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INTRODUCTION

The Present title “Vertebrate and Evolution” is designed to provide a firm foundation
for undergraduate students of Bhoj University. A field of vertebrate biology and
evolution is changing constantly. As discoveries are made, old concepts fade away
and new ones emerge. Our knowledge of living system is expanding rapidly and
our technologies for research improve daily. The present title concentrates on
knowledge  that an educated person requires for understanding the excitement of
modern biology by finding new ways to make important concepts more
understandable and memorable the studies on comparative anatomy & reveal that
evolution acts by changing existing structures. All vertebrates have basic
characteristic in common that are the products of their common that are the products
of their common ancestry and progressive modification of there characters can
trace the progress of evolution. Thus, an understanding of vertebrate from and
function is basic to understanding of vertebrate form and function is basic to
understanding the evolution of vertebrates.

The most attractive feature of this book is the simple and lucid language
with the incorporation of illustrations in the latest style. It is an outgrowth of a
desire to present an update picture of vertebrates and evolution in a relatively non-
technical and appreciable manner. The text is considerably shorter and more
conversational in tones than the encyclopedia texts., yet it contains all of the
information that is pertinent to students who are learning vertebrates and evolution.
The text concentrates on putting across the basic principles of the subject as briefly
and lucidly as possible. It does this with the aid of carefully selected examples,
some recent and other classic on the field, and with numerous illustration.

The present title integrates twenty two chapters in five units. Many of the
chapters are chiefly emphasized. These include origin of chordates, urochordates,
cephalochordata, comparative account of  various systems, modern systematic
theories, micro, macro and mega evolution, fossils & methods of fossilization,
evolution of man and zoogeographical distribution.

Dr. Mohan P. Arora
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1.0 INTRODUCTION

The chordates are widely diversified from one another in size, habits and
habitat. The chordates are bilaterally symmetrical, metamerically segmented,
triploblastic, coelomate deuterostomes. All possess, at some stage in their life-
history a notochord, a dorsal tubular nerve cord and paired gill-slitts, which
may persisted throughout the life or may charge or disappear in adults. Thus
all the vertebrates are chordates, but then all the chordates are not vertebrates.

1.1 OBJECTIVES

After going through this chapter, you will be able to:
Define chordates and vertebrates clearly.
Explain the basis of chordate classification
Describe the classification of various classes of chordates.

1.2 ORIGIN OF CHORDATES

Chordates have undoubtedly originated from invertebrates, but there is no
reliable evidence in favour of origin of the chordates. No fossil-remains have
yet been found in Cambrian rocks, where animal fossils were found. Lack of
such fossils indicate that the chordae ancestors were soft-bodied animals,
which could not be preserved as fossils. If fossils of ancient forms of chordate
would have been preserved, much of uncertainty could have eleminated.

On the basis of resemblances between the lower chordates and some
invertebrates, many theories of chordate origin have been put forwarded.
These are as follows:

Coelenterate theory. This theory claims that the chordates have a direct
origin from most primitive Metazoa, the coelenterates. The evolution involved
loss of some specialized coelentrate features, such as radial symmetry, stinging
cells (nematocysts) etc. and development of advanced characters, like bilateral
symmetry, segmentation, mesoderm, coelom etc. But actually to consider
coelenterate they ancestors of the chordates is merely a begining to the solution.
These advanced characters are found in some invertebrate phyla also. However,
it is highly improbable that the vertebrates acquired progressive characters
independently of the invertebrate group. Hence, it is necessary to look for
chordate ancestor to higher invertebrate phyla.

Nemertine theory. This theory claims the origin of chordate from the
marine worm-like animals called nemertines. Namertines are considered to
be the ancestral forms of vertebrates due to following characters:

The proboscis sheath lying above the gut suggests the notochord of
vertebrates.
The median dorsal nerve is supposed to indicate the spinal cord of the
vertebrates.
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The cerebral ganglion corresponds to a vertebrate brain.
The lateral nerves represent the nerves of lateral lines of fishes.
The cephalic pits on the sides of head correspond to the vertebrate gill-
slits.
Nemertines, though possess a few advanced characters are, on the whole,

animals of low organisation. They resemble the turbellarians in ciliated
epidermis containing glands, perivisceral space filled with mesenchyme,
excretory system of flame cells and without respiratory organs. The proboscis
sheath and cephalic pits are different in nature from the notochord and gill-
slits. Because of this the Nemertine Theory has received little support.

Annelid theory. The annelid theory points out that annelids and
chordates are both bilaterally symmetrical and segmented, with segmental
excretory organs, a well-developed coelom, and a closed circulatory system
with longitudinal blood vessels. Inverting an annelid would place its nerve
cord dorsal to the alimentary canal, and the path of blood flow would resemble
that of chordate; however, the mouth would then be dorsal and the brain
ventral, unlike a chordate, and other dorsoventral relations would be altered.
Annelids, moreover, have no structure suggestive of the notochord or gill-
slits. The nerve cord is solid. Even more fundamentally, their embryonic pattern
of development (protostome) is different from that of chordates
(deuterostome). Hence Annelid Theory has been largely discredited and
discarded.

Arachnoid theory. This theory traces the origin of chordates from the
Palaeozoic arachnids called Eurypterids (Arthropoda). There are
resemblances between eurypterids and the early ostracoderms (extinct jawless
vertebrates), both armoured with dorsal exoskeleton. The chordates, however,
have no arthropod-like appendages. The nerve cord in arthropods is ventral
and solid while in chordates it is dorsal and hollow. It was held that original
solid ventral nerve-cord of arachnids migrated upwards and surrounded the
original alimentary canal, thus forming the dorsal hollow spinal cord and brain
of the vertebrates. Consequently upon this change, a new alimentay canal
then developed by closing in of the ventral furrow present between jointed
appendages. As there is no adequate evidences in favour of this theory, it has
no importance.

Echinoderm theory. Some zoologists believe that the vertebrates have
originated directly from the echinoderms. No typical chordate characters are
found among these radially symmetrical echinoderms. They have no
endoskeleton and have too many peculiar and complicated organs of their
own. At the first sight, therefore, this group seems to be most unpromising of
all the as a place for the potential ancestor of the vertebrates. A close
relationship has been found between these groups. This relationship is shown
by three lines of evidences as follow.

Evidence from embryology. In spite of the extreme dissimilarties
between two, echinoderms and vertebrates, all these are enterocoelous
animals. The early embryo of echinoderm is tiny, free-swimming creature



NOTES

Origin of Chrodates and
Classification of Phylum
Chordata

Self-Instructional
6 Material

known as bipinnaria. Unlike the adult it is bilaterally symmetrical, suggesting
that the radial symmetry in adult is secondarily scquired. This larva resembles
that of the tornaria larva of hemichordates (Balanoglossus). There is
such a great similarity in the tornaria of hemichordates to that of bipinnaria
of echinoderms that it was regarded by Muller (1950) to be a larva of
echinoderm. Both have a minute, oval, transparent body with identical
external ciliated bands; sensory cilia over apical plate, complete alimentary
canal, and five coelomic cavities, of which the anterior opens out by a dorsal
pore. In both, echinoderms and vertebrates, the central nervous system
develops from a dorsal srip of ectoderm.
Serological evidence. There exists a close similarities between the body-
fluid proteins of chordates and echinoderms. As the degree of
resemblance of proteins of living animals shows their evolutionary
relationship, the chordates are more related to echinoderms.
Biochemical evidence. Phosphocreatine is used in the energy cycle of
muscle contraction by both. Most of the other phyla use phosphoarginine
for the same purpose. Certain hemichordates and a few echinoderms
use both, there by indicating that they are connecting links between the
chordates and echinoderms. However, Kerkut claims that both,
phosphocreatine and phosphoarginine occur in many invertebrate phyla.
Thus from the resemblance between echinoderms, hemichordates and
chordates, Hyam and other workers concluded that all the three have a
common ancestor, probably pterobranch like individuals, and that
echinoderms and hemichordates, branched off from a common
evolutionary line that ended in chordates.
Neotenous larva theory. Garstang (1894) advocated this theory. He

showed that if the ciliated bands, on the auricularia larva of a holothurian to
were accentuated and rise up as ridges leaving a groove between them, and if
these ridges were to fuse, converting the groove into a tube, a structure would
be produced which has all the relations of the vertebrate nervous system,
including such details as the neurenteric canal. Garstang’s theory further asserts
that some of the tailed larvae developed gonads precociously and evolved
into neotonous type of adult instead of metamorphosing into the sedentary
adult. The free-swing neotenous adults invaded estuaries and river mouths in
search of food materials brought down from the continents. Only a few groups
of early Palaeozoic animals could succeeded in exploiting the fresh water
habitats, and these included protochordates and arthropods. Berrill (1955)
suggested the following larval sequence echinoderm  auricularia 
hemichordate-tornaria  protochordate-ascidian tadpole  permanently free
swimming chordate. On this theory the ascidian tadpole becomes essentially
an interploration in the ascidian life-cycle, and by the supression of
metamorphosis and through further evolution it gives rise to the vertebrate as
a whole.

However, this view places the ascidians in the main line of the chordate
origin, at least as larvae, although not necessarily as basic stock in other
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ways. The origin of chordates as explained above will unfortunately always remain
speculative due to lack of a fossil record.

Check Your Progress

1. Differentiate vertebrates from chordates.
2. Name the various theories of origin of chordate.
3. Describe any three invertebrate similarities of chordates.

1.3 CLASSIFICATION OF CHORDATA

There are about 49,000 different species of chordates. Several taxonomists have
propounded different types of classification. Previously, zoologists divided Phylum
Chordata into two subphyla: subphylum Protochordata and subphylum Vertebrata.
Subphylum Protochordata was further divided into three classes: class-
Hemichordata, class-Urochordata and class-Cephalo-chordata. Most of the
zoologists doubted the presence of true notochord in Hemichordata and they
have removed hemichordates from Phylum Chordata and placed them into a
separate invertebrate phylum Hemichordata.

The classification followed here is more recent, upto date and simple.
Phylum Chordata can be divided into two groups:

Acrania (Protochordata) and
Craniata (Euchordata).

1.3.1 Group: Araniata
1. All are marine, small, primitive chordates.
2. Head is absent.
3. Skull or cranium absent.
4. Jaws, vertebral column absent.
5. Pharynx with permanent gill-slits. Endostyle present.
6. Coelom enterocoelic.
7. Blood without red blood corpuscles.
8. Kidneys protonephric.
9. Sexes separate or united. Reproduction asexual as well as sexual.

10. Development indirect through larval stage.
Group Acraniata is divided into two subphyla:

Subphylum Urochordata and
Subphylum Cephalochordata.

Subphylum Urochordata is divided into three classes:
Class: Ascidiacea (Herdmania, Ciona)
Class: Thaliacea (Salpa, Doliolum)
Class: Larvacea (Oikopleura)
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Subphylum Cephalochordata divided in one class:
Class: Leptocardii (Branchiostoma, Asymmetron)

1.3.2 Group: Craniata (Euchordata)
1. Aquatic or terrestrial, mostly large sized animals.
2. Well developed head is present.
3. Notochord covered or replaced by a vertebral column.
4. Pharyngeal gill-clefts persisted or disappear. Endostyle absent.
5. Coelom schizocoelic.
6. Blood with red blood corpuscles.
7. Kidneys meso- or metanephric.
8. Sexes separate only sexual reproduction.
9. Development direct or indirect.

Group Craniata is divided into single subphylum, the Vertebrata.
These are highly developed chordates with distinct head.
Notochord is completely or partially replaced by a vertebral column or
backbone composed of overlapping vertebrae.

Subphylum Vertebrata is further divided into two divisions:
Agnatha and
Gnathostomata.

Check Your Progress

4. What is chordates?
5. How many species of chordates are there?
6. What are the main division of chordata?
7. Define the term agnatha.

1.4 CLASSIFICATION OF PROTOCHORDATA

Hemichordata was previously known as Enteropneusta a name given by
Gegenbaur (1870) due to the presence of gill-slits in Balanoglossus clavigerus.
Bateson (1885) suggested the name Hemichordata in place of Enteropneusta.
He noted many features of structure and development which these animals
share with such lower chordates like Cephalochordata and Urochordata.
Although this name has been universally accepted but its systemic position
remained controversial. Its Chordata status is very much in question now-a-
days hence it is considered as separate phylum on Invertebrata by Hyman
(1959).

1.4.1 Subphylum: Hemichordata
The hemichordates are exclusively marine and all feed on micro-organisms
and debris by ciliary mechanisms. There are about 70 species.
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Subphylum Hemichordata is divided into three class:
Enteropneusta
Pterobranchia and
Plactosphaeroidea

Class: Enteropneusta

1. They are free, solitary, burrowing animals, commonly known as ‘Acron’ or
‘Tongue worm.’

2. Body is divided into proboscis, collar and trunk. Proboscis tapers anteriorly,
collar without tentaculate arms.

3. Alimentary canal is straight tube having two rows of hepatic caecae in the
intestinal region.

4. Several pairs of gill-slits.
5. Sexes are separate, gonads are numerous and sac-like.
6. Development is indirect through the Tornaria larval stage.

Examples: Balanoglossus, Saccoglossus.

Class: Pterobranchia

1. These are sedentary, colonial and tubicolous animals.
2. Body is very short and vase-like, Proboscis is shield shaped and the collar

with hollow, ciliated arms bearing tentacles.
3. Gill-slit one pair or absent, if present it is never ‘U’ shaped.
4. The alimentary canal is ‘U’ shaped with anus near the mouth.
5. Bisexual or unisexual; one pair of gonad or one gonad. Asexual reproduction

by budding.
6. Development may be direct or indirect.

Example: Rhabdopleura and Cephalodiscus.

1.4.2 Subphylum: Urochordata
The Urochordates are also knows as Tunicates (L-tunica, an undergarment) or
Ascidians (Gr. askos, a leather bag). They were classified by Herdman on the
basis of external morphology and ecological factors. Later on Lahilli classified
them on the basis of pharyngeal modifications. Garstrang (1895) classified
urochordates on the basis of anatomical and embryological features. Perrier (1898)
divided the urochordates into Enterogona, Pleurogona and Hypogona on the basis
of their reproductive organs. The latest classification is given by Hartmeyer (1909-
1911). There are about 2100 species of urochordates.

Subphylum Urochordata is divided into three classes:
Ascidicaea
Thaliacia and
Larvacea.
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Class: Ascidicaea

1. These are sessile, solitary or colonial tunicates with dorsal atriopore.
2. Pharynx is perforated ciliated gill-slits open into the atrial cavity.
3. Sexes are united. Larva is free-swimming and highly developed. It undergoes

retrogressive metamorphosis.
4. Adult is without notochord, nerve cord and tail.
5. Asexual reproduction by budding.

Examples: Ciona, Ascidia, Rhodosoma, Clavelina

Class: Thaliacea

1. These are pelagic and hypopleustonic (animals floating below the surface
of water) animal with transparent test.

2. Mouth and atriopore are situated at opposite ends.
3. Body is provided with numerous muscular bands which may encircle

the body partially or wholly.
4. Life-cycle shows alternation of generation.
5. These forms reproduce sexually and asexually by complex budding.

This class is divided into three orders:
Pyrosomida
Doliolida and
Salpida.

Order: Pyrosomida

1. Colonial forms hollow floating tubes, which open at one end only.
2. The cavity of the cylinder acts as a common cloaca.
3. Gill-slits are numerous and long.
4. Development is internal, larval stage is lacking.
5. The blastozooids are hermaphrodite and capable of budding.
6. Each individual has a cerebral eye and a subneural gland with ciliated

funnel.
7. They are luminescent.

Example: Pyrosoma.

Order: Doliolida
1. Body is charactically barrel shaped with thin test. Numerous muscle

bands encircling the body.
2. Pharynx is provided with two rows of stigmata, without internal

longitudinal bars.
3. The asexual phase is oozoid which reproduces by budding.
4. A tailed larva is present with notochord.

Examples: Doliolum, Doliopsis etc.
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Order: Salpida

1. Body is cylindrical or prism like.
2. The muscular bands are incomplete ventrally and attached to the test dorsally.
3. There is a single pair of very large lateral gill-slit.
4. The development is internal, inside the pouch of the body and the embryo is

nourished by a placenta. Larval stage is absent.
5. In the life history alternation of generation of generation is seen (as asexual

phase or oozooid and a sexual phase or gonozooid).
Examples: Salpa, Thalia, Pegea etc.

Class: Larvacea

1. These are free-swimming, pelagic tunicates.
2. These are neotenic, larval like forms with a persistent notochord.
3. Pharynx possesses only two gill-slits that open directly to outside.
4. Atrium and atriopore are absent.
5. Test or house is a temporary covering with sieve lime apertures and performs

the function of ciliary feeding.
6. Intestine is normally coiled to the right of the oesophagus.
7. No budding occurs.

Examples: Appendicularia, Fritillaria, Kowalevskia.

1.4.3 Subphylum: Cephalochordata
It is a small group of little fish-like animals with only two genera and a dozen
species. Sub-phylum includes a single class Leptocardii which has a single
family Branchiostomidae. This family contains only two genera Branchiostoma
(Amphioxus) and Asymmetron.

Check Your Progress

8. Define the term protochordata.
9. Write down any two examples of Hemichordata.

10. What is the characteristic feature of Urochordata?
11. Name the common larval forms seen in protochordates.

1.5 SUPERCLASS: AGNATHA

The Agnatha are the earliest known vertebrates and are characterized by the
absence of jaws. They are divided into several classes of which only
Cyclostomata is represented by living examples while remaining classes
have extinct forms. Thus, the fossil Agnatha is collectively known as
Ostracoderms.



NOTES

Origin of Chrodates and
Classification of Phylum
Chordata

Self-Instructional
12 Material

They are the earliest known vertebrates who flourished from Ordovician to
Devonian period and became extinct about 300 million years ago. Agnatha is
further divided into six classes:

1.5.1 Class: Euphanerida
1. About 18 cm. long, fusiform, naked body.
2. Notochord was present.
3. Two lateral and a median dorsal fin fold were present.

Example: Jamoytius.

1.5.2 Class: Anaspida
1. Small body measuring 15 ms. in length.
2. Head naked or covered with plates.
3. Tail hypocercal.

Example: Birkenia.

1.5.3 Class: Heterostraci
1. Head encased in a shield.
2. Tail hypocercal.
3. Eyes widely spaced.
4. One pair of gill-slits only.
5. Sensory organs were absent.

Example: Pteraspis.

1.5.4 Class: Coelolepida
1. Skin with several minute placoid scales.
2. Tail either hypocercal or heterocercal.

Example: Phlebolepis.
Cyclostomata or Marsipobranchii are the living representatives of super

class-Agnatha. These are characterized by the presence of a suctorial mouth
(without functional jaws). They are the most primitive of all living vertebrates.

1.5.5 Class: Petromyzontia
1. Mouth is ventral, surrounded by a large suctorial buccal funnel. The

inner surface of funnel is beset with many conical, yellowish, horny
teeth.

2. Nostril and the nasal sac are dorsal. The nasal sac does not open behind
into the pharynx.

3. There are seven gill-slits on each side behind the eyes. They open into
a respiratory tube lying ventral to the oesophagus.

4. They possess one or two well-developed dorsal fins.
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5. Branchial basket is complete.
6. Dorsal and ventral roots of spinal nerves are separate.
7. Eyes are functional. Pineal eye is well developed. Ear has two semicircular

canals. Lateral line system is present.
8. Sexes are separate. Eggs are small and numerous. Segmentation is

holoblastic. Development is indirect through a larval stage.
9. Both marine and freshwater forms are parasitic in habit.

Examples: Petromyzon marinus, Lampetra fluviatilis, Caspiomyzon,
Mordiacia etc.

1.5.6 Class: Myxinoidea
1. The mouth is terminal without buccal funnel and has four pairs of

tentacles around it.
2. Nostril terminal. Nasal sac opens behind into pharynx.
3. There are 1-15 gill apertures on each side, opening directly into pharynx.
4. Eyes are vestigial and sink beneath the skin.
5. Dorsal fin is absent or only feebly developed.
6. Branchial basket is reduced.
7. Brain is primitive as cerebrum and cerebellum being unrecognizable.

Dorsal and ventral roots of spinal nerves are united. The lateral-line
system is reduced.

8. Ear with one semicircular canal.
9. Large shelled eggs. Segmentation is meroblastic. Development is

without any larval stage i.e. direct.
10. They are marine.

Examples: Myxine glutinosa, Bdellostoma or Eptatretus cirrhatum,
Paramyxine.

Check Your Progress

12. What is the characteristic feature of agnathan chordates?
13. Which term is specifically used for fossil agnatha?
14. Name the anticoagulant present in the saliva of lamprey.
15. Which agnathan is carnivorous?

1.6 CLASSIFICATION OF PISCES

Fishes are the ectothermic or poikilothermy or cold blooded aquatic verte-
brates having jaws, paired and unpaired fins. The branch of zoology dealing
with the study of fishes is called ichthyology (Gr. ichthys, fish; logos, study).
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1.6.1 Class: Placodermi
1. These are extinct fishes. They flourished from early Devonian to Permian

periods.
2. Body was typically fish-like.
3. They had a bony armour like the ostracoderms.
4. Jaws were not properly formed.
5. Paired and unpaired fins were present.
6. Cranium was partly ossified.
7. Vertebral column had neural and haemal arches.
8. Notochord persisted throughout life.

Class: Placodermi is divided into 6 subclasses :

Subclass: Acanthodii

Example: Climatius.

Subclass: Arthrodin

Example: Cocosteus.

Subclass: Petalichthyida

Example: Macropetalichthys.

Subclass: Antiarchi

Example: Pterichthyodes.

Subclass: Rhenanida
Example: Gemuendina.

Subclass: Palaeospondylia

Example: Palaeospondylus.

1.6.2 Class: Elasmobranchii
1. Body is laterally compressed and spindle-shaped.
2. Paired and unpaired fins are present.
3. Endoskeleton entirely composed of cartilage, sometimes calcified.
4. Exoskeleton consists of dermal denticles or placoid scales.
5. Jaw suspension is holostylic, amphistylic or hyostylic.
6. Gills are never covered by opercula except some.
7. Tail is always heteroceral.
8. No lungs or air bladders exist.
9. Males usually have claspers.

10. They may be oviparous, ovo-viviparous or viviparous.
11. Kidneys are mesonephric.
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Class: Elasmobranchii in divided into two sub-classes:
Selachii and
Holocephali.

Subclass: Selachii
1. Skin is covered by placoid scales.
2. Gill-slits are uncovered. They are 5-7 pairs.
3. Jaw suspension hyostylic or amphistylic, and numerous teeth arranged in

several rows.
4. Claspers occur in association with the pelvic fins.
4. They are surface feeders.

Examples: Scoliodon, Scyliorhinus, Pristis, Torpedo, Raja etc.

Order: Holocephali
1. Body is laterally compressed.
2. Mouth is small bounded by lips.
3. Skin without scales in adult.
4. Large toothed plate attached to the jaws.
5. Jaw suspension is holostylic.
6. Gills covered with operuculum.
7. Extra clasper in male.
8. Poorly developed vertebrae.

This sub-class includes only one order Chimaeriformes.
Example: Chimaera.

1.6.3 Class: Osteichthyes
1. Body is usually spindle-shaped.
2. Median and paired fins are present.
3. Skin with mucous glands. Exoskeleton of genoid, cycloid or ctenoid scales.
4. Endoskeleton is partly or wholly bony.
5. Notochord often persisted in greatly reduced form.
6. Mouth is terminal or sub-terminal. Nostrils are located on the dorsal side of

snout.
7. Gill-slits are covered with operculum and the inter-branchial septa are

reduced.
8. Jaw suspension is autostylic type.
9. Tail is homocercal, gephycercal or diphycercal.

Class: Osteichthyes has been divided into two sub-classes:
Crossopterygii, and
Actinopterygii.
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Subclass: Crossopterygii
1. Single or double air-bladder.
2. Fins are paired and lobed.
3. Internal nares present.
4. Skeleton of the pectoral fin with a joint central axis bearing radials on two

sides.
5. Almost all are fresh water. Occur from Devonian to the recent period.

Examples: Osteolepis, Rhizodus, Strepsodus, Latimeria (Living fossil),
Coelacanthus (Extinct) etc.

Subclass: Actinopterygii

1. Commonly known as ray-finned fishes. The paired fins have broad base
and fan-like form.

2. They lack fleshy lobe and are supported by radiating dermal rays.
3. Olfactory sacs do not open into buccal cavity, but double external nares

are present.
Example: Polyterus, Acipenser and Polyodon (paddle fish), Amia

(Bowfin), Sinamia (Extinct), Lepidosteus (The gar pike), Hilsa hilsa, Salmo
(trout), Notopterus, Chirocentrus, Lebeo, Barbus, Cirrhina, Harpodon
nehereus (Bombay Duck), Anguilla, Muraena, Ophichtys, Exocoetus, Belone,
Bregmaceros (Cod fishes), Hippocampus, Syngnathus, Gambusia and
Aplocheilus, Sphyraena, Mugil, Polynemus and Eleuhornema, Channa
punctatus, C. gachua, Lates, Ambasis, Pseudorhombus, Solea, Cynoglossus,
Mastacembelus, Macrognathus, Remora (Sucker fish), Echeneis, Tetrodon,
Diodon, Mola, Dactylopterus, Batrachus.

1.6.4 Class: Dipnoi
1. Dermal bones are present on skull, jaws and pectoral arch.
2. Single gill-slit on either side.
3. Body is covered over by cycloid scales.
4. Internal nares are present
5. Operculum, Cloaca and air bladder present.
6. Paired fins are lobate.

Examples: Neoceratodus, Ceratodus, Protopterus, Lepidosiren.

Check Your Progress

16. What is poikilothermy?
17. Define the term Icthyology.
18. What for lateral line system is found in fishes?
19. Name any cartilaginous fish
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1.7 CLASS: AMPHIBIA

There is no doubt that the amphibians have sprung up from fish-like ancestors and
that in turn given birth to reptiles. Thus, amphibians consequently hold a very
important intermediate position. Amphibians were the first vertebrates to come
from water on land, because they failed to become fully adapted to tenestrial life.
The larvae of all foms are aquatic. In some cases, the adults have also secondly
returned to water. This double life is expressed in their name (Gr. Amphi = two,
bios = life). Structurally, the amphibians are between fishes and reptiles. The term
Amphibia was coined by Linnaeus although he kept both. Later on, naturalists
and taxonomists put the amphibians particularly in this class, although the
characteristic features of the old amphibians and those of the recent are little more
different.

Class Amphibia is divided into two subclasses:
Apsidospondyli and
Lepospondyli

1.7.1 Subclass: Apsidospondyl
The central of vertebrae formed from cartilage blocks in units of two, which
are ossified in varying degrees as anterior intercentra and posterior
pleurocentra.

Apsidospndyli are placed into two super orders:
Labrinthodontia and
Salientia.

Super Order: Labrinthodontia

1. Distributed from Carboniferous to the Triassic period.
2. These were crocodile or salamander-like amphibians.
3. The skull was completely roofed over with bones. The number of bones

in the skull were more than those of recent forms.
4. The teeth were enlarged and with greatly folded dentine in both the

jaws.
5. All the vertebrae consist of neural arches and intercentra. Further, in all

forms except in stereospondyle, a pre-ossified pleurocentrum is present.

Order: Embolomeri

1. Distributed from lower Carboniferous through Permian.
2. The centra of vertebrae were double i.e., the intercentrum and pleuro-

centrum form a complete ring and the neural arch was attached to one
or both of them.

3. The occipital condyl was single or triple.
4. The palate was well ossified.

Examples: Palaeogyrinus, Eogyrinus.
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Order: Rhachitomi

1. They were distributed from Permian to Triassic periods.
2. Each vertebra consist of a half-moon shaped intercentrum and one or two

pairs of pleurocenra.
3. Occipital condyl was triple.
4. The inter-pterygoid cavities wider than Embolomeri. An otic notch occurred.

Example: Eryops.

Order: Stereospondyli

1. They were distributed in the early Triassic period.
2. The centrum found almost entirely of the intercentrum, the pleurocentrum

being rudimentary or absent.
3. Two occipital condyles were present.
4. The inter-pterygoid cavities increase in size.

Examples: Capitosaurus, Cyclotosaurus etc.

Super Order: Salientia or Anura

1. The body is short, broad comprising only head and trunk, the tail is
absent in adults.

2. Eyes are large with eyelids, Tympanum present.
3. Middle ear is generally present.
4. Hind limbs ar much larger than fore limbs.
5. Hind limbs usually adapted for leaping and swimming.
6. Adults are without gills or gill openings.
7. Skin loosely fitting, scaleless, mandible toothless.
8. Vocal cords are present.
9. Ribs are reduced or absent, pectoral girdle bony.

