatter face, lower orhiial ridge, his use of fire and
other tools, and especially the shpae of the dental arch. Since the last
named trait is both among the most distin:tive and most frequen:ly fos-
silized body part, it is >f particular value in =stablishing homincid relation-
ships. If the dental arch of any of the great apes is examined. it is found to
resemble closely the same structure in monkeys. In all the anthropoids,
save man, the molars on each jaws form rows that parallel one another,
30 that the dental arch resembles a capital letter U, That of man, on the
other hand, is found too broadly rounded, rmore like the outlin= of 2 bowl
than Usshaped; furthermore, the teeth are more closely set 3o that
the whole arch is proportionately shorter. This trait, then, can serve as an
absolute measure of human relationship, fcr no ape or monkey, oast or
present, possessed anything resembling its condition. However, it is logical
to suppose that this trait, too, evolved gradaally; so at the earliest stages,
conditions intermediate between the pongd's and mankind’s might be
anticipated, but thus, far few fossils representing this early level have been
encountered. Nevertheless, fossil forms with definitive human dental
arches have been fourd that show either primitive or intermediate stages
in the development of other peculiarities of modern man.

Although the storw is fragmentary with large gaps in knowledge of
particulars, sufficient details now exist to leave room for little doubt as to
the fact of man’s common origin with lower forms. That he i3 one with
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the rest of the living world is, first of all, indicated by his cells
sharing identical processes and enzymes possessed by all thier organisms.
His oneness with the metazoa is undeniably indicated by the astral rays
the animals alone display during mitosis. The prsence of anotochord, gill
slits, and hollow dorsal nerve cord can suggest nothing less than actual
relationship with the chordata; his hairy eoat, though scant, h s skeletal
features, milk glands, diaphragm, heart, and hrain structare uni-
formly attest to his common derivation from a mammalian stock. And
finally, his internal and external morphology, including many unusual
features shared by all specics concerned and no other, as well as functinnal
and chemical trits, too, show that an ape like form was the common pro-
genitor, of both modern apes and man. So man is thoroughly and
completely an animal in all his physical aspects.

However, we should not think for a moment that man is just an animal,
for he is not. He possesses innumerable qualities not found in any other
living thing on earth, even over and obove the cultural objects his greatly
brain has produced. An appreciation of beauty, his secarch for truth, and
desire for merry and justice are attributes, no mere animal ever displays.
Nor does nay other organism strive to make the world better for posterily
or show evidence of possessing a belief in things divine or a spiritual life
to come, other than man.
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