10. Vertebrae column very small of 5-9 peresacral vertebrae and a slender
urostyle.

11. Oviparous, fertilization is external.
12. Development indirect through a larval stage which is very different

from adults.
Examples: Ascaphus, Leiopelma, Pipa, Alvtes, Xenopus, Bombinator,

Megalophyrs, Pelobates, Scaphiopus, Bufo, Hyla, Rhinoderma, Gastrotheca,
Dendrobates, Rana, Rhacophorus.

1.7.2 Subclass: Lepospondyli
1. They were distributed from Carboniferous and Permian perids.
2. Each vertebrae was composed of a single piece. The neural arch

continued with centrum.
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3. The ribs articulating with column intervertebrally. In some cases, there was
a secondary shift of the ribs to the side of vertebra.
This subclass is divided into following orders:

Order: Adelospondyli

1. The neural arch was joined by sutures to the centrum which had a distinct
form. A pair of depressions penetrate the ventro-lateral surface of each
vertebra.

2. The skull had incompletely roofed skull.
Example: Lysorophus.

Order: Aistopoda

1. These were limbless and long-bodied animals of the Carboniferous
period.

2. Elongated skull.
3. Snake-like body with as many as 100 vertebrae.
4. Ribs were forked and transverse processes were distinct.

Examples: Ophiderpeton, Aistopod.

Order: Nectridia

1. Distributed in the upper Carboniferous period.
2. One form was superficially snake-like and limbless (Sauropleura).
3. Diplocaulus had a huge triangular head and small limbs.
4. Skull developed an extraordinary armament formed by the outgrowth

of the tubulars, Cranium which was largely unossified.
5. Coracoids were separate.

Examples: Diplocaulus and Sauropleura.

Order: Phyllospondyli

1. They are distributed in Carboniferous to Permain period.
2. They were small, tubular with the notochord and spinal cord lying in

one cavity.
3. The vertebrae were tubular with the notochord and spinal cord lying in

one cavity.
4. The centrum was represented by the thick floor of each vertebral ring.
5. The transverse processes were well marked with short ribs.
6. Cartilaginous pubis and coracoid.
7. Three pairs of gills in long larval life resembles the urodeals.

Example: Ichthyostega.

Order: Gymnophiona or Apoda
1. The animals are aberrant, blind, worm-like, limbless. Tropical Ambhibia–

with a very short tail and are commonly known as caecilians.
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2. It consists of only head and trunk.
3. The body is usually grooved transversely, and in the grooves are often series

of minute scales.
4. The eyes are lidless and sometimes covered by cranial bones. It is non-

functional and remains buried beneath the skin or under the skull bones.
5. Between the eyes and nostrils is present a tentacle which is protrusible.
6. Skull is compact and less a complete bony roof.
7. Frontal bones are distinct from the parietals, but the parietals are fused

with the maxillae.
8. Teeth occur in both the jaws.
9. Vertebrate are very numerous (upto 200) and amphicoelus. Notochord

is persistent.
10. Long ribs are present, corotid arches are absent, the carotid arteries

arising from the systemic arches.
11. Lungs are asymmetrical.
12. Males possess a protrusible copulatory organ.
13. Fertilization is internal.
14. Development of eggs is internal in Typhtonectes (viviparous) or external

(from large-yolked eggs which are laid in burrows) as in Rhinatrema.
15. Development may be direct or with a larval stage having external gills.
16. The Apoda are tropical amphibians. They are found in India, Sri Lanka,

Pakistan, Africa, and Tropical America.
17. They are completely terrestrial in the adult stage.
18. They are strictly burrowing forms and are rarely seen above the surface.
19. They feed underground on worms and other small invertebrates.
20. The fossils are unknown and living animal is rarely seen.

Examples: Typhlonectes, Rhinatrema, Uraeotyphlus and Ichthyophis.

Order: Caudata or Urodela

1. Body with distinct head, trunk and tail.
2. The tail assists in locomotion, both on land and in water.
3. Paired limbs are present. Both the pair of limbs are weak and nearly of

the equal size.
4. Skin is scaleless.
5. Eyes are small and have eyelids in land forms.
6. Middle ear is absent.
7. There are no sensory tentacles on the head.
8. Gills and gill-slits may persist in the adult.
9. Vocal cords are absent.
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10. It may bear a tail-fin devoid of fin-rays.
11. The skull is very much reduced.
12. Teeth occur in both the jaws.
13. Vertebrae are numerous (upto 90) and usually opisthocoelus.
14. Ribs are present.
15. Fertilization is usually internal.
16. Their larvae, if aquatic, resemble their parents and there is no conspicuous

metamorphosis.
17. The Urodela are found in the temperate and tropical parts of northern

hemisphere.
Examples: Cryptobranchus, Megalobatrachus, Ambystoma,

Rhyacotriton, Salamandra, Amphiuma, Triton, Desmognathus, Plethodon,
Proteus, Necturus, Siren and Pseudobranchus.

Check Your Progress

20. What is the characteristic feature of Amphibia?
21. Name the amphibian without limbs and resembles a worm.
22. Define the opisthocoelous vertebra.
23. Name the amphibian retaining gills even in the adult stage.

1.8 CLASS: REPTILIA

Before closing of the carboniferous, the reptiles had efficiently adapted to
terrestrial life and had already sprung from the primitive amphibian stock and
it was from this group that all later vertebrates, the birds and mammals were
derived. The reptiles had left the aquatic environment even for egg laying.
They had developed special means to provide every required thing within the
egg. The egg of a reptile or a bird contains a large amount of nourishing yolk
for the embryo. As the embryo grows, yolk is contained in a yolk-sac connected
with the digested tube. A fluid-filled sac, the amnion around the body of the
embryo, affords protection against injury and dessication. From the posterior
end of the gut of the embryo, allantois grows out in which excretory wastes
are stored. The entire egg is protected by a hard, protective porous shell.
These types of eggs are known as cleiodic. It is because of cleidoic eggs that
the reptiles and later vertebrate have been able to eliminate the aquatic stage
in their development. This is the most important reason of their success upon
the land. Vertebrates with an amnion in their embryos are grouped in Amniota
which are distinct from the Anamniota i.e., Fishes and Amphibia.

1.8.1 Subclass: Anapsida
1. Cranial roof of the skull is complete and solid.
2. Temporal fossa or vacuity or opening in the skull are completely absent.
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3. Qadrate is connected to the otic bones.
4. Body is enclosed in carapace and plastron.

It includes primitive fossil forms and living tortoises and turtles. It includes
two orders:

Order: Cotylosauria

1. Extinct reptiles, became extinct in the Triassic period.
2. Exhibit resemblance with Labyrinthodont amphibians.
3. Jaws and teeth poorly developed.
4. Pelvic girdle is flat and plate-like.

Examples: Seymouria, Labidosaurus, Procolophon.

Order: Chelonia

1. They are terrestrial, semi-aquatic, freshwater or marine.
2. Body is short and wide.
3. Jaws are without teeth. Herbivorous and carnivorous.
4. Trunk is enclosed in a bony shell composed of dorsal carapace and ventral

plastron which may or may not be covered with horny shields. Plastron
forms the popular “tortoise shell.”

5. Temporal region of skull completely roofed.
6. The expanded and flattened neural spines and ribs contribute to the bones

of the carapace.
7. The clavicle and interclavicle are separate from the pectoral girdle and from

there bones of the plastron.
8. Humerus with entepicondylar foramen.
9. Pectoral and pelvic girdle lie within the ribs.

10. Sternum is absent.
11. Quadrate immovably articulated.
12. Jaws are devoid of teeth, but are covered by horny sheath.
13. A short, bony secondary palate has developed so that the internal nares

open into the posterior part of the buccal cavity.
14. Head, neck, limbs and tail can be withdrawn into the shell for protection,

wherever needed.
15. Limbs may be normal or paddle-like.
16. Urinary bladder is present.
17. Tongue is not protrusible, being attached to the floor of the buccal

cavity.
18. Copulatory organs are unpaired and present on the ventral wall of the

cloaca.
19. Cloacal is a longitudinal slit like aperture.
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20. Oviparous.
21. Eggs have firm, limy shell and are laid in holes on land, dug etc. and are

covered by females.
Examples: Chelone (Turtle), Testudo (Tortoise) Archelon (Extinct).

1.8.2 Subclass: Ichthyopterygia

Order: Ichthyosauria

1. Found in Triassic to Cretaceous periods.
2. Marine, fish-like reptiles. Neck absent. Tail elongated.
3. Paddle like limbs.
4. Vertebrae amphicoelous. Sternum absent.
5. Skull with single fossa are produced into elongated rostrum.
6. Probably viviparous.

Examples: Ichthyosaurus, Mixosaurus etc.

1.8.3 Subclass: Synaptosauria

Order: Protosauria

1. Found in Permian to Triassic periods.
2. They were terrestrial and lizard like reptiles measuring 30 cms. to several

meters.
Example: Araceoscelis etc.

Order: Pleistosauria

1. Found in Triassic to Cretaceous periods.
2. Huge aquatic reptiles, some measure 40 feet.
3. Vertebrae amphioelous. No sternum.

Examples: Pliosaurs, Placodus.

1.8.4 Subclass: Archosauria
1. Skull is diapsid, inter-parietal bone and parietal foramen absent.
2. Anterior orbital fossae are usually present.
3. Pineal foramen is usually absent.
4. Teeth thecodont, occur only on jaw margin and are set in sockets.
5. Vertebrae amphicoelous or procoelous.
6. Palate without teeth i.e., edentulous.

Order: Thecodontia

1. Appeared in Triassic period.
2. Small carnivorous reptiles, aquatic and terrestrial.

Example: Aetosaurus.
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Order: Crocodilia

1. Freshwater and predatory forms.
2. Body is covered with an exoskeleton of thick horny epidermal scales.
3. Tail is long and laterally compressed.
4. Maxillae, palatines and pterygoids are united along the middle to form a

secondary palate.
5. Eyes, external nares and ears lie in straight line on top of the head.
6. Teeth are thecodont.
7. Quadrate is immovable
8. Both supra- and infra-temporal are present.
9. Vertebrae are procoelous.

10. Sternum is present
11. Cervical vertebrae with two-headed ribs.
12. Thoracic ribs possess uncinate process.
13. Abdominal ribs are present.
14. Prepubis present. Pubis does not share in the formation of acetabulum.
15. Heart is four-chambered and ventricle is completely divided into two by a

septum.
16. Lungs are spongy.
17. Urinary bladder is absent.
18. Cloacal opening is longitudinal.
19. Males possess a median unpaired penis.
20. They are carnivorous, feeding chiefly on fishes.
21. They are good swimmers and swim by lateral undulations of their powerful

compressed tail.
22. They are oviparous and lays 30-60 leathery eggs in nests of decaying

vegetation.
Examples: Crocodilus, Alligator, Gavialis.

Order: Pterosauria

1. They were toothed and tailed flying reptiles.
2. Bones were narrow, light and hollow as in birds.
3. Sternum keeled but clavicles and interclavies were absent.

Examples: Pterodactyls and Rhamphorynchus.

Order: Saurischia

1. From Triassic to Cretaceous.
2. Includes immense sized massive animals called dinosaurs.
3. Pelvis was tri-radiated.
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4. Teeth on premaxillae.
Examples: Brachiosaurus, Brontosaurus etc.

1.8.5 Subclass: Synapsida
1. Extinct reptiles lived from upper Cretaceous to upper Triassic.
2. Skull with a pair of temporal fossae in either side. Each bounded by

post-orbital and squamosal above and by jugal and squamosal below.
The subclass includes three orders:

Order: Pelycosauria

1. They existed in Carboniferous and Permian.
Example: Dimetrodon.

Order: Therapsida

1. This group is intermediate between reptiles and mammals.
2. Teeth heterodont.
3. Dicondylic skull with two occipital condyles.

Example: Bicynodon.

Order: Ictidosauria

1. This group also fills the gap between reptiles and mammals.
2. Reptilian type of quadrate and articular bones present.

Example: Tritydon.

Check Your Progress

24. Define the reptiles.
25. What are the important features of reptilian skin?
26. What are pleurodont teeth?
27. What are the procoelous vertebrae?

1.9 CLASS: AVES

Birds originated in Jurassic period from flying reptiles like Pterosaurs,
Archaeopteryx was the connecting link between reptiles and birds. The fossil
of Archaeopteryx was discovered from Bovaria (Germany) in 1861 by Andreas
Wagner. Archaeopteryx became extinct during Cretaceous period along with
the dominating Dinosaurs.

1.9.1 Subclass: Archaeornithes
1. Primitive birds of upper Jurassic period lived about 155 million years

ago and became extinct.
2. Wings primitive with little power of flight.
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3. Cerebellum is small.
4. Skull with teeth on both the jaws.
5. Vertebrae amphicoelous.
6. Sternum without keel.
7. Carpals and metacarpals free.
8. Long tail with 18-20 free caudal vertebrate. Pygostyle or fused-tail vertebrae

absent.
9. Ribs without uncinate process.

10. Abdominal ribs absent.
This sub class includes a single order.

Order: Archaeopterygiformes

Examples: Archaeopterys lithographica and Archaeornis.

1.9.2 Subclass: Neornithes
1. It includes modern as well as few post-Jurassic extinct birds.
2. Wings usually well-developed and adapted for flight with few exceptions.
3. Cerebellum is large.
4. Teeth are absent except in few fossil birds.
5. Digits of the fore-limbs are without claws.
6. Vertebrae heterococlous in living forms.
7. Tail is short with few free caudal vertebrae. Pygostyle present.
8. Sternum usually with a keel.
9. Ribs with uncinate processes.

10. Abdominal ribs are lacking.
11. Carpometacarpus joined by fusion of distal carpals and metacarpals.

This sub-class is divided into four super orders:

Super Order: Odontognathe

1. Extinct, upper Cretaceous birds.
2. Jaws with teeth.
3. Brain of avian type.
4. Pygostyle is lacking.

It is divided into two orders:

Order: Hesperornithiformes

1. Large, flightless marine birds.
2. Amphicoelous vertebrae.
3. Pleurodont teeth present in grooves rather than in sockets.
4. Pectoral girdle is reduced.
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5. Sternum without a keel.
Examples: Hesperornis, Baptornis, Enaliornis etc.

Order: Ichthyornithiformes

1. Marine birds.
2. Neck vertebrae amphicoelous.
3. Presence of teeth is doubtful.
4. Pectoral girdle is well-developed.
5. Sternum with a well-developed keel.

Examples: Ichthyornis, Apatornis.

Super Order: Ratitae or Palaeognathae

1. Modern, large-sized, flightless, running birds.
2. Wings are reduced, vestigial or absent.
3. Feathers devoid of interlocking mechanism.
4. Rectrices or tail feathers are absent or irregulary arranged.
5. Sternal keel vestigial, absent or flat.
6. Pterylae are irregular.
7. Oil gland absent except in Tinamus and Kiwi.
8. Skull is palaeognathus or dromaeognathus i.e., vomer is large and broad

and interpolated between palatines.
9. Skull suteres remain distinct for a long time.

10. Quadrates articulates by a single head with skull.
11. Free caudal vertebrae are present. Pygostyle is small or absent.
12. Scapulas’ coracoid are comparatively small and fused at an obtuse

angle.
13. Uncinate process of ribs vestigial or absent.
14. Clavicles are small or absent.
15. Pectoral muscles poorly developed.
16. Iiium and ischium not united posteriorly except in Emu and Rhea.
17. Syrinx or sound box is absent.
18. Male has a large and erectile penis, female has clitoris.
19. Young are precocious.
20. Restricted distribution.

The flightless birds are not represented in India Super-order Ratitae is
divided into seven orders:

Order: Struthioniformes

1. Head, neck and legs are sparsely feathered.
2. Beak is broad and short.
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3. Legs strongly developed each with two toes with stunted nails.
4. Sternum without keel.
5. Ventral pubic symphysis present.

Example: Ostriches (Struthio camelus),

Order: Rheiformes

1. Flightless terrestial and swift running birds.
2. Head, neck and thigh are feathered.
3. Legs bear 3 toes with heavy and typical claws.
4. Sternum without keel.
5. Ischia form a ventral symphysis.

Examples: Darwin’s Rhea, (Pteroncemia pennata), and American ostrich
(Rhea americana)

Order: Casuariformes

1. Large terrestrial flightless birds.
2. Head bears a comb-like structure.
3. Neck and body are densly feathered.
4. Feathers with aftershaft.
5. Fore-limbs are greatly reduced.
6. Three toes with typical claws on each foot are present.
7. Sternum without keel.

Examples: Cassowaries (Casurius) of Australia and New Guinea and
Emus (Dromaius novaehollandiae) of New Zealand.

Order: Apterygiformes

1. Flightless terrestrial birds.
2. Feathers simple, hair-like or bristle-like. Feathers without aftershaft.
3. Wings are vestigial.
4. The beak is long and slender with nostrils at top of the maxillae.
5. Long legs with four toes.
6. The eyes are small.
7. Sternum without keel.

Example: Kiwi (Apteryx) of New Zealand.

Order: Dinornithiformes

1. Giant flightless terrestrial birds, became extinct nearly 700 years ago.
2. Feathers with large aftershaft.
3. Reduced fore-limbs. Hind-limbs massive with 3 or 4 toes.
4. Beak short and massive.
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5. Reduced sternum without keel.
6. Pectoral girdle completely absent.

Example: Moas (Dinornis maximus) of New Zealand.

Order: Aepyornithiformes

1. Flightless terrestrial extinct elephant-bird recently became extinct.
2. Long powerful legs with 4 toes.
3. Wings are vestigial.
4. Sternum is without keel.

Examples: Aepyornistitan, Mulleornis.

Order: Tinamiformes

1. Small terrestrial birds, cursorial with poor power of flight.
2. Wings well developed but essentially great runners.
3. Tail feathers and pygostyle are reduced.
4. Sternum keeled.

Examples: Tinamou (Tinamus), Eudremia.

Super Order: Impennae

1. Modern aquatic birds.
2. Flightless birds.
3. Adapted to aquatic life.
4. Feet are webbed.
5. Feathers small, scale-like.
6. Wings paddle-like.

It includes only one order. Order Sphenisciformes.
Example: Penguins (Aptenodytes) of Southern Hemisphere.

Super Order: Carinatae or Neognathae

1. Mostly modern, distributed all over the world.
2. Usually small-sized flying birds with well-developed wings.
3. Feathers with interlocking mechanism.
4. Skull is neognathous, that is, vomer is short allowing palatines to meet.
5. Skull sutures disappear very early.
6. Pterylae are regular.
7. Sternum keeled.
8. Quadrate is double-headed.
9. Uncinate processes are present.

10. Teeth absent, beak present.
11. Rectrices (tail-feathers) present and arranged regularly.
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12. Oil gland is present.
13. Pygostyle present. Scapula and coracoid meet at a right angle or acute

angle.
14. Pectoral muscles are large.
15. Clavicles are well-developed.
16. Flight muscles are well-developed.
17. Young are altricious. Male has no copulatory organ.

Super order carinatae includes twenty two (22) orders. These are as given
below:

Group (A) Arboreal Birds

Order: Passeriformes

1. This is the largest of all the bird orders including half the known species.
2. Three toes are in front and one behind.
3. Feet are adapted for perching, while beaks are adapted for cutting.

Examples: Common house sparrow (Passer domesticus), common house
crows (Corvus splendens), common myna (Acridotheres tristis), weaver bird
(Ploceus Philippines), bulbul (Molpestes); starling (Sturnus) etc.

Order: Piciformes

1. Beak is strong, chisel-shaped.
2. Tongue is long, flat horny and protrusible.
3. Tail feathers are stiff with pointed tips.
4. Insectivorous. Bores holes in trees.
5. Two toes in front and are behind, not reversible.

Examples: Wood pecker (Picus), yellow wood pecker (Dendrocopos),
golden beak wood pecker (Dinopium).

Order: Columbiformes

1. Skin thick and soft.
2. Bill or beak  is short and slender.
3. Crop is large and secretes ‘pigeon milk’ to feed young ones.
4. Graminivours and frugivorous.

Examples: Blue rock pigeon (Columba livia), doves and extinct dodo
(Raphus).

Order: Psittaciformes

1. Feathers are green, blue, yellow or red.
2. Two toes in front and two behind.
3. Strongly bent beak, fleshy tongue. Upper jaw is movable articulated

with the cranium.
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4. Frugivorous birds.
Examples: Large Indian Parakeet (Psittacula eupatria), green parrot (P.

krameri) etc.

Group (B) Terrestrial Birds

Order: Galliformes

1. Terrestrial game birds with short and powerful flight.
2. Feet are adapted for perching.
4. Feather with aftershaft.
5. Bill is short.
6. Graminivorous.

Examples: Peacock (Pavo cristatus), red jungle fowl (Gallus), quail
(Cotrunix) and pheasants (Phasianus).

Order: Cuculiformes

1. Two toes in front and two toes behind.
2. Feet not adapted for grasping.
3. Tail long and beak moderate.
4. Many cuckoos are parasitic, the female lays eggs in the nest of crows.

Examples: Cuckoo (Cuculs canorus), koel (Eudynamis scolopaceous)
etc.

Group (C) Swimming and Diving Birds

Order: Anseriformes

1. Tail is usually short consisting of many feathers.
2. Aquatic, anterior toes are webbed.
3. Body is also covered with soft cornified epidermis.
4. Beak is also broad and depressed, and is covered with soft cornified

epidermis.
5. Tongue is fleshy.

Examples: Swan (Cygnus), goose (Anser) etc.

Order: Coraciiformes

1. Long keeled angular beak.
2. Beak is strong.
3. Anterior toes are united and are adapted for diving.
4. Legs are short.
5. Fish catchers.

Examples: Pied kingfishers (Ceryle), white-breasted kingfisher
(Halcyon) horn- bills (Tochus), hoopoe (Upupa) etc.
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Order: Gaviiformes

1. Marine birds with webbed feet.
2. Legs are short and at the end of the body.
3. Powerful in flight.
4. Tail comprises 18-20 short stiff-feathers.

Example: Loons (Gavia)

Order: Colymbiformes or Podicipediformes

1. Freshwater divers.
2. Legs are placed far back on the body.
3. Tail comprises a tuft of down feathers.
4. Tarsus is compressed.

Examples: Podicipes and Podilymbus

Order: Procellariformes

1. Birds with great power of flight.
2. Skull with large nasal glands.
3. Toes are webbed.
4. Feathers compact and oily in texture.
5. Wings are long and narrow.
6. Stictly marine, nest usually on islands.

Examples: Albatrosses (Diomedea), Petrels (Procellaria) etc.

Order: Pelcaniformes

1. Aquatic birds with webbed toes.
2. Piscivorous i.e., fish-eater.
3. Nostrils are vestigial or absent.
4. Presence of gular pouch on the throat.
5. Beaks are long with wide gaps for catching and swallowing the prey.

Examples: Pelicans (Pelecanus), Indian darter (Anhinga)

Group (D) Shore Birds and Wading Birds

Order: Charadriiformes

1. Shore dwelling aquatic birds.
2. Fore- and hind-limbs are slender and enormously elongated.
3. Toes are webbed at base.
4. Mud probing beaks.
5. Feathers are dense and firm.

Examples: Sand piper (Tringa glariola), gull (Larus), curlew
(Numenius)
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Order: Ciconiiformes

1. Large birds with long neck and long legs.
2. Feathers are decorative.
3. Feet are webbed type.
4. Beaks abruptly decurved.

Examples: Cattle egret (Bubulcus ibis), heron (Ardea herodias), stork
(Ciconia) flamingo (Phonicopterus)

Order: Gruiformes

1. Marshy birds with heavy beaks.
2. Legs and toes are long and partly webbed.
3. Feathers with aftershaft.

Examples: Saras crane (Antegone antegone), bastard (Choriotis),
common coot (Fulica atra).

Group (E) Birds of Prey

Order: Falconiformes

1. Carnivorous birds.
2. Mandibles are sharp edged.
3. Curved beak which is hooked at the tip.
4. Diurnal and strong fliers.
5. Toes are powerfully clawed and feet are modified for perching.

Examples: Eagle (Aquila), hawk (Falco), vultures (Sarcogyps), kite
(Milvus migrans).

Orders: Strigiformes

1. Nocturnal in habit.
2. Head large and rounded.
3. Strongly hooked beak is bent downwardly from base.
4. Ear opening large, often with flap-like cover.
5. Eyes are large directed forward and surrounded by a circle of stiff-

feathers.
Examples: Great horned owl (Bobo bubo), brown fish owl (Ketupa

zeylonesis)

Group (F) Aerial Birds

Order: Micropodiformes or Apodiformes

1. Usually small birds.
2. Wings are large and legs are short.
3. Beak is long and oval-shaped.
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4. Insectivorous.
Examples: Indian swifts (Micropodus), palm swifts (Cypsiurus) and

humming birds.

Order: Caprimulgiforemes
1. Nocturnal and insectivorous.
2. Beak is short, flat and triangular often beset with stiff bristles.
3. Mouth is wide and margined with long bristle-like sensory feathers.
4. Feathers are soft.
5. Legs and feet small and weak, not adapted for grasping.

Examples: Night hawks (Chordeilies), goat suckers (Caprimulgus).

Check Your Progress

28. What are the main characters of subclass Archaeornithes?
29. Which types of birds are included in super order Ratitae?
30. What are the characteristic features of Aves?
31. Name atleast five arboreal birds.

1.10 CLASS: MAMMALS

Primitive mammals evolved during Triassic period of Mesozoic era along
with the dinosaurs, and diversified to form a variety of mammals in coenozoic
era which is also called the Age of mammals.

1.10.1 Subclass: Prototheria
1. Oviparous mammals, found in Australia, Islands of Tasmania and New

Guinea.
2. The eggs are provided with large amount of yolk.
3. Mammary glands without nipples or teats.
4. The coracoid and precoracoid are well developed in pectoral girdle.
5. The epiphyses are absent or poorly developed.
6. Corpus callosum is absent or poorly developed in brain.
7. Pinna is absent and cochlea is very simple, not spirally coiled.
8. Epipubic bone is present in pelvic girdle.
9. Cloaca is present.

10. The testes are abdominal and serotum is absent.
11. The posterior parts of the oviducts do not fuse to form the uterus and

vagina.
12. There is no uterine gestation.
13. They are not fully homiothermous i.e. unable to keep body temperature

constant.
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Subclass Prototheria is divided into three orders.
Triconodonta
Symmetrodonta, and
Monotremata.

Order: Triconodonta

1. Extinct and recorded from upper Triassic to the lower Cretaceous.
2. They were small in size with a very small brain comparatively.

Examples: Tricodon, Priacodon.

Order: Symmetrodonta

1. Extinct. They were found from the beginning of the Jurassic to middle
Cretaceous.
Example: Peralestes.

Order: Monotremata

1. The general characters are same as that of its subclass.
2. This class includes two families: Ornithorhynchidae and Echidnidae.

Examples: Echidna (Spiny ant-eater) and Ornithorhynchus (the duck-
billed platypus).

1.10.2 Subclass: Allotheria
1. They were small mammals of late Jurassic until Eocene, found in South

Africa and central Europe.
2. Skull was characterized by possessing rodent like incisors.
3. The molar teeth had two or three longitudinal rows of tubercles with 2-

5 cusps in each row.
4. Canines were absent. One lower and three upper incisors were present.
5. They were herbivores.

Only one order Multituberculata
Examples: Plagianlax, Ctenacodon.

1.10.3 Subclass: Theria
It includes some extinct forms and all the modern mammals.

1. Viviparous mammals i.e. give birth to young ones.
2. Ears with external ears or pinnae.
3. Teeth found in both adults and young ones.
4. Mammary glands with nipples or teats.
5. Each oviduct in female differentiated into upper fallopian tube and lower

uterine part.
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Subclass Theria is divided into three infra-classes.
Pantotheria
Metatheria, and
Eutheria.

Infra-class: Pantotheria

1. Includes all the extinct forms of Mesozoic era.
It is divided into two orders.

Order: Dryolestoidea

1. They occured in Jurassic period.
2. Jaws were very small reaching to a maximum of 4 cms.

Example: Amphitherium.

Order: Docodonta

1. They occured in late Jurassic period.
2. They resemble Dryolestoidea except in arrangement and structure of

teeth.
Example: Docodon.

Infra-class: Metatheria
1. Well developed marsupium or brood pouch is present in females.
2. Pinna is present and cochlea is much coiled.
3. Mammary glands are sebaceous and present in marsupial pouch.
4. Epipubic bones or marsupial bones are usually present and attached with

the pubis. It supports the marsupium.
5. Numbered of teeth is 44. They are the only mammals having more than

three incisors on each side.
6. Ribs are double headed.
7. Corpus callosum poorly developed or absent.
8. Double vagina in females and bifid penis in males.
9. Ovoviviparous, young ones are born prematurely after very short gestation

and after birth, young ones usually get matured in marsupial pouch.
10. Cloaca is present but it is not completely developed.
11. Yolk sac placenta is developed.

Infra-class Metatheria is divided into single order.

Order: Marsupialia

1. Incisor teeth 4-5 in upper jaw but their number is less in lower jaw.
Examples: Macropus (Kangaroo), Parameles (Bandicoot), Didelphis

(Opposum), Phascolarctus or Australian Teddy Bear, Didelphys (Opossum),
Motoryctes (marsupial mole), Macropus (Kangaroo), Petaurus (flying    opossum).
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Infra-class: Eutheria
1. Marsupial pouch is absent and the epipubic bone is also absent in pelvic

girdle.
2. Mammary glands with well developed teats or nipples.
3. Pinna or external ear is present.
4. Cloaca is absent, hence anus and urinogenital apertures are separate.
5. Corpus callosum is well-developed in brain.
6. Single vagina and penis.
7. Testes are extra-abdominal, contained in scrotal sacs.
8. Eggs are small with least amount of yolk (microlecithal).
9. Viviparous with allantoic placenta. The young ones are born in advanced

stage, as there is a long gestation. Due to the presence of a typical
placenta, eutherians are called placental mammals.
Eutheria is divided into following orders

Order: Primates
1. Generally arboreal mammals.
2. They are plantigrade and have long limbs, each bearing 5-digits protected

by nails.
3. The first digit of each limb (pollex and hallux) can be brought opposite

the remaining digits to make hands and feet grasping organs.
4. Orbits are directed forward and surrounded by bony rings.
5. Clavicles are present.
6. The femur without third trochanter.
7. The cerebral hemisphere are large and highly convoluted, and completely

or incompletely cover the cerebellum.
Examples: Nycticelrus (lemur), Lemur, Loris and Chiromys (Ayeaye),

Tarsius, Macca (Rhesus monkey), Perebytes (Langur), Pongo (Orang utan),
Pan (Chimpanzee), Gorilla and Homo (Man), Callithrix (Marmoset), and
Ateles (Spider monkey).

Order: Dermoptera
1. They are nocturnal, arboreal and herbivores.
2. All the limbs are of equal size.
3. A fold of skin extending along either side of body from neck to tail and

enclosing the limbs called patagia remain present.
4. They only glide from branch to branch and do not fly.

Example: Galeopithecus (Flying lemur).

Order: Insectivora

1. The most primitive eutherians from which all other placental mammals
have evolved.
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2. Small sized, mostly nocturnal with elongated snout and teeth adapted for
insectivorous diet.

3. Skin usually covered with soft fur, but sometimes with spines.
4. Numerous mammary glands all along the ventral surface with teats.
5. Tympanic bulla and zygomatic arch absent.
6. The testes are in guinal and not in scrotum.
7. Give multiple births.
8. The placenta is discoidal and deciduate.

Examples: Erinaceus (Hedge-hog), Talpa (Mole), Hemeichinus (Indian
hedge-hog), Shrews (sorex).

Order: Chiroptera

1. Small to large sized mammals.
2. The external ear or pinna is large and the sense of hearing is very acute.
3. Only mammals with true flight. The organs of flight are lateral extensions

of the skin, the patagia supported by the fore-limbs.
4. Keeled sternum for attachment of powerful flight muscles.
5. Eyes are small and the sense of sight is very weak.
6. Testes are abdominal.
7. Echo-location is greatly developed.
8. Mammary glands are thoracic.
9. They produce only one or sometimes two young ones.

10. The placenta is discoidal and haemochorial.
Example: Pteropus (flying fox), Scotophilus (the small bat), Rhinolophus

(Horse shoe bat), Indian vampire (Magadevura).

Order: Edentata

1. Teeth present or absent, if present only premolars and molars. Incisors
and canines are absent.

2. Feet have well developed claws.
3. Testes are abdominal.
4. Clavicle is present.
5. Coracoid unites with acromian.
6. Extra articulating surfaces between the lumbar vertebrae.

Examples: Myremacophaga (ant eater) and Bradypus (sloth), Dasypus
(armadillo), and Taturia.

Order: Pholidota

1. Nocturnal and burrowing in habit, sometimes climb trees.
2. Body covered by large over-lapping horny scales.
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3. Hairs are found between scales.
4. The snout is elongated, teeth are absent.
5. Tongue is long, sticky and protrusible.
6. Claws are very large.
7. Pinnae are reduced.
8. The placenta is diffused and non-deciduate.

Example: Manis (Pangolin or scaly ant eater).

Order: Lagomorpha

1. Includes rabbit and hares.
2. The pinnae are large.
3. Two pairs of incisors in the upper jaw, but canines are absent.
4. Strongly built hind limbs for leaping.
5. Tibia fused with fibula.
6. Soles of feet are hairy.

Examples: Lepus (Hare), Oryctolagus (Rabbit).

Order: Rodentia

1. Usually small sized mammals.
2. Limbs with five toes and claws.
3. The canine teeth are absent. The incisors are long and sharp. The space

between canines and premolars is called diastema.
4. Testes are usually abdominal.
5. Many teats are present. Several young ones are produced at a time.
6. In porcupine, the hairs are modified into spines.

Examples: Funambulus (Squirrel), Mus (House mouse), Rattus (House
rat), and Hystrix (Porcupine).

Order: Cetacea

1. Medium sized to very large sized aquatic and carnivorous mammals.
2. Body is spindle shaped and fish like.
3. Head long and pointed without neck.
4. Hairs are reduced in adults, only few bristles on the snout.
5. Eyes and ear openings are minute.
6. Nostrils are placed on the top of head.
7. Forelimbs are modified into paddles, digits without claws and are

enclosed in a common integument.
8. Hind limbs are absent.
9. Tail is long, ending in two broad transverse fleshy notched in the mid-

line.
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10. A thick layer of fat called blubber is present beneath the skin.
11. Bones of skull are spongy and contain fat.
12. Stomach consists of 3 or 4 chambers.
13. Testes are abdominal in position.
14. Teeth are often lost.

Examples: Dolphins, Whales.

Order: Carnivora
1. They are very powerful, flesh eaters.
2. Jaws are strong. Their teeth are adapted for tearing and cutting the flesh.

Three incisors are present. Canines are large and pointed. Premolars have
sharp cutting edges.

3. The digits are never less than four and are clawed.
4. Clavicles are incomplete or absent.
5. Mammae are abdominal.
6. Testes enclosed in scrotal sacs.
7. Tympanic bulla large and rounded.

Examples: Panthraleo (Lion), Panthra tigris (Tiger), Prionalurus
(Leopard), Vulpus (Fox), Canis (Wolf), Herpestes (Mangoose), Phoca (Seal),
Trichecus (Walrus).

Order: Tubulindentata

1. They are shy and nocturnal animals living in burrows.
2. Body stout, somewhat pig like.
3. They are ant eaters with slender snout and long protrusible tongue.
4. The skin is thick and covered with sparse hairs.
5. Pinnae are long, erect and pointed.
6. Milk teeth numerous but permanent teeth are few.

Example: Orycteropus.

Order: Hyracoidea
1. Small rabbit like animal, and body covered by fur.
2. Herbivorous, and found in Africa.
3. Four digits in fore limbs, and three digits in hind limbs.
4. Clavicles are absent.
5. Testes are abdominal.
6. Six pairs of mammae or mammary glands, four pairs inguinal and two

pairs axillary.
7. Placenta is zonary.
8. They show affinities with rodents and ungulates.

Example: Hyrua Dendro hyrax.
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Order: Proboscidea
1. This group includes large sized, terrestrial animals.
2. Skin is thick and covered with sparse hairs.
3. Head is large with a long prehensile proboscis. Nostrils are placed at the tip

of proboscis.
4. Five functional digits are present on each fore and hind limbs. The limbs are

massive pillar like.
5. The incisor teeth of upper jaw are greatly elongated and form the tusks.
6. Molars are lophodont and canines are absent.
7. Clavicles are absent.
8. Digits are short, stout having a hoof and embedded in skin.
9. Skull are abdominal.

10. Testes are abdominal.
11. Two pectoral mammae.

Example: Elephas (Elephant).

Order: Sirenia

1. Sirenia includes marine forms which are commonly known as sea-cows.
Herbivorous.

2. Body is stream-lined, short necked and thick skinned without hairs.
3. Pinnae are absent.
4. Fore limbs are modified into paddles for swimming, and hind limbs are

absent.
5. Tail possesses caudal fin.
6. Clavicles are absent.
7. Testes are abdominal.
8. Nostrils are on the upper surface of the snout.

Example: Halicore (Dugong), Trichechus (Manatees).

Order: Perissodactyla
1. Large sized, hoofed mammals.
2. The middle digit is well developed and carries most of the weight of

the body.
3. Teeth are lophodont having enamel ridges.
4. Dorso-lumbar vertebrae are 23 in number.
5. Mammae are inguinal.

Examples: Equus (Horse), Zebra, Rhinoceros.

Order: Artiodactyla
1. Herbivorous, terrestrial or semi-aquatic large-sized mammals.
2. Fore and hind limbs bear two, rarely four digits.
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3. Teeth are bunodont or solenodont.
4. Dorso-lumbar vertebrae are 19 in number.
5. Stomach is simple.
6. Some of them have horns on their heads.

Examples: Sus (Pig), Hippopotamus, Camelus (Camel), Lamas, Axis axis
(Cheetal), Moschusmoschiferous (Musk deer), Giraffe, Bos indicus (Cow),
Ovis (Sheep), Capra (Goat), Antelope, etc.

Check Your Progress

32. What are the characteristic features of mammals?
33. Which type of mammals are included in prototheria?
34. What are the features of mammalian skin?
35. Name atleast four primates.

1.11 ANSWERS TO ‘CHECK YOUR
PROGRESS’

1. Chordate may or may not provided with brain box whereas vertebrates
are always provided with brain box.

2. Coelenterate theory, Nemertine theory, Annelid theory, Arachnoid
theory, Echinoderm theory and Neotenous larval theory.

3. Cerebral ganglion, proboscis skeleton, radial symmetry.
4. Chordates are the organisms having notochord at any stage of their

life.
5. There are about 49000 species of chordates.
6. Chordates are mainly divided into protochordata and euchordata.
7. Animals without jaws are agnatha.
8. Protochordates are the primitive chordates with brain box.
9. Rhabdopleura and Cephalodiscus.

10. Occurrence of chordate features in tail.
11. Tornaria, tadpole and gastrula larva.
12. The characteristic feature of agnatha is the absence of jaws.
13. Ostracoderms.
14. Lamphredin.
15. Myxine is a carnivorous agnathan.
16. Poikilothermy means cold blooded - the fish capable of changing the

body temperature.
17. The branch of science that deals with the study of fishes.
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18. It is the balancing system present inaddition to the internal ear.
19. Scoliodon electric ray.
20. Animals with three chambered heart capable of living both in water and on

land as well.
21. Ureotyphlus and Ichthyophis.
22. A vertebra whose centrum has convex surface at the anterior side and

concave posteriorly is called opisthocoelus.
23. Proteus and Necturus.
24. Reptiles are the creeping chordates.
25. Reptilian skin is dry, scaly and without cutaneous glands.
26. Pleurodont teeth are homodont and polyphyodont.
27. In procoelous vertebrae centrum is concave anteriorly and convex

posteriorly.
28. Birds with primitive wings, teeth or both the jaws, sternum without

keel and long tail with free candal.
29. This group includes modern large sized flightless birds.
30. Birds are characterized by feathered wings, toothless beak, perching

ability and sternal keel.
31. Common myna, house crow, weaver bird, house sparrow and parrot,

are the aboreal birds.
32. Mammary glands, external pinna, hair and diaphragm.
33. Mammals laying large polylecithal eggs like birds and reptiles.
34. Mammalian skin is moist, oily and provided with hair, nails, claws or

horns.
35. Monkey, orangutan, gorilla, chimpanzee are the primates.

1.12 SUMMARY

Chordates have undoubtedly originated from invertebrates. Some chordates
have definite brain box and some without brain box. Similarly some vertebrates
are lacking jaws (agnatha) but most of them have jaws. Various theories:
(Coelenterate, Nemertine, Annelid, Arachnoid, Echnoderm) have been gives
to explain the origin of chordates. On the basis of similarities and differences
chordates are first divided into protochordates and vertebrates. Protochordates
are further divided into hemi, uro and cephalochordates. Similarly vertebrates
are first divided into agnatha and gnatha. Pices, Amphibians, Reptiles, Aves
and Mammals are the main divisions of gnatha.
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1.13 KEY TERMS

Gynecomastia characters: Some animals develop functional female
characters in male and the stage is called gynecomastia.
Retrogressive metamorphosis: In some animals during development
(metamorphosis) higher characters disappear and the lower characters
persist in higher forms.
Sanguivorous animals: Animal like Lamprey is capable of sucking blood
and is also provided with anticoagulant.

1.14 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Name the chordate without cranium.
2. The larva of Balanoglossus is called ............... .
3. In which period the origin of first vertebrate took place?
4. Reptilian skin is dry and scaly, however, provided with glands like

.............. .
Long Answer Questions

1. Describe the origin of chordates.
2. Discuss the main features of protochordates.
3. Explain the agnathan characters.
4. Write an assay on the Avian classification.
5. Mention all mammalian features and classify with examples.

1.15 FURTHER READING

1. Benton, Michael J. (2014), Vertebrate Palaeonology.
2. Cower, R. (2000), Histology of Life (3rd ed.).
3. Hollard, N.D. (Nov.2005), Chordates.
4. Ruppert, E. (Jan 2005), Key characters uniting Hemichordates and

Chordates, Homologies or Homoplasies.
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CHAPTER 2 UROCHORDATA

Structure
2.0 Introduction
2.1 Objectives
2.2 Morphology

2.2.1 Orientation
2.2.2 Tunic or Test
2.2.3 Body Wall or Mantle
2.2.4 General Anatomy
2.2.5 Coelom and Atrium

2.3 Digestive System
2.3.1 Alimentary Canal
2.3.2 Digestive Glands

2.4 Respiratory System
2.5 Blood Vascular System

2.5.1 Heart and Pericardium
2.5.2 Blood Vessels
2.5.3 Blood

2.6 Neural Complex
2.6.1 Nervous System
2.6.2 Sense Organ

2.7 Excretory System
2.8 Reproductive System

2.8.1 Gonads
2.8.2 Gonoducts
2.8.3 Gametes

2.9 Answers to ‘Check Your Progress’
2.10 Summary
2.11 Key Terms
2.12 Self-Assessment Questions and Exercises
2.13 Further Reading

2.0 INTRODUCTION

The name Herdmania was given by Lahille (1888). It is a simple ascidian and
commonly known as ‘sea squirt’ or ‘sea-potato’. There are about 12 species
of Herdmania but only four occur in the Indian ocean. These are H. pallida.
H. ceylonica, H. mauritiana and H. ennurensis.

The animal is roughly oblong or may be slightly elongated. It is laterally
compressed. Its size varies between 8-13 cm in length and 6-8 cm in breadth,
and thickness is about 4 cm. It is pink in colour in living condition but in
preserved condition its colour may be yellowish, greyish or brownish white.

2.1 OBJECTIVES

After going through this chapter, you will be able to:
Describe the sedentary forms of chordates.
Morphology and anatomy of Herdmania
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Know various body organs present in the body of Herdmania
Discuss the unique type of heart and its blood circulation

2.2 MORPHOLOGY

The body of the animal is encased within a thick protective test or tunic. It is
divided into a broad trunk and a foot. The foot is concave ventrally and attached
to the substratum. Numerous foreign particles like stones, shell of molluscs,
appendages of crustaceans, barnacles etc. are embedded in the foot. At the
free upper margin of test there are two proturbances called branchial and
atrial siphons each bearing a large opening the branchial aperture and
atrial aperture respectively. The branchial aperture is larger measuring 2 cm
in diameter while the atrial aperture is smaller measuring 1.5 cm in diameter.
Each aperture is guarded by four small lobe-like projectionsof test called
lips. The body is covered by a protective test which is usually opaque measuring
2-3 mm in thickness.

Fig. 2.1: Herdmania pallida.

2.2.1 Orientation
The branchial aperture markes the anterior end of the animal and the lower
end, diagonally opposite to it, is the posterior end. The atrial siphon marks
the dorsal side of the animal and opposite to it is ventral side.

2.2.2 Tunic or Test
Body is convered by a thick, soft, leathry and translucent covering known as
the test. The test is secreted by the ectoderm of mantle. It is wrinkled in
appearance with a number of folds and depressions running all over the surface.
The inner surface is smooth and shining. It wears off continuously from the
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outer surface and replaced from inside by the epidermis of mantle. The entire foot
is made up of test only.

Fig. 2.2: Herdmania. Various Types of Cells Found in the Test.

Functions of the test. These are as follows:
It gives a definit shape to the body.
It protects the internal organs from injury.
The vascular ampullae help in exchange fo gases.
Vascular ampullae are sensitive in function.
The spicules provide an internal rigid supporting framework like endoskeleton
keeps the mantle firmly fixed to the test.

2.2.3 Body Wall or Mantle
The body wall of Herdmania is known as mantle. It secretes the test and
attached to latter only at the branchial and atrial apertures where it forms
branchial and atrial siphons. It is very thick, opaque and highly muscular in
anterio-dorsal region while thin, transparent and practically non-muscular in
the ventro-posterior region of the body, through which the viscera (internal
organs) can be seen easily.

The mantle is made up of three layers:
Outer epidermis. It consists of single layer of hexagonal cells that
secrete the test. The cells are pink or red in the region of muscle,
base of siphon, intersiphonal region due to certain pigments. It is
interrupted in the region where blood vessels are given out to the
test or spicules from test entering the mantle.
Mesenchyme. It is made up of connective tissue, blood vessels,
muscle fibres, nerve fibres etc. and it lies below the outer epidermis.
The muscles are unstriped and are best developed in the siphonal
region, where they are found in three sets. The annular muscles
surround each siphon in several circular rings. They cause contraction
of siphons. The longitudinal muscles start from branchial and atrial
apertures and radiate beneath the annular muscles upto the middle of
body on each side. They help in the contraction of body. Besides
annular and longitudinal muscles each siphon has strong circular
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muscles called sphincter muscles and certain brachio-atrial muscles
extending deeper between the two siphons.
Inner epidermis. It forms the inner lining of mantle. It consists of
flatenned squamous epithelium resembling those of the outer
ectodermal layer.

2.2.4 General Anatomy
The body of Herdmania can be divided into two parts, the body proper and
the foot. All the soft parts of body remain in body proper or trunk. the foot is
entirely made up of the test only. On the removal of test the body organs can
be seen through transparent mantle. When the body is examined from the
side, the following structures can be seen:

Two projecting siphons with their annular and longitudinal muscles.
Intestine forming a wide loop.
Left lobe of liver appears as chocolate coloured body.
A lobulated pinkish mass of left gonad seen in the loop of intestine.
Opaque rod like endostyle along ventral margin of pharynx.

When the body is examined from right side following structure can be
seen:

Neural gland in the inter-siphonal region forming an elevated area.
Pericardium looks like a transparent crescentric tube in which heart
is located.
Right lobe of liver forms a chocolate coloured more or less oval
mass near anterior of pericardium.
Right lobe of gonads, pinkish in colour close to the line of insertion
of longitudinal muscles.
The endostyle.

2.2.5 Coelom and Atrium
The true coelom is underdeveloped. The pericardial cavity surrounding the
heart represents the coelom. A considerable part of viscera lies into a cavity
formed of ectoderm and is known as atrium. It opens externally at the atrial
aperture and is continuous throughout the body except in the anterior and
mid-ventral part, where branchial sac is fused with body wall. Its median
dorsal part is known as cloaca where rectum and genital ducts empty their
contents. The remaining part surrounding the branchial sac or pharynx from
the sides is called the peribranchial cavity.

Check Your Progress

1. What are the functions of test?
2. Name the part of body made up of test only and devoid of soft body

organs.
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2.3 DIGESTIVE SYSTEM

The digestive system includes the alimentary canal and digestive glands.

2.3.1 Alimentary Canal
The alimentary canal is complete and coiled. It is divisible into four zones:

Ingressive zone – comprising mouth and buccal cavity.
Progressive zone – includes pharynx, oesophagus and stomach.
Degressive zone – includes intestine.
Egressive zone – comprises the rectum.

Ingressive Zone

Mouth. The mouth or branchial aperture lies on the top of branchial siphon. It is
bordered by four lips formed by the test. These lips are contractile in nature.
Mouth leads into buccal cavity.

Buccal Cavity. The buccal cavity lies in the branchial siphon. It is lined
with the ectoderm and test. At the base of buccal cavity lies a strong branchial
sphincter. Just above the sphincter lies the circlet of highly branched branchial
tentacles.

Fig. 2.3: Herdmania. Alimentary Canal (Displaced).

The tentacldes are about 64 in number and are of four size, 8 are medium,
16 are small and 32 are smallest. Each tentacle is bipinnately branched, bearing
several symmetrically paired lateral branches called tentaculets. Each
tentaculet bears secondary and tertiary branches. Each tentacle has a thin
covering of a single layered epithelium enclosing a core of connective tissue
containing nerve fibrils and blood sinuses. The epithelial cells of the lower,
concave border are glandular. Tentacles working as sieve and straining the
water current passing into branchial sac. They also taste the quality of water
thus act as chaemoreceptor. It leads into pharynx.
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Progressive Zone

Pharynx. The pharynx is large sac-like structure and occupies the major part of
atrial cavity. It is differentiated into two very unequal zones: (a) Prebranchial zone
and (b) Branchial sac.

Prebranchial zone. It is a small anterior region just behind the branchial
sphincter. It is demarcated from the branchial sac by two circular, parallel
ciliated ridges called anterior and posterior peripharyngeal bands.
Between the bands there is a narrow ciliated groove called peripharyn-
geal groove.  The anterior peripharyngeal band is a complete ring while
the posterior peripharyngeal band is incomplete, dorsally it is continuous
with dorsal lamina or hyperpharyngeal groove of branchial sac and
ventrally with endostyle. Just above the anterior peripharyngeal band
on dorsal side there lies a swollen horse-shoe shaped structure, the
dorsal tubercle.
Branchial sac. It is a large specious structure. Its lateral wall are
perforated by numerous elongated gill-slits or stigmata. There are about
200,000 stigmata on each side of branchial sac. The stigmata establish
a communication between pharynx and the atrial cavity. The stigmata
are arranged in several transverse rows. The epithelial lining of the
stigmata bears long cilia, called lateral cilia. They almost cover the
stigmata, so that food particles do not escape through them. Between
the stigmata are external transverse and internal transverse and
internal longitudinal vessels through which blood flows. These vessels
divide the pharyngeal wall into squarish or rectangular stimataic areas.
Each area has 5-6 stigmata. Besides the transverse and longitudinal
vessels, there are interstigmatic transverse and longitudinal vessels.
These are fine vessels.
The inner surface of each lateral wall of branchial sac is raised into 9 or

10 prominent crescentric longitudinal folds. Each fold bears numerous holow
paillae. These fold starting from behind the posterior peripharyngeal band
extending dorsally upto the area which surround the opening of the
oesophagus. The entire inner surface of branchial sac bears cilia. These cilia
are shorter than frontal cilia. The outer wall of branchial sac is connected to
the mantle by several hollow strands, called trabeculae, each containing a
blood vessel.

On the ventral side, there is a mid-ventral longitudinal groove, the
endostyle or hypobranchial groove. It starts from the ventral margin of the
posterior peripharyngeal band running ventrally and terminating into a pit, short
distance from the oesophageal opening on the dorsal side, but its wall extend
upto the oesophageal opening as the retropharyngeal bands. The endostyle
is lined with five longitudinal tracts of ciliated cells alternating with four
longitudinal strips of non-ciliated cells (these tracts are glandular and secrete
mucous). The cilia of the median tract are much longer than other cilia.

On the dorsal side, a thin flap called hyperpharyngeal band or dorsal
lamina hangs in the branchial sac. Anteriorly it starts from the posterior
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peripharyngeal band and extends posteriorly upto the right lip of oesophageal
opening. The dorsal lamina bears a row of 20-30 ciliated tongue-like structures
called languets. in living animal the languets are turn on right side forming a
sort or gutter. The posterior most region of branchial sac has a small, circular
oesophageal area behind the dorsal lamina. It is devoid of longitudinal folds
and stigmata but has two semicircular lips guarding the oesophageal opening.

Oesophagus. The branchial sac posteriorly opens into the oesophagus.
It is short, thick and curved tube without stigmata. It bears four longitudinal
ciliated grooves on its inner surface for the passage of food.

Stomach. It is a wide, thin walled tube with almost smooth inner surface.
it bears sphincters at each end. It is surrounded on either side by left and right
lobes of liver.

Fig. 2.4: Herdmania. T.S. of the Stomach.

Degressive Zone
Intestine. The stomach passes into intestine which is a thin walled ‘U’ shaped
tube consisting of a proximal limb and a distal limb. The proximal limb runs
along the ventral side, than takes a sharp turn to dorsal side to become the
distal limb, leading into the rectum. The left gonad lodges between two limbs.

Egressive Zone

Rectum. It is the small terminal part of alimentary canal that curves dorsally
to open in the atrial cavity by the anus. The rectal lining is made up of flagellated
epithelium.

2.3.2 Digestive Glands
The liver and pyloric glands are the digestive glands which are associated
with alimentary canal.
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Liver. The liver of Herdmaina is a large chocolate coloured bilobed glands.
Its left lobe is larger and the right lobe is smaller. Both the lobes lie on either side of
stomach. Each lobe is made of a large number of tubules embedded in a connective
tissue matrix and contains blood sinuses. It secretes a dark yellowish-brown
secretion which is poured in the stomach by 10 or 11 fine ciliated hepatic ducts.
Each duct opens independently. The secretion contains amylase, protease and a
mild lipase enzymes.

Pyloric Gland. It consists of a large number of branching tubules in the
wall of stomach and intestine. The tubules of gland open into a ducts and a number
of ducts unite to form a single duct which opens into the middle of proximal limb of
intestine. Most probably this gland performs excretory function as well as pancreas
of higher vertebrates.

Check Your Progress

3. How many branchial tentacles are present in Herdmania?
4. Name the large chocolate coloured bilobed gland playing an

important role in digestion?

2.4 RESPIRATORY SYSTEM

The special respiratory organs are absent, entire branchial sac and the folds of
its inner wall serve as respiratory surface where exchange takes place between
the blood and dissolved oxygen in water current coming out through the
stigmata. The pharyngeal wall is highly vascular transversed by rich network
of blood vessels. Presence of the lacunae in the tissue of branchial sac and
hollow papillae facilitate the rapid exchange of the gases. The test also provides
a respiratory surface as it contains vascular ampullae and blood vessels.

Check Your Progress

5. Define the term respiration?
6. Describe the respiratory structures of Herdmania through which

exchange of gases takes place?

2.5 BLOOD VASCULAR SYSTEM

The circulatory system consists of heart and pericardium, blood vessels
and blood.

2.5.1 Heart and Pericardium
A contractile heart is situated in the pericardium. The pericardium is about 7
cm long and 3 mm wide. It is situated below the right gonad and is visible
through the mantle. It is closed at both the ends and its cavity remains filled
with a fluid having corpuscles like found in the blood. In the centre of
pericardial cavity there is a pear-shaped body. Which moves with the direction
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of blood since there is no valves in the heart to regulate it. The pericardium is thick
walled and is composed of connective tissue contains blood sinuses and internally
lines with squamous epithelium.

The heart is thin walled tubular and contractile structure lies in the
pericardial cavity. It remains attached throughout its whole length to the
pericardium with the help of a long flap. The heart is internally composed of
epithelium and externally by a striated muscular layer.

Fig. 2.5: Herdmania. (a) Pericardium and Heart, (b) Pericardium Cut Open to Show
Attachment of the Heart, (c) T.S. of Pericardium and Heart.

2.5.2 Blood Vessels
There are about four main blood vessels which simultaneously, once serves as the
arteries and at other movement these become the veins depending upon the direction
of blood flow.

Ventral Aorta. It is the largest vessel. Just after its emergence from the
ventral side of heart, it gives rise three branches: an anterior limb, a posterior
limb and ventral test vessel. The anterior limb runs forward and towards the
branchial siphon it unites with peripharyngeal vessel. Just near their junction
a short subtentacular vessel is given to siphon. Subtentacular vessel sends a
tentacular branch in each branchial tentacle and about 6-8 siphonal vessels
into the branchial siphon. The posterior limb, at its extrimity, gives off a small
vessel to the oesophagus. Both anterior and posterior limbs of ventral aorta
send numerous paired transverse branchial vessels in the branchial sac which
run transversely in between the rows of stigmata. Their number ranges between
40-56 pairs.
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Ventral aorta sends out blood into the test through a large ventral test
vessel which arises from the junction of ventral aorta and heart.

Dorsal Aorta. This is a large vessel as thick as the ventral aorta. It runs
to the dorsal wall of branchial sac just above the dorsal lamina. Anteriorly it
gives out a short neural vessel to the neural gland and a small branch to the
dorsal tubercle. After that it joins the peripharyngeal, sub-tentacular vessels
and 6-8 siphonal vessels. Posteriorly, it joins the branchio-visceral vessel. In
the middle region it sends transverse branchial vessels that joins similar vessels
coming from ventral aorta.

Branchio-visceral Vessel. The branchial and visceral vessels commonly
originate from the posterior end of dorsal aorta. It gives rise two branches:
(a) Right oesophageal vessels supplies the blood to the right oesophageal lip
and right liver lobe. (b) The ventro-intestinal vessel which runs along the
ventral wall of intestine and supplies to left lip of oesophagus, left lobe of
liver, stomach and intestine.

Cardio-visceral Vessel. It arises from the dorsal end of the heart. After
running for a short distance it gives rise following two vessels: (a) Hepatic
vessel to the right lobe of live and (b) Oesophagio-test vessel supplies to the
oesophagus, the test and mantle (middle part). The main cardio-visceral vessel
curves and takes a turn from right to left and gives of following branches:

Median dorsal branch. It goes straight to the base of atrial siphon
giving blood to atrial siphon and its tentacles where it forms a circular
sub-tentacular vessel that runs near the base of siphon and gives 6-8
siphonal vessels in the atrial siphon. Just near the heart the dorsal
branch gives off two more branches which supply blood to right gonad
as right gonadial vessel and to the left lip of oesophagus as left
oesophageal vessel.
The left gonadial branch. It is the main middle branch that passes
obliquely into the left gonad.
The ventral branch of cardio-visceral vessel. Soon after its origin,
the vessel gives rise two branches: (i) Dorso-intestinal branch. It runs
along the left lobe of liver and stomach and supply blood to them than
it proceeds towards the intestinal region and supplies blood to dorsal
side of intestine. (ii) The second vessel again ramified into two vessels
one goes in test as dorsal test and other to the stomach as gastric
vessel.

2.5.3 Blood
It is slightly reddish and almost transparent fluid. It contains eight types of
corpuscles:

Orange cells. These are spherical, non-nucleated, uniformly granular
and measures about 11 micra in diameter.
Signet cells. These are also spherical and non-nucleated. They contain
a large vacuole. Their average size is 10 micra.
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Green cells. These are also known as vanadocytes. They are spherical,
non-nucleated, yellowish green and contain about 5-6 vacuoles. The
cytoplasm is finely granular. They extract vanadium from sea-water.
Compartment cells. These are non-nucleated, light yellow cells. Numerous
vacuoles are present in cytoplasm.
Eosinophilous cells. They posses an excentric nucleus. The cytoplasm
contains brown granules.
Lymphocytes. These are oblong and smallest in size. They possess a
large centrally placed nucleus and measure about 4-5 micra.
Macrophages. These are coarsely granular amoeboid cells having blunt
pseudopodia.
Nephrocytes. These are vacuolated cells containing colloidal
suspensions.

Check Your Progress

7. Draw a labelled diagram showing circulation in Herdmania.
8. Describe the bidirectional flow of blood in the heart.

2.6 NEURAL COMPLEX

The nervous system, excretory system and associated receptor organs are
together called neural complex.

Fig. 2.6: Herdmania. (a) Neural Complex, (b) L.S. of Body Through Neural Complex.
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2.6.1 Nervous System
The nervous system is represented by a solid, elongated dorsal ganglion. It
lies between the branchial and atrial siphons formong the central nervous
system. It is pinkish in colour and almost equal to the neural gland. The
peripheral nervous system is represented by five slender nerves, three arising
from the anterior end two from the posterior end of the ganglion. The anterior
nerves supply to the branchial tentacles, branchial siphon and muscles. The
posterior nerves encircle the base of atrial siphon and supply nerves to the
muscles, epithelium of atrial siphon, test, gut and other viscera.

2.6.2 Sense Organ
The receptors are poorly developed in Herdmania. Following are the sensory
structures:

Tangoreceptors. These are modified cells which are present in the
nonvascular epidermal layer of test. They cover the ampullae, tentacles
and marginal cells of both the siphons.
Pigmented photoreceptors. These are bright red pigmented spots
present in the siphonal lining and are considered to be sensitive to light.
Olfactoreceptors. The tentacles are richly supplied with nerve fibres,
which are capable to taste the quality of water and size of food particles.
Rheoreceptors. According to Das these are present on the apical margin
of the siphons.
Thermoreceptors. Cell-lining the siphons are very sensitive to changes
in the temperature of water.
Dorsal tubercle. It is the second component of neural complex. It is
situated mid-dorsally in peribranchial region. It has a broad base and
two spirally coiled cones arise from the base. In each cone a spirally
coiled ciliated channel makes three coils. Channels of two sides meet at
the base. There is a funnel shaped shallow ciliated opening of neurel
gland in the centre. It is an olfactorious gustato-receptor as it tasts the
quality of water and small of water.

Check Your Progress

9. Define neural complex.
10. Name all the receptors present in Herdmania.

2.7 EXCRETORY SYSTEM

It is the third component of neural complex comprising neural gland. it is a
glandular mass of about the same size of nerve ganglion. It is brown and
elliptical structure and remains embedded in the mantle just above the nerve
ganglion. It contains some central tubules from which arise a few peripheral
tubules. The central tubules open into a non-ciliated canal whose anterior
part is funnel shaped and ciliated. The funnel opens into the dorsal part of
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branchial sac at the base of dorsal tubercle. The excretory cells infact are
nephrocytes of the blood. These cells are brown in colour and contain xanthine
and urate as excretory products. When these cells are filled with excretory
granules they pass into the lumen of neural gland.

Recently Das (1956) has shown that besides excretory function the
neural gland secretes a hormone. It is believed that this hormone stimulates
the egg-laying and also accelerates the rate of development and metamorphosis.
This hormone is similar to gonadotropin of higher vertebrate secreted by
pituitary. This confirms the view of Julin (1881) that the neural gland of
Herdmania is morphologically equivalent of the pitutary body of vertebrates.
This view is confirmed by the findings of Bacq and Florkin.

Check Your Progress

11. Name the main excretory organ in Herdmania.
12. What are the nephrocytes?

2.8 REPRODUCTIVE SYSTEM

Herdmania is hermaphrodite, but self-fertilization is not possible because of
different periods for gonads maturation. The animals are protogyny.

2.8.1 Gonads
A pair of gonad gradually teperring toward the atrial side. The left gonad lies
in intestinal loop while the right gonad lies above the pericardium. The gonads
embedded in mantle. Each gonad consists of 10-25 lobes arranged in two
rows. The median lobe is bigger in size and is bean shaped while the other
lobes are rounded or oval. Each lobe is bisexual and consisting of a large
peripheral testicular zone of a brick-red colour and an inner smaller ovarian
zone of a light red or pink colour. The testicular zone is made up of closely
packed spermatic caeca lined by germinal epithelium forming spermatogonia.
The spermatogonia give rise spermatozoa by spermato-genesis. The ovarian
zone consists of follicular wall from which fully formed ova drop into the
follicular cavity. Some of germinal cells budded off from the follicular wall
but they fail to develop into ova and differentiated as follicular cells.

Fig. 2.7: Herdmania. A Gonad.
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2.8.2 Gonoducts
Each gonad has two gonoducts, oviduct and spermatic duct or vas deferens
running along the central axis. The oviduct is considerably wider than vas
deferens and running along the outer or atrial side, opens at its dorsal end
into the atrial cavity by a four lipped oviducal aperture situated a short distance
behind the anal aperture. The vas deferens is formed by the union of spermatic
dutules, one from testicular zone of each lobe. Vas deferens runs along the
branchial or inner side of the oviduct and opens independently into cloaca by
spermiducal aperture. Both, oviduct and vas deferens, are internally lined
by cilia.

2.8.3 Gametes
The male gametes are spermatozoa or sperms. A mature spermatozoon
measures about 4 micra in length and as usual has an anterior broad head, a
middle piece and a long tail. The head is capped with acrosome. The ovum
is large and contains small amount of yolk (microlecithal). The nucleus is
large and excentric. It is surrounded by a thin vitelline membrane and a
tough inner chorion. Between the two membrane is the perivitelline fluid
containing a few scattered follicular cells of the ovary that secrete the chorion.
Some follicular cells are arranged to form an inner follicular layer round the
vitelline membrane. Follicle cells of the ovary finally secrete the outer chorion.
The innerchorionic fluid separates the outer and inner chorionic membranes.

Check Your Progress

13. What is ovotestis?
14. Draw a labelled diagram of a gonad.

2.9 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Test performs several functions like protection of internal organs,
respiration (exchange of gases), sensation, skeletal support in addition
to maintaining a definite shape.

2. It is the foot only.
3. There are 64 branchial tentacles in Herdmania.
4. It is the liver which is a large chocolate coloured bilobed gland.
5. Respiration is the energy liberating process and involves the exchange

of gases.
6. Herdmania lacks special respiratory organs. Exchange of gases takes

place through vascular pharyngeal wall, lacunae present in branchial
sac and hollow papillae. Test also provides surface for respiration.

7. See text for the labelled diagram.
8. Elongated contractile heart is closed at both the ends and its cavity is

filled with blood. There is a pear shaped body in the centre of pericardial
cavity that moves with the direction of blood once to expell the blood
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from one aorta and then in reverse direction to expell the blood through
another aorta.

9. The nervous system, excretory system and associated receptor organs are
together called neural complex.

10. In Herdmania tango receptors, photo receptors, olfactoreceptors,
rheoreceptors, dorsal tubercle and thermo-receptors are the receptors.

11. Neural gland performs the excretory function.
12. Nephrocytes are the brown cells of blood storing xanthire and urate as

excretory products.
13. A combined form of testis and ovary both is called ovo-testes.
14. For the labelled diagram of a gonad consult text.

2.10 SUMMARY

Herdmania is roughly oblong or slightly elongated. Its lower part is the foot
that helps the organism in its attachment. The upper free margin has both
branchial and atrial siphons. Test is the outer protective covering of the body.
From left side of the body looped intestine, chocolate coloured liver pinkish
gonad and rod-like endostyle are visible. From right side of the body neural
gland, pericardiaum, right lobe of liver and gonads are visible. It has U shaped
intestine, with liver and pyloric glands to help in digestion. Reddish blood
contains eight types of corpuscles to perform a variety of functions. There is
a well developed dorsal tubercle performing olfactory as well as gustatory
functions. Neural gland helps in excretion and is also helps in the secretion of
hormones. Herdmania is bisexual, however self fertilization does not occur
due to protogyny. There is a pair of gonads and each one is further divided
into 10-25 lobes arranged in two rows. Development is indirect i.e., through
tadpole larva that undergoes retrogressive metamorphosis.

2.11 KEY TERMS

Atrium: A cavity formed of ectoderm and encloses perforated pharynx.
Filter feeder: The organism like Herdmania allows only fine food particle
to get into the pharyngeal region and rejects the bigger or unwanted particles.
Languets: Tongue like projections of dorsal lamina are called languets.
Sea potato: Herdmania is commonly known as sea potato or sea squirt.



NOTES

Urochordata

Self-Instructional
60 Material

2.12 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Name the part of body of Herdmania bearing foreign particles like, stones,

shell of molluscs etc.
2. Define the term mantle.
3. The pharynx of Herdmania is differentiated into two parts. Name these

parts.
4. What is the position of ovary in lobulated gonad?

Long Answer Questions
1. Describe the digestive system of Herdmania.
2. Write notes on endostyle and dorsal lamina.
3. Explain the circulatory system of Herdmania.
4. Write an essay on the reproductive system of Herdmania.
5. Write short notes on:

Nephrocytes
Neural complex
Receptors of Herdmania
Atrium.

2.13 FURTHER READING
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CHAPTER 3 CEPHALOCHORDATA
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3.6.1 Protonephridia
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3.12 Further Reading

3.0 INTRODUCTION

Cephalochordata is a small group of fish-like lanceolates commonly known
as Amphioxus. Pallas (1778) first discovered the genus Branchiostoma
lanceolatum. He considers it to be a slug and named it as Limax lanceolatum
in his description. Later on, O.G. Costa (1834) identified it correctly and
named it as Branchiostoma on the basis of perforated pharynx. The name
Amphioxus was given by Yarrel (1836). Muller (1841) described it in details.
There are about nine species of Branchiostoma which are cosmopolitan in
distribution and abundantly found in Japan where the natives use them as
food. Dolichobranchus indicus is a recently investigated species of the group.

Habits and habitat. It is a marine animal commonly occurring on the
sandy shores of the temperate subtropical and tropical oceans of the world. It
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is littoral and the nerve descends below fifty fathoms. It leads a dual life. It is
buried in the sand in an upright condition with only the oral hood protruding
out. During dim-light, it comes out of the burrow and swims swiftly by lateral
undulation of the body. According to Newman, the Amphioxus swims
occasionally when it is disturbed. It drives back into the sandy bottom and by
striking the notochordal process against the substratum, it finds out another
spot for its burrow. It is a ciliary feeder and feeds on microscopic organisms
in the plankton. Sexes are separate but there is no sexual dimorphism.
Fertilization is external, development is indirect with a larval stage. The larva
grows into an adult within three months.

3.1 OBJECTIVES

In this chapter, the efforts have been made to solve the:
Habits and habitat
Morphological features

3.2 EXTERNAL MORPHOLOGY

3.2.1 Shape, Size and Colour
The body is elongated, semi-transparent, laterally compressed and flexible. It
measures about 5-7 cm in length. The colour of the body is dark red or reddish
brown. It superficially resembles to a small fish.

3.2.2 Division of Body
The body of Amphioxus is divided into two regions, the trunk and tail or
caudal. The head is absent. The trunk is the longest part of the body. It lacks
paired fins, but three unpaired median fins are present. Dorsally, extending
along the whole length of the body, there is median dorsal fin, which is
supported by about 250-300 fin-ray boxes arranged in one row. The boxes
are pockets of connective tissue, each containing a central nodule. Number
of dorsal fin ray boxes has nothing to do with the number of body segments.
Posteriorly, the dorsal fin is continuous as the tail fin and postero-ventrally
as the ventral fin. The tail fin is flattened and equally expanded both on the
dorsal and the ventral side. The ventral fin is also supported by 30-50 fin-ray
boxes which are arranged in two rows (right and left). The caudal fin is without
fin-ray boxes.

Trunk bears three openings: the mouth, atriopore and anus. The mouth
is very wide and lies at the anterior end of the trunk over hung by the rostrum.
It leads into the oral hood formed by dorsal and lateral projections of the
body. The edge of the oral hood is provided with 10 to 11 pairs of doral cirri
or buccal tentacles. The cirri help in filter feeding and also for the indrawing
of water currents towards the pharynx. The atriopore is a small mid-ventral
aperture situated in front to the ventral fin. Through this aperture, the atrium
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opens out which surrounds the pharynx. The anus lies at the base of the caudal-fin
on the ventral side slightly to the left side of the median line.

Fig. 3.1: Amphioxus. General Anatomy.

From behind the oralhood and continuous with its lateral edges arise a pair
of metapleural folds. These run all along the ventral surface of the anterior two-
thirds of the body, and meet just in front of the ventral fin around the atriopore.
Metapleural folds are in fact projecting edges of the dorso-lateral wall that encloses
the atrium.

Check Your Progress

1. Who first discovered the Amphioxus?
2. How many fin ray boxes are row in Amphioxus?
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3.3 DIGESTIVE SYSTEM

The digestive system consists of alimentary canal and digestive glands.

3.3.1 Alimentary Canal
The alimentary canal is a straight tube and consists of the following zones:

The Ingressive zone
The Progressive zone
The Degressive zone
The Egressive zone

Ingressive Zone

The ingressive zone comprises the mouth and the buccal cavity.
Mouth. The mouth is a large, somewhat circular opening, placed on

the ventral side of the body below the rostrum. The mouth leads into the
buccal cavity which is a spacious cavity.

Buccal cavity. The buccal cavity is bounded by a fold of the integument
called the oral hood. The free ventro-lateral margins of oral hood are fringed
with 10 to 11 pairs of stiff, slender processes, the oral cirri or buccal tentacles,
bearing sensory papillae. Each oral cirrus and the edge of the oral hood are
internally supported by skeletal rods which are stiff and gelatinous in nature.
The oral cirri form a soft of filter or sieve during feeding to prevent the entry
of large particles. When dividing, the edges of the oral hood fold over to
block the mouth.

Fig. 3.2: Amphioxus. Anterior End.

The buccal cavity or vestibule is shallow and possesses a complex set of
ciliated and grooved processes is known as Muller’s organ, wheel organ or
rotatory organ. The epithelium of the wheel organ is folded to form six or eight
finger-like processes with a median groove. The mid-dorsal process is largest and
displaced a little to the left. It bears a glandular ciliated groove called the Hatschek’s
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groove, terminating into the Hatschek’s pit, which is a small depression. It secretes
mucous. The buccal cavity or vestibule is bonded behind by a muscular membrane,
the velum which separates it from the pharynx and is perforated by an aperture,
the enterostome. The enterostome has been sometimes called the true mouth
and is the actual opening which formed the mouth in the larva. The velum on its
posterior border has a circlet of twelve backwardly directed velar tentacles.
The tentacles are covered with numerous sensory papillae. The general surface of
these organs is ciliated. Tentacles prevent large particles from entering the mouth.

Progressive Zone

The progressive zone of the alimentary canal includes the pharynx and oesophagus.
Pharynx. It is the largest part of alimentary canal which occupies about

two-thirds of the body. It is a laterally compressed sac and remains suspended
in the atrial or peribranchial cavity which surrounds it from all sides except on
the dorsal side. The pharynx is divided into two parts: a short prebranchial
chamber and a large branchial chamber.

The branchial chamber is perforated by 180-250 oblique vertical gill-
slits. The two adjacent gill-slits are separated by the median gill cleft. Each
gill cleft is supported by a skeletal rod. The number of gill-slits in young ones
is much less but their number is increased by further subdivision of previous
slits. The division is effected by the downward growth from the dorsal wall of
the gill-slits which is termed as tongue bar. The original gill-slits are therefore
called the primary gill bars while the later sub-divided gill-slits are known
as secondary gill-slits and sup-ported by secondary gill bars. Thus, the
secondary gill bars are interconnected by cross-bars, the synapticulae. The
gill bars and synapticulae are supported by skeletal rods, the rods of the
primary bars are forked at their ventral extremities while the rods of secondary
bars are not forked. The synapticulae also contain the skeletal rods.

The primary gill bars are formed at the time when the pharynx was
bounded by the parietal epithelium, hence they enclose a part of the coelom.
While he secondary gill-slits are formed after the development of atrium so
that they do not possess coelomic spaces, the central core of gill bar is filled
with connective tissue, blood vessels and nerve fibres. The gill bars are lined
with cilia all over. The cilia on the inner or pharyngeal side are especially long
and are called frontal cilia.

The dorsal and ventral parts of the pharyngeal wall are not perforated
and constitute hyperpharyngeal groove and hypopharyngeal groove or
endostyle respectively. These terminate independently of one another
posteriorly but anteriorly they are connected by the peripharyngeal ciliated
bands. The peripharyngeal bands arch round the pharynx immediately in front
of the gill slits. They arise from the anterior end of the endostyle, they run
obliquely upward and backward so as to meet the anterior end of the
hyperpharyngeal groove. The hyperpharyngeal groove is also known as
epipharyngeal groove, is a prominent ciliated groove present as on the mid-
dorsal line. Posteriorly, it runs upto the oesophagus.

The hypopharyngeal groove or endostyle runs mid-ventrally upto the
oesophagus. It is lined with four longitudinal tracts of glandular cells which are
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separated from each other due to presence of ciliary cells. The median row
possesses very long cilia. The gelatinous plates are situated below the endostyle.
The glandular cells secrete mucous. There are now enough evidences to support
the fact that the endostylar cells are capable of binding iodine from sea water
(Barrington 1964). This may lead to an assumption that the endostyle may be
homologous to the thyroid gland of vertebrates but there is no evidence that this
iodine binding leads to the synthesis of thyroid hormone in Amphioxus. Pharynx
leads behind into the oesophagus. Oesophagus is a short, narrow and tubular
structure internally lined with ciliated epithelium.

Degressive Zone

It is part of the gut where food is properly digested and absorbed. It includes
the intestine. The intestine is a tubular organ. It is as long as the pharynx. It
remains suspended from the dorsal body wall by a dorsal mesentery into the
atrial cavity. It is differentiated into three regions: an anterior wide midgut,
middle short iliocolic ring and posterior tapering hindgut.

Fig. 3.3: Amphioxus. Alimentary Canal (Simplified).

The midgut has a crescentic lateral ciliary tract on the right lateral side. The
cilia of lateral ciliary tract beat downward towards a groove that starts within the
midgut diverticulum. The midgut diverticulum arises from the junction of the
oesophagus and midgut. The midgut follows the iliocolic ring, which is heavily
ciliated. Its cilia beat backwards and downwards on the left side, and forwards
and upwards on the right side. The ciliary action rotates the mucous cord containing
the food. The hindgut has a dorsal ciliated groove that starts from the iliocolic ring
and extends posteriorly.

Egressive Zone

The posterior most part of the hindgut is heavily ciliated and may be termed
as rectum. The rectum opens out through a small circular aperture, the anus.
The anus is situated at the base of the caudal fin on the ventral side. It has
anal sphincter.

3.3.2 Food and Feeding
The food of Amphioxus consists of micro-organisms like diatoms, protozoans
and other organic particles etc. The animal does not usually swim about in
search of food, but most of the time it remains in its burrow with its anterior end
projecting in water. A continuous current of water is maintained due to a well set
movement of the cilia of gill-slits. The water enters in through the mouth and after
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taking its course through the vestibule, enterostome, pharynx, gill-slits and atrium,
comes out through the atriopore. Thus, the animal is a ciliary feeder. In feeding, the
oral cirri are turned inwards over the entrance of oral hood. Thus, bigger particles
of sand are excluded from water entering the mouth. The food particles suspended
in the water are detained and collected in pharynx. These food particles are
entangled into mucous sheet secreted by glandular cells of the endostyle. These
mucous sheets are passed dorsally by the lateral branchial cilia on to the inner
faces of the gill-bars and then to the epipharyngeal groove by the beating of frontal
branchial cilia. The mucous sheet on reaching the dorsal side in the groove is rolled
by the ciliary action and gradually pushed into oesophagus. From the oesophagus,
the food is directed towards the lumen of the midgut diverticulum which is also a
ciliated structure internally. Here digestive enzymes are mixed with the food materials.
The food is returned to the midgut again. The iliocolic ring rotates the food cord
and presumably it helps in mixing the enzymes and food and breaking the larger
pieces into smaller ones. Then the food is pushed into the hindgut from where the
undigested food material is eliminated out through the anus. Bone (1960) reported
that the motor nerve fibres innervating the striped muscles of the atrial floor control
the whole process of filter-feeding in Amphioxus.

3.3.3 Physiology of Digestion
The midgut diverticulum secretes the enzymes because it contains zymogen cells
(Barrington). The cells of midgut diverticulum are capable of phagocytosis, thus
intra-cellular digestion occurs. The extracellular digestion takes place in the midgut.
The digestive juice contains amylase, lipase and protease enzymes. Complete
digestion occurs in the absence of acid. The hindgut absorbs the digested food.

3.3.4 Respiration
The respiratory organs are not of special type in Amphioxus. The pharynx, besides
its digestive function, is also specialized for respiration by gills. The gill-bars are
richly supplied with blood vessels and their thin walls are able to exchange gases.
But it is doubtful whether pharynx helps in oxygenation of blood or not because in
the blood there is no respiratory pigment. According to Orton, the main function
of the pharynx is the filteration of food particles. The gill-bars consume a lot of
oxygen for operating their cilia during feeding movements. Now it is regarded that
the exchange of gases takes place in the wall of the atrium, in the metapleural folds
and the general body surface.

Check Your Progress

3. How many zones are marked in the alimentary canal?
4. Why branchial chamber is perforated?

3.4 BLOOD VASCULAR SYSTEM

The blood vascular system is simple in Amphioxus. It is of closed type. The heart
is absent and the blood is colourless due to absence of respiratory pigment. Thus,
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the circulatory system is mainly responsible for transportation of food materials
and waste products rather for exchange of oxygen and carbon dioxide. The blood
vessels are few, simple and without any structural distinction of arteries and veins.
The system of blood vessels is fundamentally similar to that of vertebrates. The
main vessels and their branches are given as below:

3.4.1 Sinus Venosus
Lying just ventral to the posterior end of the pharynx, there is a small sac-like
structure known as sinus venosus. It collects the blood from different parts
of the body. From sinus venosus, a single longitudinal, ventral aorta runs
forward.

3.4.2 Ventral Aorta
It is also known as subendostylar aorta. It is a median longitudinal vessel
that lies beneath the pharynx in the subendostylar coelom. Its walls are muscular
and by rhythmical contraction, the blood flows in forward direction. In the
pharyngeal region, the ventral aorta gives off paired branchial arches in the
primary gill-bars. These are known as afferent branchial arteries. At the
base of each afferent branchial artery, there is a swollen ampulla or bulb called
bulbule or bulbillus. The bulbuli are pulsatile, functioning as the branchial
heart. It helps in carrying the blood in upward direction. The afferent branchial
arteries do not break into capillares and leave the pharynx dorsally as efferent
branchial arteries. The afferent branchial arteries of each side open into the
lateral dorsal aorta. Before opening into lateral dorsal aorta, each afferent
branchial artery breaks up into a small capillary network, the glomus, near
the excretory organ called nephridium. The secondary gill-bars also have
afferent branchial arteries but they receive blood from the primary gill-bars
by means of small transverse arteries present in the synapticulae.

3.4.3 Dorsal Aorta
Two lateral dorsal aortae, (the right and left lateral dorsal aortae) lie on
either side of the epipharyngeal groove. Anteriorly, they continued as the
internal carotid arteries supplying the blood to the oral hood, wheel organ,
oral cirri and dorsally to the Hatschek’s nephridium. Dorsally, the lateral aortae
give off numerous branches that split into capillaries and supply blood to
dorsal musculature. In the intestinal region, the lateral aortae united to form
a main dorsal aorta which lies just beneath the notochord. It gives many
branches, the dorso-intestinal arteries, to the intestine which form plexus in
the intestinal wall. The dorsal continues as caudal artery in the tail. In dorsal
aorta, blood flows in backward direction.

3.4.4 Sub-Intestinal Vein
It is formed by the union of a caudal vein, which collects blood from the
caudal region, and lateral intestinal veins, which receive blood from the
plexus of the intestinal wall. The sub-intestinal vein lies beneath the intestine.
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The blood flows in forward direction. This vessel continues anteriorly as hepatic
portal vein beneath the oesophagus.

Hepatic portal system. The hepatic portal vein extends forward along
the ventral surface of the midgut diverticulum where it breaks up into a capillary
network. From midgut diverticulum, the blood is collected by a hepatic vein.
The hepatic vein opens into a small thin-walled sac, the sinus venosus as
described above.

3.4.5 Cardinal Veins
The blood from myotomes is returned on either side by anterior and posterior
cardinal veins. They run laterally in the body wall and unite just behind the
pharynx to form a common cardinal vein or ductus cuvieri. The two ductus
cuvieri discharge into the sinus venosus.

3.4.6 Parietal Veins
Blood is collected from the dorsal body wall by a pair of parietal veins that
run above the intestine and then open into the posterior end of sinus venosus.

Course of circulation. The blood flows in forward direction in the
parietal veins, sub-intestinal vein, posterior cardinal vein and ventral aorta. It
flows in backward direction in dorsal aorta and anterior cardinal veins.

Blood. Blood of Amphioxus is colourless and the red corpuscles are
few. Blood pressure is low.

Check Your Progress

5. The hepatic portal system is developed in mid gut diverticulum. Justify
this statement.

6. What is the colour of blood in Amphioxus?

3.5 NERVOUS SYSTEM

The nervous system is similar to that of the vertebrates in fundamental plan.
It is differentiated as usual into three parts: the central nervous system, the
peripheral nervous system and autonomic nervous system.

3.5.1 Central Nervous System
It consists of a hollow, tubular dorsal nerve cord which is situated in mid-
dorsal line just above the notochord. It is surrounded with a tough connective
tissue sheath which is continuous with the myocommata as well as the sheath
of the notochord. It has no ganglia. Posteriorly, the nerve cord tapers to a
fine point close to the hind end of the notochord. Anteriorly, it terminates abruptly
at the level of first myotome only a short way behind the anterior end of the
notochord. A narrow central canal, called neurocoel, runs throughout the length
of the neural tube. The neurocoel remains filled with cerebrospinal fluid. The
neurocoel dilates anteriorly so as to form the cerebral vesicle without any change
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in the external diameter of the cord. From the roof of the cerebral vesicle, a small
outgrowth called the dorsal diverticulum arises which extends backwards above
the neurocoel. The cerebral vesicle contains two important receptors: a median
pigment spot in the anterior wall, and a small patch of columnar ciliated cells
called the infundibular organ present on the floor of the cerebral vesicle.

Histologically, the nerve cord consists of inner grey matter of nerve cells
which surrounds the neurocoel. The grey matter is surrounded by white matter. At
intervals occur very large cells called giant nerve cells connected with nerve
fibres of unusual thickness, the giant nerve fibres. These giant nerve cells and
their fibres coordinate the swimming movements. The giant cells were investigated
by Phode (1888).

3.5.2 Peripheral Nervous System
It comprises the cerebral nerve and spinal nerves. There are two pairs of
cerebral nerves. They lack ventral roots. Both the nerves are anterior to the
first myotome and arise by dorsal roots only. The first pair from anterior
extremity and the second from dorsal part of the cord. Both pairs of cerebral
nerves are sensory in function and carries impulses from the receptors of the
snout, oral hood and its cirri to the central nervous system.

The spinal nerves arise in segmental pairs from the dorso-lateral aspects
of the nerve cord behind the cerebral vesicle. A dorsal nerve is shown arising
by a single root from the dorsal aspect of the nerve cord. The ventral nerve
arising by several separate fibres from the ventral aspect of the nerve cord.
The dorsal nerve root is both sensory and motor and passes out to the skin
between myotomes. The ventral nerve is motor and arises opposite the
myotomes which it supplies. The ventral nerves are not enclosed in the neural
sheath and do not aggregate in the form of bundle. The dorsal and ventral
roots do not join to form mixed spinal nerve as in vertebrates.

3.5.3 Autonomic Nervous System
The autonomic nevous system consists of two plexuses in the gut wall. Both
the plexuses are connected to the central nervous system by the visceral nerves,
which leave by the dorsal root. This system controls the involuntary muscles
of the gut wall. Sympathetic ganglia are absent.

Check Your Progress

7. Name the person credited for the discovery of giant cells.
8. What is the role of cerebrospinal fluid?

3.6 EXCRETORY SYSTEM

The excretory system in Amphioxus resembles the excretory system of invertebrates
rather than higher chordates. Such type of excretory system is present in flatworms
and polychaete annelids. The excretory organs are protonephridia. Some other
organs and cells are also regarded to be  excretory.
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3.6.1 Protonephridia
The protonephridia are ectodermal in origin. There are about 90-100 paired
segmental nephridia situated on the lateral surface of the pharynx. Each
nephridium is a roughly inverted ‘L’ shaped microscopic structure whose
vertical limb is parallel to the primary gill-bar. The vertical limb lies in the
coelomic canal of the primary gill bar and ends blindly. The upper limb opens
into the atrium through an aperture, the nephridiopore. The nephridiopore
lies against the secondary gill-bar.

From the dorsal and anterior surface of the nephridium, numerous short
branches arise. Each branch bears the opening of many fine tubules and each
tubule ends into a solenocyte or flame cell. There are about 500 solenocytes
in a single protonephridium each measuring about 50 m in length. Each
solenocyte bears a nucleus and a long flagellum runs through the tubule. The
nephridia are richly supplied with blood vessels and the solenocytes project
into the coelomic fluid.

The nitrogenous waste products are eliminated from the blood and the
coelomic fluid. The waste products are passed into the atrium through the
nephridiopores and finally outside through the atriopore.

3.6.2 Hatscheck’s Nephridium
It is also a large, narrow tube-like structure resembling the nephridia. It is
situated on the left and ventral side of the notochord in the region of the oral
hood. Posteriorly it opens into the pharynx just behind the velum, whereas
anteriorly it ends blindly just in front of Hatschek’s groove. Along its whole
length, it receives solenocytes which are surrounded with a coelomic sac.

3.6.3 Renal Papillae
The renal papillae are small groups of columnar epithelial cells on the floor of
the atrium. Their excretory function is not well known.

3.6.4 Brown Funnels
These are large tube-like structures present on the dorsal side of the pharynx near
the posterior end. Their wide posterior ends open into the atrium whereas their
narrow anterior ends open into the dorsal coelomic canals. These funnels are
lined with columnar cells containing brown pigment supposed to be excretory
products.

Check Your Progress

9. What are the main excretory organs of Amphioxus?
10. Mention the names of all organs which are regarded to be excretory in

function.
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3.7 REPRODUCTIVE SYSTEM

The sexes are separate in Amphioxus but there is no sexual dimorphism. The
adult bears 26-27 pairs of similar gonads metamerically arranged in two rows
from 25-51 segments. This region of the body is known as branchiogenital region.
The gonads are simple hollow sacs, mesodermal in origin and building conspicuously
into the atrial cavity. They are covered externally by the body wall and internally
by the atrial epithelium. Each gonad later acquires a central cavity, the primary
gonadial cavity and also becomes surrounded by a secondary gonadial cavity
or gonocoel.

Fig. 3.4: Amphioxus. V.S. of a Mature Gonad.

The gonads are without gonoducts and their product i.e., sperms or ova are
discharged by the rupture of the gonadial membrane. The apertures by which they
escape close and later on the gonads develop afresh.

Check Your Progress

11. How many pairs of gonads are found in Amphioxus?
12. Where is the fertilization completed?

3.8 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Palles (1778) first discovered the genus Branchiostoma.
2. There are 250-300 fin ray boxes arranged in one row.
3. There are four zones in the alimentary canal ingressive, progressive,

degressive and egressive zones.
4. Branchial chamber is perforated by180-250 gill slits to help in respiration,

excretion and removal of unwanted parasites from the body.
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5. Midgut diverticulum arises from the junction of the oesophagus and midgut.
It secretes digestive enzymes.

6. In Amphioxus the blood is colourless due to the absence of respiratory
pigment.

7. Giant cells were investigated by Phode (1888).
8. Cerebrospinal fluid performs several functions including the protection against

mechanical injury, distribution and exchange of metabolites etc.
9. Protonephridia are the main excretory organs in Amphioxus.

10. Organs like protonephridia, Hatscheck’s nephridium, renal papillae and
brown funnels are said to be excretory in Amphioxus.

11. There are 26-27 pairs of gonads in Amphioxus.
12. In the process of fertilization is completed outside the body in water.

3.9 SUMMARY

Amphioxus is a marine animal occurring on the sandy ocean shores. It is a
ciliary feeder and feeds upon microscopic organisms. Sexes are separate
without sexual dimorphism. Development is indirect i.e., through gastrula
larva. The oral hood is provided with 10 or 11 pairs of cirri. Notochord is
present alng the whole length beneath the nerve cord. It has a straight
alimentary canal. It is a filter feeder and oral cirri, velum and wheel organs
play a vital role in it. Pharynx is the largest part of alimentary canal occupying
two third of the body. There are primary and sedentary gill bars provided
with synapticulae. Midgut diverticulum plays an important role in digestion.
The blood vascular system is simple and closed.

Blood is colourless and is not at all respiratory. Hepatic portal system
is developed in midgut diverticulum. Nervous system is differentiated into
central, peripheral and autonomic nervous systems. Cerebrospinal fluid is
also present. Protonephridia (solenocytes) and Hatscheck’s nephridia for
excretion. In Amphioxus, there are 26-27 segmentally arranged gonads are
found in two rows. Breeding season is in late spring and early summer. Eggs
are released in secondary oocyte stage and development is through gastrula
larva.

3.10 KEY TERMS

Brown funnels: These are large tube like struture present on the dorsal
side of the pharynx near the posterior end. These are supposed to be
excretory in function.
Ductus cuveri: It is the common cardinal vein which is called ductus cuveri.
Fin ray boxes: In Amphioxus there are250-300 fin ray boxes. Each box
is a pocket of connective tissue.
Metapleural folds: Metapleural folds are the extensions of lateral edges
on the ventral surface of anterior two thirds of the body.
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3.11 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Which is the recently investigated species of this group?
2. How many tentacles are present in velum?
3. Describe the atrium.
4. Explain Muller’s organ.

Long Answer Questions
1. Write an essay on the digestive system of Amphioxus.
2. Describe the blood vascular system of Amphioxus.
3. What are the excretory organs.
4. Write notes on endostyle and gill bars.
5. Draw a labelled diagram of anterior part of the body showing oral cirri,

velum and wheel organs.

3.12 FURTHER READING
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4.2 Petromyzon
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4.6 Summary
4.7 Key Terms
4.8 Self-Assessment Questions and Exercises
4.9 Further Reading

4.0 INTRODUCTION

The Agnatha are the earliest known vertebrates and are characterized by the
absence of jaws. They are divided into several classes of which only
Cyclostomata is represented by living examples while remaining classes have
extinct forms. Thus, the fossil Agnatha is collectively known as Ostracoderms.

They are the earliest known vertebrates who flourished from Ordovician
to Devonian period and became extinct about 300 million years ago.

4.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the jawless vertebrates.
Classify the agnathan vertebrates.
Basic differences between the living agnthan vertebrates.
Differences between sanguivore and carnivore agnathans.

4.2 PETROMYZON

It is also called lamprey and has the following characters:
1. Mouth is ventral, surrounded by a large suctorial buccal funnel. The inner

surface of funnel is beset with many conical, yellowish, horny teeth.
2. Nostril and the nasal sac are dorsal. The nasal sac does not open behind

into the pharynx.
3. There are seven gill-slits on each side behind the eyes. They open into

a respiratory tube lying ventral to the oesophagus.
4. They possess one or two well-developed dorsal fins.
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5. Branchial basket is complete.
6. Dorsal and ventral roots of spinal nerves are separate.
7. Eyes are functional. Pineal eye is well developed. Ear has two semi-

circular canals. Lateral line system is present.
8. Sexes are separate. Eggs are small and numerous. Segmentation is

holoblastic. Development is indirect through a larval stage.
9. Both marine and freshwater forms are parasitic in habit.

Check Your Progress

1. What is the sucktorial buccal funnel in lamprey?
2. How many semicircular canals are present in the ear of lamprey.

4.3 MYXINE

1. It is commonly known as ‘hagfish’.
2. They are marine, found buried in the muddy bottom of the sea.
3. Body is cylindrical, eel-like, soft, without any scale and measuring about

60 mm in length.
4. Mouth is sub-terminal without buccal funnel and has four pairs of

tentacles around it. Jaws are absent but a single hooked palatine tooth
is present.

5. Eyes are degenerate and covered with a thick skin due to dark and
bottom dwelling habit.

6. A single median nostril lies close to the mouth.
7. Six pairs of gill-pouches are present behind the head region but open to

the exterior by one pair of external gill-slits.
8. Mucous glands are numerous or slimy, hence another name is given as

‘slime-eel’.
9. A feebly developed median ventral fin and a caudal fin are present. Fin-

rays are absent.
10. They are scavangers. They attack injured or dead fishes and burrow

into their body for eating of viscera and muscles. Thus, they are parasitic
or quasiparasitic and generally remain attached to the body of other
fishes.

11. They are bisexual or hermaphrodite with a single ovotestis without
gonoduct. They are protandrous as sperms mature earlier. The eggs
are large, enclosed in shell, bearing hooks by which they attach
themselves to weeds.

12. Development is direct i.e., without larval stage.
13. They are found along the sea-coasts of North Atlantic, American and

Japanese sea water.
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Check Your Progress

3. What is the feeding nature of Myxine?
4. What is protandrous condition?

4.4 COMPARISON BETWEEN PETROYMZON
AND MYXINE

Both Petromyzon and Myxine belong to a common group Agnatha. Infact
the Agnatha are the earliest known vertebrates which are characterized by
the absence of jaw. They are divided into several classes of which only
Cyclostymata is represented by living examples. Both Petromyzon and Myxine
have a number of common features, however, they vary in several respects as
shown in the following chart.

Table 4.1: Difference between Petromyzon (Lampreys) and Myxine (Hag fishes)

Petromyzon Myxine
1 These are marine as well as fresh These are exclusively marine.

water.
2 They are ectoparasite. They do not They are endoparasite as they bore into

bore into the prey but attach to them. their preys.
3 Rasp away flesh and sucks the Primarily scavengers as they burrow

blood of prey (sanguivorous). into dead or morbid fishes for their
flesh.

4 The shape of body is cylindrical and The body shape is eel-like and feeble
stout measuring upto one metre. measuring under one metre.

5 The dorsal fin is divided into two by The dorsal fin is single or absent. The
a notch. The caudal fin is well caudal is slightly developed.
represented.

6 Less slimy. Exceedingly slimy due to presence of
numerous mucous glands.

7 Mouth is ventral or sub-terminal Mouth is terminal in position and is
in position due to presence of surrounded by soft lips. Buccal funnel
buccal funnel. is absent.

8 Tentacles around mouth are absent. Three to four pairs of oral tentacles
present around the mouth.

9 Tongue is feebly developed with Tongue is strongly developed with
larger horny teeth. smaller teeth.

10 Single dorsal-median nostril present Single median nostril lying very
high on the head. close to mouth and opens terminally.

11 Paired eyes are well-developed and Paired eyes are rudimentary and
functional. concealed under skin. The lens and

eye muscles are absent.
12 The pineal eye is present. The pineal eye is absent.
13 Paired salivary glands are present Paired salivary glands are absent.

which secrete anticoagulants of the
host’s blood.
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Petromyzon Myxine
14 Pharynx ends blindly as a respiratory Pharynx opens into oesophagus.

tube.
15 Gill-sacs are seven pairs that open The number of gill-sacs varies, six

into the respiratory tube, not in gut. pairs in Myxine and 13-15 pairs in
Eptatretus. The gill-sacs open into
the gut.

16 Seven pairs of external gill-slits. One pair in Myxine and 13-15 pairs
in Eptatretus.

17 A spiral valve or typhalosole is Intestine possesses longitudinal folds.
present in intestine.

18 The skull is imperfectly roofed. The skull is without roof.
19 The neural arches are present around The neural arches are absent.

the notochord.
20 Well-developed branchial basket. Small and poorly developed branchial

basket.
21 A poorly developed lingual cartilage to Well-developed lingual cartilage is

support the tongue. present.
22 The pericardial sac is thick-walled The pericardial sac is thin-walled and

and is supported by pericardial is not supported by cartilage.
cartilage.

23 Each aortic arch divides and send Each aortic arch supplies the hemi-
branches to the posterior hemibranch branch of a single gill-sac.
and anterior hemibranch of adjacent
gill-sacs.

24 The mesonephros is functional adult The pronephros is retained in the adult.
kidney. The functional adult kidney is

mesonephros which is simple.
25 The gall-bladder and bile-duct are Both are present in the adult.

absent in kidney.
26 The nasohypophysial duct ends blindly. It opens behind into pharynx.
27 The brain is more developed. Its The brain is rudimentary. Its fore-brain

fore-brain and mid-brain are distinct. and mid-brain are not distinct.
28 Ten pairs of cranial nerves. Eight pairs of cranial nerves.
29 The spinal nerves have separate The spinal nerves have united dorsal

dorsal and ventral roots. and ventral roots.
30 Two semicircular canals are present True ears are absent but one semi-

in ears. circular canal is present.
31 The lateral-line system is much The lateral-line system is poorly

better developed. developed.
32 The urinogenital sinus is present. It is absent.
33 The sexes are separate but Sexes are united. The anterior part

differentiated in the later stage of of gonad acts as ovary and the
an adult. posterior as testis.

34 For breeding and spawning they Spawning occurs on ocean bed.
ascend freshwater rivers and streams
i.e., anadromous.

35 The eggs are small, without shell The eggs are large and enveloped by
and are telolecithal. horny shell. They are telolecithal.
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Petromyzon Myxine
36 Segmentation is holoblastic but Cleavage is meroblastic in Eptatretus.

unequal.
37 Development indirect with an ammo- Development is direct without larva

coete larva but undergoes and the metamorphosis.
metamorphosis.

Check Your Progress

5. What is the common name of Petromyzon?
6. Which agnathan is sanguivore?
7. What is the most popular name of Myxine?
8. Which agnathan has an anti-coagulant in its saliva?

4.5 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. In lamprey a sucktorial buccal funnel is present around vertically placed
mouth. It is provided with conical horny teeth.

2. There are two semicircular canals in the ear of lamprey.
3. Myxine is the scavanger and feeds upon dead fishes. It burrows into

the body of eat up muscles and viscera.
4. In Myxine the male gametes (sperms) mature earlier than the female

gametes. Thus stage is called protandrous.
5. Common name of Petromyzon is lamprey.
6. Lamprey is ectoparasite as well as sanguivorous.
7. Myxine is popularly known as hagfish.
8. The sanguivorous lamprey has an anticoagulant (lamphredin) to present

the clotting of blood while feeding.

4.6 SUMMARY

Agnathans are the earliest known vertebrates and are characterized by the
absence of jaws. Dorso-ventrally flattened body is devoid of paired fins.
Heterocercal tail present. Single nostril on the top of head present. Ten pairs
of cranial nerves are found.

Lampreys are ectoparasite and sangiovorous whereas myxines are
endoparasite and carnivorous. In lamprey mouth is ventral or sub-terminal
whereas myxines have terminal mouth. In lampreys well developed and well
functional eyes are present whereas in myxines eyes are rudimentary. In
lampreys sexes are separate and development is indirect through ammocoete
larva whereas myxines are bisexual and development is direct and without
any larval form.
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4.7 KEY TERMS

Branchial basket: It is the cartilaginous structure supporting the gills in
cyclostomes, amphioxus and ascidians.
Protandrous condition: In bisexual forms like myxine males sex organs
become functional earlier than the females.
Quasiparasitic nature: Sometimes scavanging species attack injured or
dead fishes and burrow into their body and remain there for feeding.

4.8 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What are the ostracoderms?
2. What is the role of typhlosole in intestine?
3. What is the role of lateral line system?

Long Answer Questions
1. Describe the general characters of Agnatha.
2. Discuss the main differences between lamprey and myxine.

4.9 FURTHER READING

1. Forey, P.; Janvier, P. (1993). “Agnathans and the Origin of Jawed
Vertebrates.” Nature, 361 (6408): 129-134.

2. Martin, F.H. (1998). “The Ecology of Hagfishes”.
3. Wicht, H. (1996). The Brains of Lampreys and Hagfishes:

Characteristics, Characters, and Comparisons.
4. Wilson, Huge (2009). Hagfish World’s Weirdest Animals.
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5.0 INTRODUCTION

Integument is the outer covering of the body, and is commonly known as the
skin. Structures like glands, scales, feathers, hair, horns, nails etc. are derived
from the integument. Togehter with its derivatives it makes up an important
organ system of the body called the integumentary system. It is continuous
with the mucous membrane lining the eyelids, mouth, nostrils and the opening
of the uninogental organs and rectum. Integument is abundantly supplied with
sensory nerve endings to receive various stimuli from external environment
and thus it makes the animal aware of important things occurring around the
body.

The integument protects the organism from injurious substances and
influecnces; it provides a barrier to invasion by microorganisms. The character
of the skin and its derivatives shows much variation in different regions of the
body, in different individuals, and even in the same individual as age advances.
Differences in the integuments in animals making up the various groups of
vertebrates are particularly striking. The type of environment, weather aquatic
or terrestrial, is an important influences in determining the character of the
variations to be found. Nevertheless, basic similarities exists in the integuments
of all vertebrates.

UNIT II: COMPARATIVE ANATOMY – I
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5.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the histology of integument
Differentiate epidermis from dermis
Describe the integument of amphibians, reptiles, aves and mammals

5.2 HISTOLOGY OF INTEGUMENT

For the detailed functional anatomy mammalian skin is taken. Histologically
integument is made up of outer epidermis and lower dermis. Epidermis
develops from embryonic ectoderm where as dermis from embryonic
mesoderm.

5.2.1 Epidermis
It is the upper non mascular layer and composed of stratified epithelium. It is
ectodermal in origin. The lower most layer of epidermis is stratum
germinativum or stratum Malphigii. This is the most active and living layer.
The cells of this layer keep on dividing mitotically, and newly formed cells
move upward. In the deficiency of nutrients and oxygen certain granules are
developed in the cytoplasm of these cells. For this, layer is said to be stratum
granulosum. Chemically granules are made up of keratohyaline. The cells
of stratum germinativum divide again and newly formed cells push the cells
of stratum granulosum upward. This time the cells of upper most layer
receive minimum amount of nutrients. The cells become flat and somewhat
transparent due to the conversion of keratohyaline into eleidin. At this stage
this layer is known stratum lucidium or barrier layer. In this layer the cell
and placed closely and compactly to resist strongly the passage materials into
or out of the body. The cells of stratum germinativum multiply again and
the newly formed cells push the previous layers upward. The supply of nutrients
and O2 is completely cut off in the cells of uppermost layer where eleidin is
converted into keratin and this layer is known as stratum corneum. The
cells of this layer are almost dead, and assume pentagonal to hexagonal outlines
(squamous epithelium). The cells of stratum corneum are short lived and
shortly the dead cells are replaced by fresh cells coming up from lower side.

In snakes the entire stratum corneum is given off at a time in the form
of a complete layer called excure. In this very case cells of stratum
germinativum divide at a time. In human beings the stratum corneum is
warm out in the form of small fragments (can be seen during winter season
when the sebaceous glands become less functional) due to the different division
rate of cells of stratum germinativum. The cells of stratum corneum are
almost dead as they have to face fluctuating environment.

In frog the epidermis is thin and is not properly differentiated into
separate layers (stratum granulosa and stratum lucidum). In mammals it is
composed of 4-6 layers.
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The process forming keratin is known as keratinization or
cornification. Keratin is a protein having good amount of sulphur containing
amino acids like cystine and methionine. Keratin is insoluble in water hence
making the protective covering of the body impermeable.

Fig. 5.1: V.S. of Skin of Rabbit.

Stratum corneum is thickest in palm and sole.
Skin or epidermis is thinest in front of eyes where it is present in the

form of conjuctiva (The part of integument that becomes transparent).
Dermis or corium. It is thicker, flexible and vascular layer present

beneath the epidermis. It is derived from the embryonic mesoderm or
dermatome. It is made up of five components: mesenchyme, muscles, nerves,
blood vessels and connective tissue.

In frog dermis is differentiated into upper stratum spongiosum (the
components are loosely arranged to provide space to mucous glands). Lower
stratum compactum (the components are arranged in a compact way).

In mammals dermis is differentiated into upper thin papillary layer to
provide space to the epidermal penetrations (papillae and grooves) and long
reticular layer—the major remaining fibrous dermis. Dermis bears nerves,
blood cappilaries, cutaneous receptors and smooth muscle fibres.

In warm blooded animals adipose tissues accumulate just below the
dermis. Basically these are food storing cells and accumulate to form a layer
called panniculus adiposus. This layer also prevents the loss of heat from
the body. In aquatic mammals like whale, dolphin etc. the adipose tissues
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develop thick fatty layers known as the blubbers to minimise the loss of heat and
also to help in buoancy.

Involuntary muscle fibres of dermis in nipples, lips of vagina, scrotum
and penis enabling some amount of movements. In animals like arnadilloes
and porcupines the striated muscles of dermis play an important role in
defence and deception.

Pigmented cells are the modified connective tissues and are found either
just below the epidermis or just above the dermis or between epidermis and
dermis. These are the highly branched neurectodermal cells. In most of
mammals they are filled with melanin that is why known as melanophores.
In human beings there are two classes of pigments: eumelanines (brown to
black) and the phaeomelanins (yellow to reddish brown). Eumelanins are
more sensitive to ultra-violet radiation than the phaeomelanins. In ambhibians
there are various types of chromatophores.

Melanophores – Brown-black
Erythrophores – Red
Xanthophores – Yellow-orange
Guanophores – White
The animals having fur do not show metachrosis (colour changing

ability) when ever the pigments are scattered in pigmented cells the related
colour appears, when the pigments concentrate in the cells colour disappears.

Check Your Progress

1. Draw a neat and clean figure of skin of rabbit.
2. Discuss all the layers present in epidermis.
3. In what ways dermis varies from epidermis.

5.3 COMPARATIVE STRUCTURE OF
INTEGUMENT

5.3.1 Cyclostomata
The integument of lampreys and hagfishes is highly glandular and slippery.
The epidermis is many layered and outermost cells retain their cytoplasmic
characters and secrete a cuticle over their exposed surface. A large number of
gland cells of varying shapes and sizes are scattered among the epidermal
cells. The corneal cells are not formed. The dermis is thinner than epidermis
and contains interwoven network of vertical and horizontal connective tissue
fibres practically undifferentiated into strata. The chromatophores are present
in the dermis. The skin is without scales in living forms but ancestral forms
contained scales. The fleshy tongue has horny teeth which are corneal
modifications of the epidermis and renewed periodically.
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Fig. 5.2: V.S. of Integument of Lamprey.

5.3.2 Elasmobranchi
In Elasmobranchi the skin is tough in texture and rough to touch due to the
presence of minute placoid scales which resemble the structure of a tooth in
all important characteristics. The placoid scales are embedded in skin as broad

dentine
covered by enamel layer. The enamel is product of epidermis and dentine of
dermis. The points of placoid scales extend out through the epidermis. The
dermis has three layers called stratum laxum, stratus compactum and a
subcutaneous layer of fine fibres. The outermost layer stratum laxum around
the neck of scales is free from fibres. The stratum compactum is laminated
and fibrous layer.

Fig. 5.3: Vertical Section of the Integument of Shark.

5.3.3 Osteichthyes
The skin of bony fishes is rich in mucous glands which made protective
covering preventing entrance of foreign materials and growth of fungi make
the skin smooth so as to reduce the friction in swimming. The skin of bony
fishes differs from that of cartilaginous fishes in the possession of bony scales
deeply burried in it. The scales are dermal in origin in most fishes. The fish
skin is similar in structure to general vertebrate skin excepting that the
outermost cells are nucleated and living and not dead as found in the stratum
corneum of higher vertebrates. The stratum Malpighii keeps on producing
outer cells with some keratin. The epidermis has goblet vessels, nerves, lymph
vessels, smooth muscles and collagen fibres with some stratification. The
connective tissue fibres run almost parallel to the surface. In some catfishes
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scales are absent and epidermis consists of many layers of cells distinguishable into
several morphologically distinct cells types. These are basal columnar cells, giant,
cells, mucous cells, polygonal cells, squamous cells and lymphocytes.

Fig. 5.4: V.S. Skin of a Bony Fish.

5.3.4 Amphibia
The skin of frog has two distinct regions epidermis and dermis. The epidermis
consists of stratum corneum and stratum Malpighii. The stratum corneum
consists of flattened and highly keratinized dead cells which protect excessive
loss of moisture. The mucous glands are epidermal but invade the dermis.
Another type of epidermal glands are serous glands which secrete acrid or
toxic substance to ward off the enemies. The stratum corneum is absent in
water dweling urodeles but well developed in land forms such as toads.

Fig. 5.5: V.S. of Skin of Frog.

The dermis is a relatively thin layer consisting of upper loose stratum
spongiosum and lower stratum compactum. Connective tissue, muscle
fibres, nerve endings and blood vessels are found in dermis. The upper part of
the dermis contains chromatophores having black melanophores and yellow
lophophores which produce colour of the skin. The colour change in frog is
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slow and the chromatophores are under the control of pituitary gland and not
under the direct influence of the nervous system. The frog takes up dark
colour in moist environment and yellow colour in dry environment. The
amphibian skin serves as an important organ of respiration. The amphibain
skin is thin with large lymph spaces separating it from the muscle layer lying
below.

5.3.5 Reptilia
Reptiles are usually adapted to a terrestrial life. The chief integumentary
adaptations of reptiles are presence of a thick stratum corneum, evolution
of modifications such as claws, horns, spikes, rattles, beaks and epidermal
scales and a general scarcity of skin glands. Most of the modern reptiles are
equipped with exoskeleton of horny epidermal scales or in some cases with
bony plates. Unlike fishes and amphibians the integument of reptiles is dry to
prevent water loss. The scales are horny epidermal structures and often form
spines. In tortoise, crocodiles and some lizards (Heloderma) dermal bony
plates are found below the epidermal scales.

The epidermis has three distinct layers including upper stratum
corneum, middle stratum intermedium and lower stratum Malpighii. The
stratum corneum is further divisible into outer stratum corneum
compactum, a noncellular layer and inner cellular  stratum corneum
relaxatum. The stratum Malpighii consists of many layers of cells. Some

consists of two layers, an outer stratum laxum cori made of connective tissue
fibres and cells, and an inner stratum compactum cori made of horizontally
directed bundles of connective tissue fibres. The outer layer of dermis contains
chromatophores. Many reptiles including snakes and lizards have elaborate
colour patterns which may be for concealment or as warning colours. In
Chameleons the colour change takes place for concealment or courtship which
is controlled by autonomous nervous system. In Calotes the chromatophores
are controlled by the posterior lobe of the pituitary and do not have nerve fibres.

Fig. 5.6: Uromastic. V.S. of Integument.

5.3.6 Aves
The integument in birds is thin, loose, dry and almost without glands. There is
a uropygial gland at the base of the tail; its oil is used for preening the
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feathers. The epidermis and dermis are delicate membranes loosely attached to
underlying muscles excepting on head and neck where they are intimately attached
and thick.

Fig. 5.7: Pigeon. V.S. of Skin.

The epidermis is delicate structure excepting in areas not covered by feathers
like foot or beak. It is made of stratum corneum and stratum Malpighii. The
skin glands are few in number and stratum corneum is modified into scaled,
claws, horny covering of the beak, spurs and comb. The stratum corneum consists
of loosely packed cells covered over by horny layer in the beak and foot. The
stratum Malpighii consists of two rows of cells usually and sometimes one row
only. The epidermal cells have pigment grannules. The dermis consists of connective
tissue cells and fibres and smooth muscle fibres. The dermis may have pigment
cells in its upper part below the epidermis. The integument of birds is characterized
by the presence of feathers formed by the stratum corneum. The feathers are of
three types including contours, down feathers and filoplumes.

5.3.7 Mammalia
The epidermis consists of several layers of dead flattened cells which are
completely keratinized and form stratum corneum. Another layer called
stratum lucidum and an inner layer called stratum granulosum are present
below the corneal layer. The innermost layer is called stratum Malpighii or
stratum germinativum which goes on producing new cells to replace worn
out cells of the outer layer of the epidermis. The dermis is situated below the
epidermis. It is tough, flexible and elastic layer made of connective tissue
fibres, blood capillaries, nerve endings, fat cells and unstrainted muscle fibres.
The dermis also contains lymph vessels and small papillae projecting into the
epidermis called tactile corpuscles. The lower part of the dermis contains
adipose cells serving as heat insulators. The dermis provides flexibility and
firmness to the skin, support to the body and facility to carry blood to the
general surface.
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The hairs are epidermal structures characteristic of mammals. Each hair is
divided into a basal part or root lying in the dermis and the upper part called shaft
passing through the dermis and projecting from the epidermis. Hair is situated in a
tube-like invagination of the epidermis formed by the stratum Malpighii called
hair follicle. The dermal tissue near the base of each hair follicle forms a thickening
called hair papilla rich in nerves and blood vessels. The shaft of the hair is covered
by a cuticle. Below cuticle there is a fibrous layer of cortex made of horny elongated
cells and its central portion medulla is made of round cells. The hair follicles are
situated somewhat slanting in the skin and a small erector muscle, called arrector
pillis is responsible for raising the hair due to cold, anger, fear or nervousness.

The skin has two types of glands called sweat and sebaceous glands.
The sweat glands are long, slender, coiled tubes formed by the invagination
of the stratum Malpighii. Each sebaceous gland opens by a duct at skin
surface by a pore. The sweat gland cells are longer and columnar and remove
some metabolic wastes. The sweat glands also serve to regulate body
temperature by the evaporation of sweat. The sweet glands are absent in rat.
The sebaceous glands are alveolar made of small branching alveoli sacs
opening at the upper part of the hair follicle by ducts. These glands are
outpushings of the wall of the hair follicles and produce an oily secretion for
keeping the skin and hair greasy and waterproof.

The mammary glands are modifications of sebaceous glands made of
alveoli and branching system of tubes. In females they produce milk.
Meibomian glands are found in the eyelid margins.

Check Your Progress

4. Mucous glands are found in which part of the integument in amphibians.
5. Why is the integument of reptiles dry and scaly?
6. Mammalian integument is abundantly supplied with various types of

glands. Name them all.

5.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Four different types of cellular layers are found in integument. These
are stratum germinativum, S. granulosa, S. lucidivum, and S. corneum.

2. Amphibian skin is maked and without exoskeleton, however, it is
provided with mucous and poison glands. Reptilian skin is dry and
scaly and may or may not provided with femoral glands. Avian skin is
oily and feathery whereas mammalian skin is provided with sweat and
sebaceous glands.

3. Only the mammalian skin has modified and greatly developed  sweat
glands in the form of mammary gland.

4. It is the amphibian skin differentiated into upper stratum spongosum
and stratum compactum to provide space to mucous and poison glands.
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5.5 SUMMARY

Integument is the outer protective covering of the body. In some organism it is dry
and scaly whereas in others it is slimy and respiratory or moist and oily. In some it
plays an important role in metachrosis, synthesis of vitamin D, and develops
exoskeleton of nails, hoofs, claws and horns. It is differentiated into outer epidermis
and inner dermis. Epidermis is thin and nonvascular whereas dermis is thick and
highly vascular. Integument is also called the jack of all toads due to performing a
variety of functions. The deeper sub cutaneous layer stores the reserve food
material. The main glands associated with integument are sweat glands, sebaceous
glands, ceruminous glands, meiobium glands, lacrimal glands, Harderian glands
and uropygeal glands etc.

5.6 KEY TERMS

Antler: A bony projection which is mesodermal in origin, is present in musk
deer, raindeer and caribou.
Arrector pilli: The muscles associated with hair follicles and responsible
for raising the hair in cold, anger, fear or nervousness.
Metachrosis: Ability to change the colour is called metachrosis. Animals
like most of amphibians and few lizards develop chromatophores for
the purpose.

5.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Name the outermost layer of epidermis that remains in direct contact

with the external environment.
2. Which part of the body has greatly developed receptors?
3. What is the blubber?
4. Define the term gynecomastia.

Long Answer Questions
1. Draw a labelled diagram of mammalian skin.
2. Write down all the cellular layers present in epidermis.
3. Discuss all the cutaneous glands present in vertebrates.
4. Write down the hard derivatives of skin.
5. Describe the histology of mammalian skin.
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5.8 FURTHER READING

1. Cadwell R. (2006). Comparative Anatomy.
2. Kardong K.V. (2015). Vertebrate Comparative Anatomy Function,

Evolution.
3. Lopez-Ojeda (2019). Anatomy, Skin.
4. Pratt, Rebecca (2012). Integument.
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6.0 INTRODUCTION

In vertebrates, the body possesses a hard internal framework of mesodermal
origin which is called endoskeleton. In fact the endoskeleton is formed of a
highly specialized and organized compact connective tissues having abundant
intercellular substance. The skeleton is considerably more than dry bones that
furnish a scaffolding for the softer parts of the body. There are at least five
specific uses to which the skeleton is put namely, (1) to give protection to
other parts; (2) to make a framework for the support of the body; (3) to
furnish a firm as well as an adequate surface for the attachment of muscles;
(4) to provide suitable leverage for locomotor purposes; and (5) to keep up a
continuous manufacture of red blood corpuscles in the marrow tissue within
the cavities of the bones.
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Like other vertebrates, the skeletal system of man can also be divided into
axial and appendicular divisions. The axial skeleton forms the longitudinal axis
the body; and it creates a framework that supports and protects organs and organ
system in the dorsal and ventral body cavities. This division contains 80 bones,
about 40 percent of the total number in the human body. That number can be
further subdivided into the skull (22), the auditory ossicles (6), the hyoid bone
(1), the vertebral column (26), the ribs (24), and the sternum (1). In addition to
their other functions, the bones of the axial skeleton provide an extensive surface
area for the attachment of muscles that adjust the positions of the head, neck and
trunk perform respiratory movements, and stabilize or position elements of the
appendicular skeleton. This skeletal division includes the bones of  limbs and
those of the pectoral and pelvic girdles that attach the limbs to the trunk.
Altogether, there are 126 appendicular bones, 32 associated with each arm and
31 with each leg.

6.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the definition of endoskeleton and its basic divisions.
Describe the limb bones of vertebrates from amphibians to mammals.
Differentiate the girdle of various vertibrates.

6.2 LIMB BONES AND GIRDLES OF FROG

It is an internal supporting apparatus to which the fore-limbs articulate.
In frog the pectoral girdle is in the form of an inverted arch.
The girdles of both the sides meet mid-ventrally with the sternum but are
separate on the dorsal side.
Each girdle is made up of mainly two portions i.e., scapular portion and
coracoidal portion.
Coracoid is dumble-shaped.
The superascapula is very broad plate-like and cartilaginous structure.
In the glenoid cavity fits the head of humerus.
The sternum is divisible into four parts i.e., Epi, omo, meso and
xiphisternum and lies ventrally in between the two halves of the girdle.
Pectoral girdle does not articulate with the vertebral column.

(a) Pelvic girdle
It gives support to the hind-limbs.
It is fork-shaped and lies in the posterior region of the trunk.
Each girdle is made up of three bones i.e., ilium, ischium and pubis.
Ilium is greatly elongated and also bears a prominent vertical ridge,
the iliac crest.
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Fig. 6.1: Frog. Pectoral Girdle and Sternum (Ventral View).

The ilia articulate with the transverse processes of IX vertebra.
The acetabulum in which fits the head of femur, is formed by the union
of all the three bones.
There is no obturator foramen and ischiopubic fenestra.
In frog it has become modified for jumping.

Fig. 6.2: Frog. Left Half of Pelvic Girdle (Lateral View).

6.2.1 Fore-limb Bones
(a) Humerus

It is proximal bone of the fore-limb and forms the component of
upper arm.
In frog it is very short because the fore-limb serves for shock
absorption during leaping.
Its proximal head fits into the glenoid cavity while its distal end i.e.,
trochlea articulates with the radio-ulna and hence pully-like.
Below the head lies a prominent deltoid ridge for the attachment of
deltoid muscles.

(b) Radioulna
In frog radius and ulna are completely fused and termed as radio-
ulna.
The double nature is indicated by the two grooves present on the
extremities of the bone.
Radio-unla, the bone of fore arm, is short but stout.
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Its proximal end bears a notch which receives the trochlea of humerus.
The ulna is also produced in an olecranon process.
Distally it articulates with the carpals while proximally with the
humerus.

Fig. 6.3: Frog. Forelimb Bones.

6.2.2 Hind-limb Bones
(a) Femur

It is a long, rod-like stretched ‘S’-shaped bone which supports the
thigh.
Proximally its head fits into the acetabulum of the pelvic girdle
while distally it articulates with the tibio-fibula.

Fig. 6.4: Frog. Hindlimb Bones.

(b) Tibio-fibula
In frog, the tibia and fibula are completely fused hence tibiofibula.
It supports the shank.
The double nature is indicated only by the two grooves on the extremities.
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There is present a nutrient foramen for the nutritive artery.
Proximally it articulates with the femur while distally with the
astragalus-calcaneum.

(c) Astragalus-calcaneum
The two proximal tarsals have become very much elongated and
form one more segment of leg i.e., astragalus calcaneum.
Astragalus (tibiale) and calcaneum (fibulare) are joined only on
the two ends.
Calcaneum is stout and straight while the astragalus is slender and
gently  curved.
Proximally it articulates with the tibio-fibula and distal with the three
free  tarsals.
In frog, the hind-limb is very much elongated and modified for leaping
purpose.

Note: It can be confused with the tibio-fibula or Varanus but the
tibiofibula is straight while it is gently curved.

Check Your Progress

1. Name the limbs of frog.
2. What is the characteristic feature of radio-ulna of frog?
3. Draw a labelled figure of pectoral girdle of frog.
4. Mention all the bones of pelvic girdle.

6.3 LIMB BONES AND GIRDLES OF VARANUS

The appendicular skeleton comprises the girdles and the bones of limbs.
There are two girdles, the pectoral girdle present in the anterior thoracic
region and the pelvic girdle in lower abdominal region.

6.3.1 Pectoral Girdle
The pectoral girdle of Varanus consists oftwo similar halves united
with the ‘T’ shaped interclavicle.
Each half or os innominatum comprises of following bones. (a) Supra-
scapula, (b) Scapula and (c) Coracoid.
Supra-scapula is a thin or flat plate and distally situated cartilaginous
arch.
It fuses internally or centrally with scapula. It is unfenestrated i.e. without
any perforation.
Scapula is a flattened, plate-like curved bone bearing a notch along its
posterior face.
Its dorsal end or upper end joins the supra-scapula, while the ventral
end or distal end joins the coracoid.
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At the junction of scapula and coracoid there is a cup-like depression called
glenoid cavity where the head of humerus bone fits.
Anteriorly, it gives out a completely ossified process, the mesoscapula.
Coracoid is a large, broad and perforated or fenestrated bone partly ossified
and partly cartilaginous.
It is divided into three parts due to the presence of two large fenestrae: a
narrow anterior procoracoid, a middle mesocoracoid and a broad posterior
coracoid proper.
The coracoid proper articulates with anterio-lateral border of sternum.
Epicoracoid is the cartilaginous part of coracoid lying over the fenestrae.
It joins the second half of the girdle in the middle along with interclavicle.

 

Fig. 6.5: Varanus. Pectoral Girdle.

6.3.2 Pelvic Girdle
The pelvic girdle supports the articulation offemur bone and insertion of
muscles of hind-limbs.
It consists of two similar halves or ossa innominata.
Each os innominatum is a tri-radiate structure and consists of three bones:
the ilium, ischium and pubis.
At the junction of all the three bones on outer side, there is a cup-like
depression called acetabulum. Here the head of femur bone fits.
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Ilium is backwardly directed and articulates with transverse processes of
sacral vertebra. It is a long, stout and curved bone, giving off a pre-
acetabular process in front of acetabulum.
Ischium is a long, flat and slightly curved bone, present on the inner side of
acetabulum. It runs inward and meets its fellow of the opposite side so as to
form a symphysis called ischiatic symphysis.
There is a cartilaginous projection, the hypoischium or os cloaca, to support
the ventral wall of cloaca.
Pubis is also an elongated, flattened and curved bone.
Pubis of each side meets with the fellow of the opposite side, in the middle
line, forming pubic symphysis.
Pubis is produced into a small rod-like process, called prepubis, which is
directed outward.
In the pubis near the fusion of ilium, ischium and pubis there is an oral
obturator foramen for obturator nerve.
Between the two halves of the pelvic girdle, there is a median space
known as obturator fenestra or ischio-pubic fenestra bounded by
ischia and pubis of the two halves.
This space is divided into two by a medium ligament. The ligament
contineous with the pubic and ischiatic symphases.

Fig. 6.6: Varanus. Pelvis Girdle.

6.3.3 Bones of Fore-limbs
The fore-limbs are divided into three parts the upper arm or brachium, fore-
arm or ante-brachium and the hand or monus.

Brachium contains only one bone, the humerus, which is a broad,
flattened bone greatly expanded on both the ends.
The proximal end is called head and fits into the glenoid cavity of
pectoral girdle.
A bicipital fossa is enclosed between the head and a medial process of
proximal end.
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There is a prominent crest-like deltoid ridge below the head for articulation
of muscles.
The middle part is shaft.
The distal end of humerus forms a pulley-like articular surface called the
trochlea.
This end articulates with radius and ulna of fore-arm.
Ante-brachium part comprises two bones, the radius and ulna.
The radius is narrow, slender bone and has a shaft and two epiphyses. Its
distal end bears a concave surface for articulation with the carpus and a
preaxial styloid process.
Ulna is stouter than radium. Proximally it is produced into olecranon
process, while distally it bears a convex articular surface for carpus.
Manus is composed of three parts: (a) wrist, (b) palm and (c) fingers.
Wrist or carpus is made up of ten bones which are small and called as
carpals.
The carpals are arranged in two rows. In the first row there are three
bones, ulnare attached to ulna, radiale attached to radius and inter-
medium attached to the radius and lies between the ulnare and radiale.
The second row has five carpals and are called distal carpals.
A centrale lies between the two rows and a piciform is attached to the
distal epiphysis of ulna.
Palm is made up of five long bones called metacarpals. Proximally
they are attached to the carpals and distally to the fingers.
Fingers. There are five fingers, containing 2, 3, 4, 5 and 3 phalanges
respectively. The terminal phalanx bears a horny claw.

Fig. 6.7: Varanus. Fore-limb Bones.
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6.3.4 Bones of Hind-limbs
Like fore-limbs, the hind-limbs are also divisible into three parts each:
(a) Thigh, (b) Shank and (c) Foot.
The thigh contains only one bone i.e. femur which is a long and stout bone
and has an elongate shaft and two epiphyses.
Its proximal part is swollen and is called the head which fits into the
acetabulum of pelvic girdle.
Near the head, slightly posteriorly on the preaxial side, there is prominent
lesser trochanter and a greater trochanter on the postaxial side.
The distal end of femur is pulley-like bears two condyles for the
articulation with tibia and fibula.
The shank bears two bones called tibia and fibula.
The tibia is on preaxial side. It is thick and stout bone. Its promixal end
bears two concave facets for distal condyles of femur.
The proximal end bears on its anterior surface, a longitudinal ridge, the
cnemial crest.

Fig. 6.8: Varanus. Hind-limb Bones.

The fibula is a slender bone, its proximal endjoins with femur, whereas the
distal end with tarsals.
Each foot is divisible into three parts. (a) Ankle, (b) Sale and (c) Toes.
Ankle has three rows of small bones. In the first row there is only one bone,
known as tibio-fibulare. It is formed by the fusion of tibiale and fibulare.
The bones of second row and third row are known as tarsals. These are
very small.
The second row contains two tarsals while third row has three tarsals.
The sole has five elongated bones, the metatarsals
There are five fingers in the hind-limb.
The number of phalanges in the fingers of toes is 2, 3, 4, 5, and 3 respectively.
The terminal phalanx bears a horny claw.
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Check Your Progress

5. Name all the bones of hind limbs of Varanus.
6. Differentiate radius ulna from febula.
7. Describe the various bones of pectoral girdle.
8. Draw a labelled diagram of pelvic girdle of Varanus.

6.4 LIMB BONES AND GIRDLES OF FOUL

6.4.1 Pectoral Girdle of Fowl
Pectoral girdle of a bird is a very stout bony structure.
The pectoral girdle consists of coracoid, scapula and clavicle bones.
The coracoid is the straight stout bone. The lower end articulates with
the antero-lateral edge of manubrium of the sternum.

Fig. 6.9: Pectoral Girdle of Fowl (Right Half).

The upper end of coracoid on its inner surface articulates with scapula.
The outer surface of the upper end has a deep cup-shaped depression
forming the glenoid cavity.
An acrocoracoid process arises from the upper end of the coracoid. It
is directed upwards and inwards.
The scapula is a flat sabre-shaped bone. It lies parallel to the back bone
and above the thoracic ribs.
The scapula firmly unites with the cora-coid at the anterior end of a ligament.
It has a shallow depression which forms a part of glenoid cavity.
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The glenoid end of scapula is produced into an aeromian process to provide
attachment to the clavicle and to partici-pate in the formation of the foramen
triosseum.
There is no suprascapula in Fowl.
The clavicles of bird are a pair of curved bones connected to the coracoid
and scapula.
Both clavicles are fused at their ventral end and form interclavicles.
The forked, or ‘y’ shaped bone thus formed is known as ‘furcula’ or
‘wish bone’ or ‘merry thought’ bone.

6.4.2 Pelvic Girdle (Hip Girdle of Fowl)
In birds each os-innominatum lies on either side of synsacrum.
Each os-innominatum consists of ilium, ischium and pubis.
The acetabulum is formed by all three bones. Head of femur articulates
with the acetabulum and forms ball and socket joint.
The ilium is an elongated and large bone extending both anterior and
posterior to acetabulum.
The ilium forms a symphysis with synsacrum all along its inner side.
The other surface of ilium is concave anteriorly and posteriorly fused
with ischium.
Antitrochanter is a projection from ilium above the trochanter. It
articulates with the great trochanter of femur.
The ischium is also dorsoventrally flattened. It projects backward
posterior to the acetabulum.

Fig. 6.10: Right Innominatum or Pelvis Girdle of Fowl (Outer View).

The ischium runs parallel to and remains fused to the ilium.
A large oval ilio-ischial foramen is present between anterior part of ischium
and ilium.
The pubis is a long slender bone directed backwards. It lies parallel to the
outer margin of ischium and remains almost fused to it.
The pubis and ischium are separated by an oval obturator foramen which
lies behind the acetabulum.
In front and outside the acetabulum, the pubis gives out a short and blunt
prepubic process.
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6.4.3 Limb Bones
In birds, the fore- and hind-limbs are modified. The fore-limbs are modified into
wings. So the radius and ulna do not move upon each other. Here the distal carpals
fused with metacarpals to form the carpometacarpus.

6.4.4 Fore-limb Bones
Fore-limb includes following bones:

(a) Humerus
It is ossified and pneumatic. It is elongated and expanded at both ends.
Proximal broad end bears a smooth convex surface called head. The
head fits in the glenoid cavity of pectoral girdle.
The pre-axial tuberosity or deltoid ridge is meant for the insertion of
pectoral and deltoid muscles.
The post-axial tuberosity carries a pneumatic foramen which
communicate with an air cavity in the shaft of bone.
Distal end bears a pair of trochlear (condyles) for the articulation of
radius and ulna. A coronoid fossa and intercondylar groove is also
present at the distal end.

Fig. 6.11: Fore-limb Bones of Fowl.

(b) Radius and ulna
They are two separate bones of fore-limbs.
Radius is straight and slender in shape. Its anterior end bears a shallow
cup for the articulation with the outer condyle of trochlea of humerus
and distal end bears a knob that fits in the radial carpal.
Ulna is longer, stouter and curved. Its anterior end bears a facet for
the attachment of condyle of humerus and project into small blunt
olecranon processes.
Its distal end articulates with carpus and radius.
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(c) Carpometacarpus
Carpometacarpus is the bone of the fore-limb.
It is a compound bone formed by the fusion of three metacarpals with the
distal row of carpals.
The first metacarpal is smallest. It is like a stumpy projection arising from
the proximal end of composite bone on its preaxial side.
The second metacarpal is strongest and somewhat straight bone.
The third metacarpal is more slender, slightly curved than second and
fused with second at both the ends. It is present on the post-axial side.

6.4.5 Hind-limb Bones
They are modified for bipedal locomotion.

1. Femur
It is a cylindrical, stout and slightly curved bone which is flattened at both
the ends.
At the innerside of proximal end, a round head is present that fits into the
acetabulum.
Head bears a prominent process on its outer side called greater
trochanter.
In between head and trochanter is an articulating surface for ant-
trochanter of ilium.
At the distal end, a pully-like structure consists of deeply grooved
surface bound by two prominent condyles on lateral side for
articulation with the tibiotarsus.
Outer condyle receives the upper end of fibula and its deep groove.

2. Tibio-tarsus and fibula. They are the bones of shank of birds. A short
tibio-tarsus and a weak fibula is present.
(a) Tibio-tarasus

It is stout, straight and long bone.
It is formed by the fusion of tibia and proximal row of tarsals.
Its proximal end is broad and bears two articular facets for the
articulation of two condyles of the femur.
It has a prominent cnemial crest at its anterior surface.
Its distal end is pulley-like, having a groove bound by two articular
condyles for articulation of tarso-metatarsus.

(b) Fibula
It is a small slender bone attached to the outer surface of tibio-tarsus.
Head of fibula articulates with the outer condyle of the femur.
Its distal end tapers to a short pointed structure and does not reach
upto the ankle.
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Fig. 6.12: Hind-limb Bones of Fowl.

3. Tarso-metatarsus
It is a single, stout, straight and compound bone.
It is formed by the fusion of distal row of tarsals with 1st, 2nd, 3rd
and 4th metatarsals.
First metatarsal bone is nodule-like and attached to inner and posterior
surface of tarsometatarsus by ligaments near its distal end.
Anteriorly the tarsometatarsus bears two cup-like facets for the
articulation of tibio-tarsus.
The three metatarsals become free at its distal end, each providing a
pulley-like articular surface for toes.
In male, this bone bears a stout conical and curved bony projection
on its middle called spur.

Check Your Progress

9. Name all the bones of fore-limb of Fowl.
10. Name the bones of hind limb.
11. Name the bones of pectoral girdle forming glavoid cavity.
12. Acetabulum is present in which bone.

6.5 LIMB BONES AND GIRDLES RABBITS

It includes girdles and limbs bones.
Girdles. There are two girdles-pectoral and pelvic.

6.5.1 Pectoral Girdle
The pectoral girdle lies obliquely outside the ribs and is attached to the
axial skeleton by muscles and ligaments.
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It consists of two similar halves which are separate and each half
osinnominatum is known as pectoral arch.
Each half consists of two main elements the scapula and coracoid.
The scapula is thin, flat and triangular bone. Its apex is directed
downwards and forwards and the base facing upwards and backwards.
A glenoid cavity for the articulation of head of humerus lies in apex.
Overhanging the glenoid cavity is a hook-like process known as
coracoid process.
Coracoid fuses with scapula infront of glenoid cavity.
Scapula at its broad base bears a thin strip of cartilage called
suprascapula.
Scapula also bears a prominent ridge or spine on its outer surface
which terminates into an acromian process.
From acromian a backward process is given which is known as
metacromian. Both the processes are free.
The spine, acrornian and metacrornian process serve for the insertion
of muscles.
The clavicle is not well developed in the case of rabbit and it is
represented as a slender curved bone whose one end is attached to
acrornian and the other to presternum or manubrium of the sternum.

6.5.2 Pelvic Girdle
Like pectoral girdle, pelvic girdle is also made up of two similar halves.
Each half is called osinnominatum which consists of three bones.
Both the halves are firmly articulated above with the sacrum and unite
with each other in mid-ventral line. This joint is called pubic symphysis.
Each half encloses a wide aperture called obturator foramen.
The three bones of each half of pelvic girdle are ilium, ischium and
pubis.
The ilium forms the anterior part of osinnominatum.
It is narrow behind and expanded in front to articulate with the sacrum.
The ischium forms the posterior and dorsal boundary of the obturator
foramen. Its hinder end is expanded and thickened to form the ischial
tuberosity.
The pubis is small and situated mid-ventrally forming anterior and ventral
boundary of obturator foramen.
At the junction of all the three bones there is a cup-shaped cavity, the
acetabulum for the articulation of head of femur bone.
In rabbit between the pubis and acetabulum there is a small bone, cotyloid
bone, thus pubis does not take any part in the formation of acetabulum.
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Fig. 6.13: Rabbit. (a) Left Half of Pectoral Girdle; (b) Pelvic Girdle.

6.5.3 Bones of Fore-limbs
Each forelimb is divided in three sections:

Upper arm with humerus.
Fore-arm having radius and ulna.
Hand or manus has carpals in wrist, metacarpals in the palm and
phalanges in the fingers.

1. Upper arm
It has a long and stout single bone, the humerus.
At its proximal end it bears a large and round process, called head
that fits into glenoid cavity of pectoral girdle.
On either side of the head, a small projection is present the tuberosity.
The outer is called greater tuberosity and the inner is called lesser
tuberosity. Between the two tuberosities is a bicipital groove.
The middle part of humerus is known as shaft.
The shaft bears on its anterior convex surface a sharp ridge, known as
deltoid ridge, anteriorly it reaches upto the head on ventral side.
The tuberosities, bicipital groove and deltoid ridges are meant for
the attachment of muscles.
The distal portion, which is attached to the fore-arm, is a broad pulley-
like trochlea.
Just above the trochlea on either side there is a depression called
olecranon fossa.
Near this fossa is present a small aperture called supra trochlear foramen
through which artery and nerve pass.
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2. Fore arm
There are two bones in fore-arm (i) Radius and (ii) Ulna. Both these
bones are curved like bow.
The radius is smaller and inner bone. Its proximal half lies in front of
the ulna and the distal on the inner side of ulna.
At the proximal end of radius is a depression in which the sides of
trochlea fit. Its lower end is much expanded and articulates with two
carpal bones.
Proximally the ulna is prolonged beyond the radius and form
olecranon process which bears a deep notch called sigmoid notch.
The sigmoid notch articulates with the trochlea.
The distal end is less expanded and articulates with only one carpal.

3. Hand or manus. It is composed of three parts (a) wrist, (b) palm and
(c) fingers.
(a) Wrist

Contains 8 carpals arranged in two rows: the proximal and distal.
The proximal row has three carpals namely: ulnare or cuneiform
attached to ulna; radiale or scaphoid attached to the radius and
intermedium or semilunar between the radiale and ulnare and
attached to radius.
The distal row has 5 carpals called distal carpals. The first distal
carpal or trapezium supports the first metacarpal. The 2nd distal
carpal or trapezoid is smaller and supports second metacarpal.
The 3rd distal carpal or os magnum is smallest and it supports
the third metacarpal. The 4th and 5th distal carpals are fused and
form unciform which supports 4th and 5th metacarpals.
In addition to the true eight carpals, a small sesamoid bone called
pisciform articulates with ulna and ulnare.

(b) Palm. It is composed of 5 large, unequal bones called metacarpals
which proximally attached to the carpals and distaUy to the fingers.
They support palm.

(c) Fingers
The phalanges support the digits.
The first or thumb called pollex is short and has only two phalanges
but rest each having three phalanges.
The terminal phalanx of each digit is pointed and curved to support
horny claw on it. Thus there are 14 bones in the fingers with the
digital formula 2,3,3,3,3.
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6.5.4 Bones of Hind-limbs
Each hind limb is divided into following three parts: (1) Thigh, (2) Shank and
(3) Foot.

1. Thigh
It has a single bone, the femur.
Its proximal end is broad and has a ball-like head that fits into the
acetabulum of pelvic girdle forming a ball and socket joint.
Proximal end also bears three rough projections the greater, lesser
and third trochanter on the posterior side.
There is a deep pit, the trochantric or digital fossa between the
greater trochanter and head, the trochanters are meant for the insertion
of muscles.
Two raised structures called con-dyles are present at the distal end
of femur enclosing a deep notch, the inter-condylar groove between
them.
The condyles articulate with the bones of shank.
The inter condylar groove is continuous round the edge of the bone
with another groove, called patellar groove, which is present on the
front side of femur.
A bone, patella or knee cap slides in the pateller groove. Patella is
attached to the tibia by ligaments.

2. Shank
It is provided with two bones tibia and fibula.
The tibia is the inner bone which is well-built, stout and strong than
the fibula.
The fibula is short and slender bone on the outer side.
The proximal end of tibia is broad and has two depressions, called
proximal epiphyses, in which the condyles of femur fit.
On the dorsal surface of the proximal end of tibia is a ridge-like
projection called enemial crest which provides the surface for
attachment of thigh muscles.

3. Foot. It is divisible into three parts:
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Fig. 6.14: Skeleton of Limb Bones of Rabbit.

(a) Ankle
Ankle is made up of 6 bones called tarsals arranged in three
rows, proximal, middle and distal.
Proximal row consists of two tarsals, inner small called
astragalus and outer large called calcaneum.
Astragalus articulates above with the tibia.
The calcaneum articulates with the fibula.
The proximal end of calcaneum is produced backwards in the
form of a calcaneal process which forms the heel.
The middle row has only one tarsal, the central or navicular. It
is shifted from its normal position to the inner side of tarsus so it
lies infront of the astragalus.
The third row possesses three bones.
The first distal tarsal is called entocuneiform is absent due to
absence of first digit or hallux.
The second distal tarsal or mesocuneiform is smallest and
supports the second metatarsal.
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The third distal tarsal or ectocuneiform is large and supports the
third metatarsal.
The 4th and 5th distal tarsals are fixed to form cuboid to support 4th
and 5th metatarsals.

(b) Sole. The sole has 4 long, slender bones called metatarsals proximally
attached to distal tarsals and distally to the toes.

(c) Toes
There are 4 fingers containing 12 phalanges, three in each digit.
Small nodule like sesamoid bones are developed on the underside of
the foot in connection with joints between metatarsals and phalanges
(first, second and third).
The last phalanx of each toe possesses a horny curved claw.
The digital formula of hind limb of rabbit is 0,3,3,3,3.

Check Your Progress

13. Name all the limb bones of Rabbit.
14. What is the characteristic feature of humerus of Rabbit
15. Name all the bones partiapting in the formation of glenoid cavity.
16. Draw a labelled diagram of pelvic girdle.

6.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Fore limb bones are humerus and radio-ulna.
2. Hind limb are femur and tibio-fibula.
3. The olecranon process is the characteristic feature of radio-ulna.
4. See the text for the figure.
5. Pelvic girdle has pubis, ileum and ischium.
6. In Varanus the hind limb has femour and tibio-fibula.
7. Both radius-ulna and tibio-fibula are more or less in general appearance.

Only the ulna is greatly enlarged and forms olecranon process.
8. Pectoral girdle is composed of clavicles, coracoid, and scapula.
9. In fowl the fore limb has humerus, radius ulna and carpometacarpals.

10. Hind limb has femur, tibio-tarsus, fibula and tarso-metatarsals.
11. Pectoral girdle contains caracoid and pubic bones glenoid cavity is

present in the shallow depression of scapula.
12. Acetabulum is present pelvic girdle and all the three bones participate

in its formation.
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13. In rabbit fore-limb bones are humerus, radius ulna, carpals, metacarpals
and phallanges. Similarly hind limb bones are femur, tibio-fibula, tarsals,
metatarsals and digits.

14. It has deltoid ridge and supra trochelear foramen.
15. Glenoid cavity is present in the coracoid bone specially the caracoid process.
16. See the text.

6.7 SUMMARY

Endoskeleton is derived from embronic mesoderm. It is present mainly in the form
of bones and cartilages. Bones are movably or immovably articulated. Limbs bones
are always movably articulated. Fore limb bones include humerus, radius, ulna,
carpals, metacarpals and phallenges. Similarly hind limb bones include femur, tibio-
fibula, tarsals, metatarsals, and digits. The size of limbs depends upon the size of
related bones. All main limb bones have some peculiarity like deltoid ridge olecranon
process, condyles, distinct head, greater or lesser trochanter etc.

6.8 KEY TERMS

Acromian: The acromian is a bony process on the scapula. Together with
the coracoid process it extends laterally over the shoulder joint.
Axial skeleton: The part of endoskeleton present along the longest or
central axis of the body.
Carpals and metacarpals: A set of eight irregularly shaped bones in the
wrist area (carpals) and five metacarpals each one related to a digit.
Cnemial crest: In the leg of many mammals, birds and dinosaurs, the
cnemial crest is a ridge at the front of the head of the tibia to which the main
extensor muscle of the thigh is attached.
Cotyloid bone: It is a small bone forming part of the acetabulum of some
mammals.
Olecranon fossa: It is a deep triangular depression on the posterior side
of the humerus.
Os-innominatum: Hip girdle consists of three bones, upper ilium, lower
ischium, and inner pubis fused together and form a single hip bone
known as innominate bone.
Pubic symphysis: It is a secondary cartilaginous joint located between the
left and right pubic bones near the midline of the body.
Supra trochlear foramen: It is a small hole located above the trochlea of
the humerus of mammals.
Trochlear notch: It is a large depression in the upper extremity of the ulna
that fits the trochlea of ulna that fits the trochlea of the humerus.
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6.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Differentiate a bone form a cartilage.
2. What is the exact location of glenoid cavity?
3. Describe the basic function of olecranon process.
4. Which limb bone develops ball and socket joint with the acetobulum.
5. Name the wrist bones.

Long Answer Questions
1. Describe the limb bones of frog.
2. Write an essay on the mammalian girdles.
3. How can you differentiate pectoral girdle from pelvic girdle.
4. Discuss the reptilian limb bones.
5. Write notes on the carpals, metacarpals and phallanges.

6.10 FURTHER READING

1. Anderson, B.W., Ekblad,  J., Bordoni, B. (2020). Anatomy, Appendicular
Skeleton.

2. Bennett, M.B. (2020). Skeletal System.
3. Oliver Jones. Bones of the Foot: Tarsals, Metatarsals, Phalanges - Teach

Me Anatomy.
4. William Morrison (2018). Bones: Types, Structure and Function.
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7.0 INTRODUCTION

Life is manifested as a process of release of energy involving continuous
death or destruction, since it is only by the breakdown of cells and tissues in
which energy from food has been stored and the phenomenon of life can
appear or continue. The primary concern of every living thing is to obtain
certain necessary substances so that it may continue to live. Oxygen, food
and water are necessary for the continuance of life. The organisms take them
from their environment. The food materials that organisms ingest, are as such,
rarely in a form suitable for cellular consumption, and to accomplish this, the
food must undergo degradation of digestion. Digestion is process of enzymatic
conversion of undiffusable form of food into diffusable or simpler form. The
latter are needed to carry on the metabolic activities, not only to supply the
energy in the form of heat, but also, to supply the needs for repair and growth.
These substances are therefore, called the growth factors.

Since only plants can synthesize organic molecules like carbohydrate,
fats, and proteins mainly from inorganic carbon dioxide and water, all animals
depend either directly or indirectly, on the plants for their food.

7.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the general organization of the gut.
Describe the general histology of the gut.
Various functional zones of the gut.
Mechanism of defaecation.
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7.2 GENERAL ORGANIZATION OF GUT

The alimentary canal is tube like structure of variable diameters and perform different
functons to make the complete digestion of food possible. It has following parts:

7.2.1 Mouth
It is the anterior opening of gut that receives food. It may be terminal, sub-terminal
or ventral in position. It may or may not be bounded by lips.

7.2.2 Oral Cavity
Mouth leads into mouth or oral cavity which is usually differentiated into anterior
buccal cavity and posterior pharynx. In mammals there is additional space between
mouth and teeth called vestibule may or may not be modified into check pouches.
In the mouth cavity there are teeth (acrodont, pleurodont or thecodont), tongue
(non-protrusible or protrusible), salivary glands (parotid, sub maxillary or sub
mandibular, infra-orbital and sub-lingual) and lingual glands may or may not
associated with taste buds. The posterior part of pharynx receives wind pipe or
trachea and food tube or oesophagus.

7.2.3 Oesophagus
The oesophagus lies posterior to the trachea in the neck, and passes along the
dorsal wall of the mediastinum in the thoracic cavity. The oesophagus has a
length of approximately 25 cm (1 ft) and a diameter of about 2 cm (0.75 in).
Except during swallowing, normal muscular tone keeps the lumen closed,
and the mucosa and submucosa are thrown into large folds. The muscularis
mucosa consists of an irregular layer of smooth muscles medial to the mucous
oesophageal glands to the submucosa.

The muscularis externa has inner circular and outer longitudinal layers.
In the upper third of the oesophagus, these layers contain skeletal muscle
fibres; in the middle third, there is a mixture of skeletal and smooth muscle
tissue; along the lower third only smooth muscles are found. Distension of
the oesophagus due to the passage of a bolus exerts pressure on surrounding
structures. In the neck and upper thorax, the trachea accommodates by
allowing compression of its posterior surface, the only region not reinforced
by tracheal cartilages.

7.2.4 Stomach
The oesophagus leaves the thoracic cavity through an opening in the
diaphragm, the oesophageal hiatus, before emptying into the stomach. The
agitation of ingested materials with the gastric juices secreted by the glands
of the stomach produces a viscous, soupy mixture called chyme. The stomach
has three primary functions: (1) the bulk storage of ingested matter, (2) the
mechanical distortion and breakdown of resistant material and (3) the
disruption of chemical bonds through the action of acids and enzymes.
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Gross Anatomy

The principal anatomical landmarks of the stomach are indicated. It has the shape
of an expanded J, with a short lesser curvature and a long greater curvature.
The oesophagus connects to the medial aspect of the stomach at the cardia, the
boundary between the greater and lesser curvatures. The bulge of the greater
curvature superior to the oesophageal junction represent the fundus and the large
area between the fundus and the curve of the J is the gastric body. The curve of
the J, the pylorus, connects with the proximal portion of the small intestine, and a
muscular pyloric sphincter regulates the flow of material between the two.

Fig. 7.1: Human Stomach Showing External and Internal Anatomy.

The dimensions of the stomach are extremely variable. The “average” lesser
curvature has a length of approximately 10 cm (4 in), and the greater curvature
measures around 40 cm (16 in). When empty, the stomach resembles a muscular
tube with a narrow and constricted lumen. When full, it can expand to contain 1-
1.5 litres. This extreme degree of distensibility requires a number of anatomical
and histological specializations. On gross dissection, the lining of the relaxed stomach
contains a number of prominent ridges and folds. These rugae become less
apparent as the stomach expands, and at maximum capacity, they have all but
disappeared.

The smooth muscle and mucosa of the stomach are so exceedingly elastic
that huge meals can be tolerated. Usually the stretch receptors in the gastric walls
provide enough information to the appetite centre in the hypothalamus that the
urge to eat disappears before the stomach expands to a potentially dangerous
extent. Under unusual or extreme circumstances, the stomach wall can rupture
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and release the gastric contents into the peritoneal cavity, an event with a 63
percent mortality rate, even after surgery. In view of the current tendencies towards
over indulgence in the westernized world, the fact that only 71 cases of gastric
rupture have ever been reported stands as a testimonial to the tolerant nature of
the gastric mucosa.

The visceral peritoneum covering the outer surface of the stomach is
continuous with a pair of prominent mesenteries. The dorsal mesentery
becomes greatly expanded, forming an enormous pouch, the greater
omentum, that folds over the abdominal viscera. Adipose tissue in the greater
omentum conforms to the shapes of the surrounding organs, providing padding
and protection across the anterior and lateral surfaces of the abdomen. A
much smaller pocket in the ventral mesentery between the stomach and liver
represents the lesser omentum.

Fig. 7.2: Gland Cells from the Fundus Region of the Stomach.
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Histological Organization

Several different views of the gastic wall are included. The mucous membrane and
submucosa are folded to produce the rugae visible on gross dissection. The
superficial epithelium consists of a dense layer of simple columnar cells filled with
mucous secretions and the exposed gastric surfaces are carpeted in a viscous
mucus. Gastric pits, pockets in the epithelium are also lined with mucous cells.
Those at the base, or neck, of each pit are actively undergoing mitosis. As the
cells mature, they are displaced towards the gastric lumen and eventually they are
shed into the chyme. The continual replacement of epithelial cells represents an
additional defense against the gastric juices. If the acids and enzymes penetrate
the mucous layers, the damaged cells will be detached and replaced almost
immediately, and the epithelium will remain intact. A typical mucous epithelial cell
survives for only about 3 days before being lost into the humen, and exposure to
strong alcohol or the chemicals found in certain foods will accelerate their
destruction.

Each gastric pit communicates with a number of gastric glands that
extend deep into the underlying lamina propria. The gastric glands are
dominated by two types of secretory cells: parietal cells and chief cells.
Together they secrete about 1500 ml of gastric juice each day. Parietal cells
are especially common along the proximal portions of each gastric gland.
These cells secretes intrinsic factor and hydrochloric acid (HCl). Intrinsic
factor facilitates the absorption of vitamin B12 across the intestinal lining.
Hydrochloric acid lowers the pH of the gastric juice, kills microorganisms,
breaks down cell walls and connective tissues, and activates the secretions of
the chief cells. Hydrochloric acid secretion, diagrammed, begins as carbonic
anhydrase converts carbon dioxide and water to carbonic acid, which promptly
dissociates into a hydrogen ion and a bicarbonate ion. As this occurs, the
parietal cell actively ejects a hydrogen ion into the gastric pit.

The bicarbonate ion diffuses into the lamina propria, in exchange for a
chloride ion, and when the gastric glands are working extra hard, enough
bicarbonate ions enter the circulation to significantly increase the pH of the
blood. This sudden rush of bicarbonate ions into the circulation has been
called the alkaline tide. Meanwhile within the parietal cell, the chloride ions
are actively secreted into the gastric lumen. With this arrangement, the pH
inside the cell remains unchanged, but the concentration of hydrochloric acid
in the gastric lumen continues to rise until the pH reaches 1.5, 2.0. Such a low
pH is essential for normal digestive activities, for pepsin works best in a strongly
acid environment.

Chief cells are most abundant near the base of a gastric gland. These
cells secrete an inactive proenzyme, Pepsinogen, and acids in the gastric lumen
convert this to pepsin, as active enzyme. Pepsin is an example of a proteinase,
an enzyme that breaks down proteins. The stomachs of newborn infants also
produce an additional enzyme, rennin, that coagulates milk proteins.

Scattered entero-endocrine cells secrete a variety of chemical
compounds into their immediate surroundings. At least six different secretory
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products have been identified, but only one has a known junction. One group of
gastric enteroendocrine cells produces a polypeptide hormone, gastrin, and
releases it into the circulation of the lamina propria and perhaps into the gastric
lumen as well. Gastrin stimulates the secretion of both parietal and chief cells, it is
released when food enters the stomach.

Fig. 7.3: Gland Cells from the Fundus Region of the Stomach.

The muscularis mucosae contains an extra layer of smooth muscle fibres, in
addition to the normal circular and longitudinal layers, and many of these extend
towards the lumen between the gastric glands. A third layer of smooth muscles is
also found in the muscularis externa. In addition to the longitudinal and circular
layers, there is an inner, oblique layer. As noted earlier, the external surfaces of the
stomach are covered by a layer of the visceral peritoneum.

7.2.5 Small Intestine
The small intestine with its digestive glands is the most important area of the digestive
tract since most of digestion and absorption occur here.
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The small intestine is composed of three segments: the duodenum (about
20 cm long), the jejunum, and the ileum (2 to 3 in long). Ducts from the liver,
gillbladder, and the pancreas (a long, narrow, thin gland lying back of and below
the stomach) open into the duodenum, generally through a common orific about
7.5 cm from the pylorus. The gall bladder provides a reservoir for the storage of
bile, which is continually secreted by the liver. Evacuation of this organ is controlled
primarily by the presence of food in the duodenum. Fats, hydrochloric acid, etc.
promote the production of a hormone cholecytokinin, which stimulates the
contractions necessary to empty the gall bladder. The circular muscle layer of the
intestine is somewhat thickened and is probably responsible for most of the intestinal
movements. In order to accomplish its functional role of absorption, the small
intestine requires a vast epithelial surface. The mucosa of the upper two segments
of the small intestine has a large number of circular folds, and, in addition, the
surface is studded with small projections about 1 mm in height. These are the
intestinal villi. The surface of these villi is covered with columnar epithelial cells,
and a further increase in the surface area is produced by the brush border
(composed of microvilli) of these cells. At the base of the villi are located the
crypts of Lieberkuhn, and below these in the submucosa are the glands of
Brunner.

Fig. 7.4: Ileocelic Junction Caecum and Vermiform Appendix of Rabbit. Arrow Indicate
Available Pathways.

Automaticity and rhythmicity are two characteristics of the muscles of
the small intestine. A basic electrical rhythm originates near the entrance of
the bile duct and moves down the duodenum at a velocity of 19 to 20 cm/sec
and at a rate of 17 to 18 minutes. Muscular contractions occur at intervals of
some multiple of 3.4 seconds and do not travel very far along the intestine.
The activity of the small intestine is regulated by the vagi and the splanchnics.
Action of these nerves is reversed in the control of the ileocecal sphincter.
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The normal stimulus for the intrinsic neural mech-anism is the presence of food in
the canal.

This zone separates the ileum and the colon in the ileocecal spincter, which
is normally closed. It serves two functions: (1) to delay passage of chyme from the
small intestine and (2) to prevent regurgi-tation of material from the colon into the
small intestine. Two reflexes that serve as examples of the influence of activity in
one part of the digestive tract on that of another part are the gastroileal reflex
and the fleogastric reflex. The first reflex is so named because shortly after a
meal the ileococeal valve relaxes each time a peristaltic wave passes along the last
few centimetres of the terminal ileum. If, however, the ileum is distended, gastric
motility is inhibited, and the reflex has been appropriately designated.

7.2.6 Large Intestine

Anatomy and innervation

The large intestine consists of the cecum, the vermiform appendix, the
ascending, transverse, descending, and pelvic colons, and the rectum (including
the anal canal) and terminates at the anus. The longitudinal muscular coat is
incomplete in the proximal colon and is largely collected into three flat bands,
the taeniae coli. Since these bands are shorter than the intestine, the walls of
the proximal colon have a saccular appearance. The mucosa of the large
intestine possesses no villi, but it is quite thick, and the crypts of Lieberkuhn
contain many globlet cells. Columnar epithelial cells line most of the surface
except for the last 2 cm of the anal canal, which is lined with stratified squamous
epithelium. The longitudinal coat becomes complete in the lower colon and
rectum; its contractions elevate and shorten the anal canal.

Both the myenteric and submucosal plexuses are present in the large
intestine. Vagi supply parasympathetic innervation to the proximal colon, and
parasympathetic fibres for the sacral segments of the spinal cord. Sympathetic
fibres are also present in this part of the gut. Stimulation of the para-
sympathetics increase the activity of the large intestine (excepting the internal
and sphincter), whereas stimulation of the sympathetics is inhabitory.

Defaecation

Distention of the rectum by the entrance of faecal material is the normal
stimulus for defaecation. The sensory impulses are carried to the lumbrosacral
portion of the spinal cord, and the return via motor nerves induces increased
activity in the musculature of the colon and rectum; pressure rises within the
rectum; the internal and external sphincters relax, and this activity can serve
to empty the distal colon as high as the splenic flexure. The coordination of
the defaecation reflex occurs in the medulla; the centre lies near the vomiting
centre and is probably associated in some manner with the respiratory centres
and influenced by even higher levels of the central nervous system.

In a normal adult, the defaecation reflex may be assisted or suppressed
volitionally. By lowering the diaphragm with a full inspiration and closing the
glottis, contraction of the chest and abdominal muscles increases intrathoracic
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and intra-abdominal pressure; this aids in expulsion of the faeces. Voluntary
inhibition is expressed by strong contraction of the external end sphincter. The rectum
then relaxes, and although faeces remain, the stimulus for defaecation is removed.
Continued voluntary inhibition of the defaecation reflex will lead to constration
and should be avoided when possible. Since faecal material consists, in part, of
material not digested (chiefly the cellulose of plants), it is logical that diet has an
influence on the quan-tity of faeces produced.

Check Your Progress

1. Mention the name of nerve network present in the wall of gut.
2. Describe the role of Meissner’s plexus.
3. Role of stomach in the body.
4. Draw a labelled diagram of stomach showing gland cells.

7.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. In the muscular layer of gut myentic plexuses (nerve network) are present
to regulate peristalsis whereas Meissner’s plexus in the thickest submucosa
to control the secretion of intestinal glands.

2. Autonomic nervous system develops Meissner’s plexus to regulate the
secretion of intestinal glands.

3. Stomach is a sac like structure to store the food for sometime. It pours
acidic secretion to kill the bacteria present in food.

4. For this see the figure in the text.

7.4 SUMMARY

Digestion is the process of enzymatic conversion of undiffusable form of food
into diffusable or simpler form. Animals cannot synthesize organic molecules
from CO2 and H2O that is why have to depend either directly or indirectly on
plants for their food. Animals have alimentary canal for the purpose. It is
divisible into four zones to perform the different activities to make the complete
conversion of undiffusable form to diffusable form possible. Various glands:
salivary glands, lingual glands, mucous glands, crypts of Lieberkuhn, brunner’s
glands, liver, pancreas etc are found in different regions of gut.

Small intestine is the place where maximum digestion occurs and
digested food is absorbed and for this small intestine is provided with villi.
Undigested waste products are stored for sometime in rectum and given out
through anal aperture. In different groups of animals some parts of gut are
modified to make the digestion of different types of food possible.
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7.5 KEY TERMS

Bolus: A ball like form of food to be swallowed.
Chylomicron: Droplets of emulsified fat smaller than one micron.
Chyme: Thick pasty form of food in stomach.
Dumping syndrome: Partial or complete removal of stomach.
Vermiform appendix: A part of large intestine acting as lymphoidal organ.

7.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Name the various types of salivary glands present in vertebrates.
2. Write notes on gastric juice.
3. What is the role of villi in absorption?
4. Write down all parts of gut present in sequence.
5. Describe the role of duodenum.

Long Answer Questions
1. Describe the structure and function of salivary glands.
2. What is gastric juice and its role in digestion?
3. Write an essay on the morphological and anatomical features of gut.
4. Discuss the biochemical break down of food in gut.
5. Draw a neat and labelled diagram of human salivary glands.

7.7 FURTHER READING

1. Edward, C. Stevens (2004). Comparative Physiology Vertebrate
Digestive System.

2. Karasov (2013). Comparative Digestive Physiology.
3. Molnar C., (2019). Digestive System: Concept of Biology.
4. Scott R., Mc Williams (1997). Pattern and Processes in the Vertebrate

Digestive System.
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8.0 INTRODUCTION

The various processes carried out by the body, for example, movement, growth
and reproduction, require the expenditure of energy. In animals, this energy
can be obtained only from the food they eat. Before the energy can be used by
the cells of the body, it must be set free from the chemicals of the food. This
process of liberating energy is called respiration and involves the use of
oxygen and the production of carbon dioxide. Robert Boyle and Robert Hooks
(1600) were the first to give the real understanding of respiration. But it was
Lavoisier (1743-1794) who showed the importance of oxygen in respiration.

Oxygen enters the animal’s body from the air or water surrounding it.
In the less complex animals, the oxygen is absorbed by the entire surface of
the body, but in the higher animals, there are special respiratory areas such as
lungs or gills. Excess carbon dioxide is usually eliminated from the same
area. Decarboxylation, the removal of carbon dioxide from a larger molecule,
can proceed independently of oxygen utilization.

8.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the utilization of oxygen by the organism.
Mention the various pulmonary respiratory organs. Differentiate the various
parts of the respiratory organs.
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8.2 PULMONARY RESPIRATORY ORGANS

The organs taking part in pulmonary respiration are the nasal chamber, pharynx,
trachea and lungs.

8.2.1 Nasal Chamber
In air-breathing vertebrates, there is a close association between the olfactory
organs and organs of respiration. In lower aquatic forms however, these
structures are usually completely divorced from each other. The advantages
of a close relationship between the organs of smell and those of respiration
should be obvious when air is drawn from the outside environment into the
lungs, volatile substances carried by the air may stimulate the sensory endings
of the olfactory nerves situated in the nasal passages. In most of the
sarcopterygi and the larval forms of some of the more primitive salamanders
such as the newt, water enters the mouth through the nares and leaves via
pharyngeal gill slits. Chemical substances in the water may be detected by the
olfactory apparatus located in the nasal passages.

8.2.2 Comparative Anatomy of Nasal Passages

Amphibians

External and internal nares are present in amphibians. The nasal passages
connecting them are short, the internal nares being located just inside the
upper jaw. In larval urodeles, the current of water passing through the nasal
passages is produced either by cilirary action or by movements of the gill
apparatus and muscles of the lower jaw. In many urodele larval and in the
tadpoles of anurans, choanal valves around the internal nares control the
direction of flow of water.

With the appearance of lungs at the time of metamorphosis in most
urodeles, smooth muscle fibres are generally found around the external nares,
thus providing a means for regulating the size of the aperture. This is the first
instance in which atmospheric air is drawn through the nasal passages. Adult
anurans use a peculiar device for closing their nostrils. A small rounded, conical
projection, the tuberculum prelinguale at the tip of the lower jaw is thrust
forward and upward and pushes apart the two premaxillary bones which lie
above it in the upper jaw. The movement of these bones, by changing the
position of a portion of the nasal cartilages, effectively closes the nasal
passages.

Each nasal passage in amphibians is surrounded by a cartilagenous nasal
capsule which is bounded by nasal, premaxillary, maxillary and vomer bones.
In a few urodeles, a projection into the nasal passage from the lateral wall on
each side indicates the first appearance of the conchae which become highly
developed in certain mammalian forms. The nasal passage, themselves consist
of upper olfactory and lower respiratory regions.
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Reptiles

Beginning with reptiles, there is a tendency towards elongation of the passage
way between the external and internal nares. This is brought about by
development of a pair of palatal folds. These are horizontal shelf-like
projections of the pre-maxillary, maxillary, palatine, and even of the pterygoid
bones. Only in the crocodilians among reptiles, however, do the processes
from the two sides fuse along the median line, thus, forming a bony secondary
palate which separate the nasal passages from the mouth cavity. The internal
nares communicate with the mouth cavity posterior to the secondary plate. In
crocodiles and alligators, they are located rather far down the throat. In reptiles,
a single concha, supported by the maxillary bone, projects into the nasal
passage one on each side from its lateral wall. In crocodilians, the concha
divides anteriorly. Although salt secreting glands have been described in marine
turtles, one marine lizard, and many terrestrial lizards. It has only recently
been discovered that marine sea snakes also possesses such structures. A
glandular mass, called the salt gland, which serves as an external organ for
ridding the body of excess salt, lies in the interpalatine groove in the soft
tissues under the premaxillary bone, anterior and medial to Jacobson’s organ
and anterior to the internal choanae. Paired ducts lead to the interpalatine
space. The secretion, a concentrated salt solution, is apparently pushed out
of the mouth by movements of the tongue in marine turtles. Orbital, or lacrimal
glands, are primarily responsible for handling the salt load.

Birds

The greater part of the upper portion of the beak or bill of birds consists of
the very much enlarged and fused pre-maxillary box altogether with the
maxillaries at the base. The bones are covered with a hard, horny sheath. The
external nares are usually located at the base of the beak, but those of the
kiwi are placed almost at the tip. The secondary palate, like that of most
reptiles, is incomplete, consisting of a pair of palatal folds which fail to fuse
medially. The choanae lie above the palatal folds. In most birds, the nasal
passages are relatively short because of the basal portion of the external nares
and the cleft condition of the palate.

Three folds, or conchae, extend into the passages of birds. They are
supported by tubular bones. Only the posterior concha is covered with
olfactory epithelium. The mucous membrane covering the conchae aids in
warming and moistening the air on its way to the lungs. The choanae connect
with the pharynx posterior or to the conchae.

A pair of nasal glands in birds has long been known to be considerably
larger in marine forms than in terrestrial species. These have been shown to
function in secreting salt and are referred to as salt glands. They act as
supplement to kidneys in the excretion of sodium chloride and, in some forms,
are even more important than the kidneys in eliminating excess salt from the
body-salt glands, the gross and microscopic structures of which are generally
similar have been studied in herring gill pelicans, cormorants, eider ducks,
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petrels etc. They develop as outgrowths of the nasal cavity and are composed of
lobes made up of branched tubular glands arranged in a radial manner about a
central canal. In the herring gills, the lobes are situated on top of skull in the
supraorbital grooves of the frontal bones. Two ducts lead from the glandular mass
on each side to the anterior, or vestibular region of the nasal cavity. At times when
the nasal glands are secreting, the salty discharge passes through the external
nares and drips from the end of the beak.

Mammals

The presence of a nose is characteristic of mammals. That of man is of a
special nature and not comparable to those found in most other forms. In
some mammals, the nose is excessively developed and forms a proboscis at
the end of which the external nares are located. A proboscis is more or less
well-developed in moles, shrews, tapris, and elephant. The trunk of the elephant
actually represents the very much drawn out nose and upper lip. The olfactory
epithelium in man is confined on each side to an irregular area measuring
roughly 250 sq mm. In mammals, the nasal chamber is divided into right and
left halves by a cartilage called mesthmoid.

The walls of the nasal chamber are variously enlarged in different
vertebrates by scroll-like tribunal bones, which not only increase the moist
vascular surface, but also prevent a easy entrance of undesirable objects by
making the passage way tortuous. Each half of the nasal chamber is further
differentiated into 3 regions.

Vestibular part. This is the anteriormost region of the nasal chamber.
It has tiers to remove the duct and other foreign particles from air
getting in.
Respiratory part. This is the airconditioning chamber. The tissues are
richly supplied with capillaries, thus providing moistures and certain
degree of warmth for incoming air.
Sensory or olfactory part. In this chamber, the ethmoturbinal is covered
with a sensory membrane, the schneiderian membrane, that helps in
the detection of smell.

8.2.3 Pharynx
The nasal chamber opens into pharynx. In rabbit, the respiratory channel in
the roof is separated from the food channel by the development of palate
which remains absent in frog. In frog, the internal nostrils open in the anterior
part of pharynx while in rabbit in the posterior part of the pharynx. In rabbit,
the respiratory and food passage cross each other forming pharyngeal chiasma
while in frog they do not cross each other. In mammals the chances of food to
go into the respiratory tube are there. So, to prevent such unwanted entry,
epiglottis is developed in the sound box.

8.2.4 Pharyngeal Pouches
In the embryos of all chordates, a series of pouches develop on either side of
the pharynx. These endodermal structures push through the mesenchyme until
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they come in contact with invaginated visceral furrows of the outer ectoderm to
which they fuse, forming thin, plate-like areas. The pharyngeal pouches arise in
succession in an anterior posterior direction. They develop in such a manner that
they become successively smaller from first to last and the pharynx therefore is
more or less funnel shaped and tapers towards the oesophagus except in the
highest vertebrate classes. Perforations usually occur where endoderm and
ectoderm come in contact. Even in the higher class however, temporary openings
are occassionally established. The visceral or pharyngeal pouches are then called
clefts. Primitively the cavity of the pharynx is thus connected by a series of clefts to
the outside. The opening connecting the pharynx proper with the clifts are called
internal gill slits, those connecting the clefts with the outside an external gill slits.

The number of pharyngeal pouches or clefts is greatest in the lowest groups
of vertebrates and least in higher classes. Thus, among cyclostomes, certain forms
possess as many as 14 pairs, although the lamprey has pairs and the hagfish but 6.
In fishes, amphibians, and reptiles, 5 or 6 pairs commonly appear in the embryos
but birds and mammals possess the reduced number of 5 or 4 as the typical
condition. The pharyngeal pouches are of greatest significance the lower aquatic
vertebrates since they bear gills and are directly concerned with respiration. Those
of amniotes do not bear gills and generally disappear except for the first which
becomes the eustachian tube and middle ear remnants of the others persist in the
form of certain glandular structures, to be discussed later.

The visceral clefts are separated from one another by septa which are
mesodermal structures, derived either from ectoderm or endoderm, depending
upon whether it is towards the exterior or interior surface. Within each septum
lies a cartilagenous or bony bar-like structure, the visceral arch. This serves
to support the septum. Blood vessels, called aortic arches branch from the
ventral aorta and course through the septa, which also receive branches of
certain cranial nerves to be described later. The visceral arches, which make
up the so-called visceral skeleton, are modified in higher vertebrates to form
various portions of the skeleton in the head region. The aortic arches also
undergo marked changes in the different classes. Metamerism, or segmentation
of the branchial region, as indicated by the arrangement of the visceral arches,
aortic arches, nares and muscles in this area is a reflection of the arrangement
of the series of visceral pouches on clefts rather than being related to the
segmentation or arrangement of the trunk myotomes. The latter is based upon
the appearance. Metameric mesodermal sometimes which appear during early
development.

8.2.5 Jacobson’s Organs
In many tetrapods, a peculiar structure, the vomeronasal organ of Jacobson
is present. It consists of a pair of blind diverticulae usually extending from the
ventromedial portion of the nasal cavity. In amphibians, reptiles and mammals,
it receives branches from the terminal (o) olfactor (I) and trigeminal (V) cranial
nerves. Although the function of Jacobson organ is obscure, it is believed to
serve as an accessory olfactory device and aids in the recognition of food,
since it is best developed in animals which hold food in their mouth. The
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vomero nasal organ first appears in amphibians. In frogs it is situated in the
anteromeal portion of each of the nasal covities, but in urodeles, it is usually
lateral in position. Its connection with the nasal cavity is constricted, so that
it appears in the nature of duct. The organ is lacking necturus and the cave
salamander proteus.

In shpenodon, snakes, and lizards, Jacobson’s organ is best developed
of all and instead of opening into the nasal cavity in these forms, the duct
connects directly with mouth cavity but near the choane. In other reptiles and
in birds, the organ appears only as a rudiment during embryonic development.
The tips of the forked tongues of snakes and of some lizards when retracted
are placed in the small, blind pockets of the vomer nasal organs. These
apparently are able to detect chemical substances that may have adhered to
the surface of the tongue when it was thrust out of the mouth. In some, as in
man, it appears only as an embryonic vestige in the lower medial side of each
nasal cavity, but in others, it persists throughout as a definite structure.
Jacobson’s organ is best developed in monotremes in which it is surrounded
by cartilage through which a branch of a olfactory nerve passes. Small concha
even projects into its cavity, much in the manner of conchae of the main nasal
cavity referred to above. The organ is a small bird well developed in marsupials,
insectivorous and rodents. In some rodents, the vomeronasal organ opens
into the nasal passage, but in others, its duct penetrate the secondary plate
opening into the mouth cavity in a manner similar to that of sphenodon and
snakes.

8.2.6 Larynx
In most of the vertebrates, the larynx is the sound producing organ, and that
is why it is also known as sound box. The simplest condition of the larynx is
to be found in certain amphibians such as necturus, in which a pair of lateral
cartilage blinds the slit-like glottis. In frog, it is the laryngotracheal chamber
that produces sound, here larynx is supported by a ring like cricoid and two
cresentric arytenoids elastic fibres from a single pair of true vocal cords in the
layrngo tracheal chamber. In males, vocal cords are well developed. Alternation
of pitch is influenced by tightening or relaxing the vocal cords to different
degrees. Between the vocal cords is a narrow gap, the rima glottids, through
which air passes back and forth between the lungs and a pair of vocal sacs,
developed in the males as a pair of diverticulars from the floor of buccal
cavity. The nostrils are visually kept closed. Sounds therefore may be produced
when the animal is under water as well as when on land. Vocal sac serve as
resonators, amplifying the otherwise low voice produced by the vocal cords.

Among reptiles, in chameleon, the living of the larynx between the
cricord cartilage and the first tracheal cartilage extends outward, forming an
inflatable gular pouch. Thyroid cartilage is present in the larynx in crocodilians.
Otherwise this cartilage appears only in mammals. Vocal cords are present in
few reptiles like gecko, chameleon and alligator. Most of the reptiles lack the
ability to produce sound except for a sort of hissing noise which may result
from the rapid expulsion of air from the lungs. Geckos and chameleons are
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able to produce gutturatroses and male alligators make loud bellowing sounds
particularly during the mating season when they may be heard over distances
of a mile or more.

Fig. 8.1: Larynx of Frog.

The larynx in birds is poorly developed and incapable of producing sound.
Here another structure, the syrinx, located as the lower end of the trachea, is
responsible for sound production. In man the larynx is also known as Adam’s
apple. In mammals, it is supported by four cartilages, the largest one is thyroid
cartilage, derived from the portions of fourth and fifth visceral arches, and is located
on the ventral side of the larynx, a ring-like cricoid cartilage and a pair of arytenoid
cartilages. The free ends of artenoids develop into cartilage of Santorini. In
some mammals small corniculate and cunei forms cartilages are arranged in close
association with the aryteroid cartilages. Mammals have two pairs of vocal cords
between thyroid cartilage and arytenoid cartilage, the anterior pair of vocal cords
is false while posterior one is the pair of true vocal cords. False vocal cords
connect the anterior pair of arytenoid with the anterior part of thyroid cashiage
while the true vocal cords and false vocal cords connect the anterior part of thyroid
cartilage. Coachae of the true vocal cords consist of a band-like fold of yellow
elastic tissue. They are covered by a thin layer of mucous membrane with stratified
squamous epithelium. The portion of the vestibule between the true and false vocal
cords is called the ventricle of the larynx. The portion of the larynx in front of the
true vocal cords is called the vestibule. Although both true and false vocal cords
are present in most mammals, there are some exceptions. Elephant lacks false
vocal cords, and the hippopotamus lacks true ones.

In human males, the larynx increases considerably in size and becomes
much larger than that of the females. The enlarged vocal cords are responsible
for the lower pitch of the masculine voice. Growth of the male larynx at the
time of puberty is a response to that structure, to the hormone secreted by the
testes.

8.2.7 Trachea
It is also known as wind pipe. It is a rigid tube. The wall of trachea is composed
of fibrous and muscular tissue stiffened by cartilage rings which prevent it
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from collapsing. The lining of the trachea is covered with numerous cilia. These are
minute protoplasmic hair that constantly flick to and fro. Mucus is secreted by
columnar gland cells. Duct particles, bacteria, etc, that are carried in with the air
during inspiration become trapped in mucous film, and, by the movements of the
cilia are swept away in it up to the larynx and into the oesophagus where they are
swallowed.

Amphibians

The trachea in most of the tailless amphibians is short, that it can scarcely be
said to exist. However in one group, the pipidae, in which the lungs function
as hydrostatic organs, a definite trachea is present. It divides into two branches
at its lower end. In urodele amphibians, the trachea is short but nevertheless
exists as definite structure which in some forms may be 4 or 5 cm long. The
tracheal cartilages are small and irregular. They show a tendency to form
bands. In cacilians, the cartilages are in the form of a half ring. The trachea in
either case divides at its lower end into two branch which lead directly to the
lungs.

Reptiles

In amniotes, the trachea is elongated to varying degrees, depending upon the
length of the neck. Among reptiles, the trachea of lizards is relatively shorter
than in other groups. In crocodilians and turtles, it is considerably elongated
and in some turtles is even convulated. The tracheal cartilages have become
better developed or more complete. In sphenodon lizards and snakes, certain
anterior cartilages are present in the form of ring. The remainder appear as
imperfect bands located on the ventral and lateral parts of the trachea. These
bands are deficient on the dorsal sides. In snakes, successive tracheal cartilages
are frequently united and supporting cartilages are also present with walls of
the bronchi in many reptiles. In some snakes only one bronchus and one lung
are present.

Birds

In correlation with the long necks of many birds, and the location of lungs in
the thoracic region, the trachea may be of unusual length. In many birds, the
length of the trachea even exceeds that of the neck. In such cases, it is
convulated, the loops lying under the skin of the thoracic or abdominal region
or between the muscles and the sternum. Extra long tracheae make it possible
for their possessors to stretch out the neck without pulling the lungs out “by
the roots”. In swans and cranes, a loop of the trachea lies within a peculiar
cavity located in the modified keel of the sternum, which thus serves as a
resonator. An unusual condition is encountered in the penguins, in which the
trachea is double. The duplication begins about 1 cm from the larynx. The
tracheal cartilages in birds are usually in the form of complete rings and are
often calcified or ossified.

The bronchi are also provided with supporting cartilagious rings. It has
already been emphasized that the larynx is poorly developed in birds and is
not concerned with sound production. The larynx, found only in the birds, is
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the true organ for production of sound. It is located at the lower end of the tracheal
where that structure divides into the two bronchi.

Fig. 8.2: Trachea of Swan, Embedded in Sternum.

The syringes of birds show much variation on structure but in general, three
different types are recognized.

Tracheal and bronchial. In the tracheal syrinx, the lateral parts of the
posterior tracheal rings have disappeared and a vibratile membrane closes
over the gap thus formed. The bronchiotracheal syrinx is the more usual type.
Here the posterior tracheal rings are modified to form an enlarged resonating
chamber, the tympanum, which often becomes ossified. Membranous folds,
the internal and external tympanum resembles projects into the cavity from
the medial and lateral walls of each bronchus. Often there is a skeletal structure,
the pessulus crossing the trachea in a dorsoventral direction at the point
where it bifurcates. The lower portion of the pessulus bears a semilunar member
and in certain aquatic birds, such as the male duck, the tympanum is very
large and asymmetrical. In the bronchial syrinx, membranes between two
successive cartilagenous rings of each bronchus from vibratile folds when the
bronchi are contracted and the caihliger are pulled together. In these various
types of syringes, the positions of the different membranes and skeletal elements
are already by the action of complicated sets of muscles so that production of
a variety of sounds is made possible.

Mammals
Although the trachea is relatively short in the aquatic cetaceans and sirenians,
in other mammals it is elongated and straight, its length varying with the
length of the neck, except in the three toed sloth, Bradypus, whose trachea is
so elongated that it extends down as far as the diaphragm and back before
entering the lungs. The trachea in a human adult measures about 4 to 5 inch in
length. Tracheal cartilages in mammals are usually incomplete on the dorsal
side, the oesophagus pressing against the gap then formed. In whales and
sirenian they are arranged in the form of a spiral. Cetaceans present the unusual
case of tracheal rings incomplete on the ventral side rather than the dorsal
side. In man, the number of tracheal rings varies from 16 to 20 whereas in the
long necked giraffe over 100 may be present. In most mammals, the trachea
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divides into two main branches but in pigs, whales a third, the apical or eparterial
bronchus arises independently from the right side of the tracheoncranaed, the
main point of bifurcation. In some other forms, the apical bronchus is a branch of
the right bronchus cash to genous rings support the walls of the bronchi in mammals.

8.2.8 Bronchi
The trachea usually branches into two bronchi, that resemble it in structure
with the exception of being smaller in size and in having weaker skeletal
rings. There are three bronchi in certain ruminants, pigs, and whales, but in
most snakes, with the degeneration of one lung as an accommodation to the
extraordinarily elongated shape of the body, there remains only one bronchus.

8.2.9 Bronchioles
Bronchioles, which continue and multiply the air passages from the bronchi,
have only limited cartilaginous supports which are in the form of rings. These
supports become progressively smaller, and the mucous cells of the linings of
the bronchioles fewer, until both are completely absent from terminal
bronchioles. The latter simply as ducts leading the way into the ultimate air
chambers, or alveoli, in which respiration occurs.

In mammals generally the bronchioles arise like the twigs of a tree and
diverge from each other, but in crocodiles and birds they run together, forming
intercommunicating loops instead of terminal twigs, from the sides of which
alveoli are given off.

8.2.10 Alveoli
The alveolar sacs, or the respiratory part of the whole system of air passage-
ways, are hemispherical enlargements at the ends of the bronchioles. They
have exceedingly thin delicate highly elastic walls over the outside of which,
like vines over a trellis, extends a closely woven maze of capillaries. It is
estimated that in a pair of human lungs there may be more than six million of
these tiny chambers, all in ultimate communication with the outside atmosphere
through the air-passages which unite in the trachea.

The amount of air admitted to the alveoli is automatically regulated by
means of nerve endings, the headquarters of which are located in the medulla
of the brain. These nerve endings are inserted into tiny cuffs of circular muscle
fibres that encircle the walls of the innumerable bronchioles, causing them to
constrict or relax, as occasion demands.

Check Your Progress

1. Who was the first person to give the real understanding of respiration?
2. Define nasal chamber and differentiate it from nasal apertures.
3. Define Jacobson’s organs.
4. Differentiate trachea from bronchus.
5. What do you mean by positive pressure type of lungs?
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8.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Robert Boyle (1600) was the first person to give the real understanding of
respiration.

2. Nasal chamber is the anterior most chamber of respiratory system between
external and internal nostrils.

3. In many tetrapods Jacobson’s organ consists of a pair of blind diverticulae
extending from ventromedial portion of the nasal cavity. It serves as an
accessory olfactory device. It is best developed in Sphenodon, lizards and
snakes.

4. Trachea is a wind pipe present outside the lungs in neck, whereas bronchus
is the part of wind pipe present inside the lungs.

5. Positive pressure type of lungs are found in Amphibia, where air is pressurised
to get into the alveoli.

8.4 SUMMARY

Respiration is the energy liberating process when made in the presence of air, it is
called aerobic respiration and when in the absence of air, it is called anaerobic
respiration. Vertebrates have skin, gills, air sacs and lungs as main respiratory
organs. In pulmonary respiration there is a pair of nostrils to receive or to leave the
respiratory gases. In amphibians the air is pressurised in the mouth cavity to get
into the lungs. Such lungs are called the positive pressure type of lungs. In reptiles,
birds and mammals the lungs are of negative pressure type. Here a vaccum is
created around the lungs to suck the air in through nostrils.

All vertebrates have a definite respiratory pigment (haemoglobin) in their
blood to transport respiratory gasses. The functional unit of lungs is alveolus.

8.5 KEY TERMS

Bronchioles: Bronchioles are the air passages inside the lungs that branch
off like tree limbs from the bronchi and deliver air to tiny alveoli.
Congestion: Nasal passage swollen with excess fluid and mucus may be
triggered by infection, tobacco smoke or perfume.
Dead space: It is the volume of air that is inhaled but does not take part in
gas exchange.
Emphysema: Alveoli are damaged, which causes people to have trouble
getting necessary oxygen.
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8.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term respiration.
2. Describe trachea.
3. Discuss the differences between trachea and bronchus.
4. Write notes on the alveoli.

Long Answer Questions
1. Describe the mammalian respiratory organs.
2. Write notes on avian lungs and their associated air sacs.
3. What are the main differences between amphibian and mammalian

respiratory system?
4. In what ways the reptilian respiratory system varies from that of avian

respiratory system.
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9.0 INTRODUCTION

Although the arterial systems of various adult vertebrates appear to be different
in arrangement, nevertheless a study of development reveals that all are built
upon the same fundamental plan. The increasing complexity of the heart,
from the simple to two-chambered structure of lower forms to the four-
chambered organ of crocodilians, birds and mammals, is associated in part
with the variations to be found in the blood vascular system.

When the heart is forming in vertebrate embryos during development,
a vessel, the ventral aorta, appears in the midline ventral to the pharynx. It
soon establishes a connection with the conus arteriosus. At its anterior end,
the ventral aorta divides into two aortic arches which course dorsally in the
mandibular region. Dorsal to the pharynx these are continued posteriorly,
where they are known as paired dorsal aortae. Additional pairs of aortic arches
then appear in sequence in an anterior posterior direction, each coursing
through the tissue between adjacent pharyngeal pouches. The typical number
of aortic arches in vertebrates is six pairs, although there are certain
discrepancies among lower forms. The first aortic arch is known as the
mandibular aortic arch. The second is the hyoid aortic arch that remained
being referred to as the third, fourth, fifth and sixth aortic arches respectively.
Each one lies anterior to the visceral cleft bearing the corresponding number.

UNIT III: COMPARATIVE ANATOMY – II AND
PLACENTATION
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The paired dorsal aorta fuse posterior to the pharyngeal region so that only a
single dorsal aorta ultimately is formed. It continues into the tail region as the
caudal artery.

Various paired and unpaired vessels arise along the length of the dorsal aorta
to supply all the structures of the body posterior to the pharyngeal region. Anterior
continuations of the unpaired ventral aorta and the paired radices of the dorsal aorta
supply the head and anterior branchial regions. Although the method of branching
of the dorsal aorta is fairly uniform throughout the vertebrate series, the aortic arches
undergo rather profound modifications in different forms, the changes being rather
similar in members of a given class. Blood is pumped anteriorly by the heart, and
passes through the ventral aorta to the aortic arches. These vessels then carry the
blood to the paired dorsal aortae from which it either goes anteriorly to the head
or posteriorly to the single dorsal aorta which distributes it to the remainder of the
body. Veins return blood to the sinus venosus or right atrium, as the case may be.

9.1 OBJECTIVES

After going through this chapter, you will be able to:
Know about the aortic arches. What aortic arches are?
Describe the aortic arches in different vertebrates.
Compare the aortic arches of different groups of vertebrates.

9.2 DEVELOPMENTAL CHANGES AORTIC
ARCHES

9.2.1 In Cyclostomes
The ventral aorta in cyclostomes continues forward from the heart for a
considerable distance. The number of aortic arches given off by the ventral
aorta varies with the species and depends on the number of gill pouches.
They are most numerous among the myxinoidea. Bellostoma has 15 pairs. In
the lamprey Petromyzon marios, which is representative of the group, 7 pairs
of gill pouches are present. The ventral aorta leaves the heart as a single
vessel which bifurcates at the level of the fourth gill pouch. Four afferent
branches arise from each of the paired anterior extension and four pairs are
given off by the unpaired portion. The first of the eight pairs of afferent
branchial arteries on each side supplies the gill lamellae of the anterior
hemibranch. The last furnishes blood to the most posterior hemibranch.

Each of the remaining vessels arises at the level of an inter-branchial
septum and divides almost immediately to supply the lamellae on either side
of the septum. Thus, each holobranch is furnished with the two branches of
an afferent branchial artery.

Efferent branchial arteries, are corresponding in position to the afferent
vessels and collect blood from the gill lamellaes. They join the single median,
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dorsal aorta. The anterior end of this vessel is paired for a short distance but the
two portions come together again, thus forming what is referred to as the cephalic
circle. From the circle arise arteries which supply the brains, eyes, tongue and
various parts of the head.

Fig. 9.1: Aortic Arches: (a) Typical Plan (Ventral View), (b) Typical Plan (Side View).

The salient features of aortic arches in cyclostomes are:
A reduction in number as compared with Amphioxus, and
The maximum in which they break up into inner arterial capillaries
between afferent and efferent arteries.

9.2.2 In Fishes
Many variations have been observed in the aortic arches of fishes. In general
there is a reduction in number within this superclass as the evolutionary scale
is ascended. The greater number occurs in certain primitive sharks where the
number is directly related to the number of gill pouches. In sharks of the genus
Heptanchus, which have seven pairs of gill clefts in addition to the spiracle,
there are seven pairs of aortic arches in the adult. Six pairs are to be found in
adult Selachians of the genera Hexanchus. Since no hemibranch is present on
the posterior wall of the last gill pouch, no arterial blood is present there.

Fig. 9.2: Aortic Arches in Fishes.
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Although in the rest of the fishes and in members of the higher classes the
number of aortic arches is reduced or otherwise modified, practically all pass
through a stage in embryonic development in which six pairs of aortic arches
connect ventral and dorsal aorta. This is the primitive number of aortic arches for
vertebrates, whose ancestors undoubtedly possessed a greater number. The anterior
continuation of the paired dorsal aortae (radices) give rise to the internal carotid
arteries supplying the brain. Those of the ventral aorta form the external carotid
arteries which supply the jaws and face.

In most fishes, each aortic arch except the first or mandibular, consists
of afferent and efferent branchial branches with an inter-arterial capillary
network interposed. It is in the capillary network of the gill lamellae where
aeration of the blood occurs. The afferent branchial arteries as they leave the
ventral aorta course through the interbranchial septa, contrary to the condition
in cyclostomes described above. The blood collected by pre-trematic and
post-trematic branches of the efferent branchial arteries passes to the radices
of the aorta. In Protopterus, the third and fourth aortic arches pass directly to
the dorsal aorta without interruption, no internal gills being associated with
these vessels.

In sharks, other than those mentioned above, only five aortic arches
persist, the first having been lost or modified. The most anterior afferent
branchial artery on each side courses through the hyoid septum, supplying
the hyoid hemibranch. It will be recalled that in elasmobranchs, the spiracle
represented the external opening of the modified first or hyomandibular cleft.
Although five afferent branchial arteries are present on each side, there are
four pairs of efferent vessels.

In teleost fishes and most others, only the last four pairs of aortic arches
remain, and the first two disappear. In Dipnoi, pulmonary artery arises from
each sixth arch through which blood is carried to the swim bladder.

9.2.3 In Amphibia
In amphibians and in the remaining vertebrate classes, there is a further
reduction in the number of aortic arches together with a greater modification
of the entire complex of vessels in the pharyngeal region. The aortic arches
do not break up into afferent and efferent portions since in these higher forms,
internal gill lamellae do not develop. To be sure, amphibians possess external
gill filaments, at least during the early development but these are not
homologous with internal gill lamellae of fishes, nor they are supplied with
blood in the same manners.

In anurans 1, 2, and 5, aortic arches disappear. The radix between arches
3 and 4 on each side gradually dwindles away. The anterior continuations of
the ventral aorta become the external carotid arteries. The third arch, together
with the anterior portion of the radix of the aorta on that side, becomes the
internal carotid artery. A stapedial branch represents a remnant of the second
aortic arch. The portion of the ventral aorta from which the internal and external
carotid arteries arise becomes the common carotid. The fourth aortic arches
persists to become the systemic arches, which unite posteriorly to form the dorsal
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aorta proper and arch 6 on each side sends a branch to the developing lung and to
the skin, thus becoming the pulmocutaneous artery. The portion of arch 6 between
the pulmonary artery and the radix is called the ductus arteriosus or duct of
Botallius. It disappears at the time of metamorphosis.

Fig. 9.3: Aortic Arches in Amphibians.

Slight differences from the above are to be found in urodeles. In certain
salamenders, the fifth arch may persist in very much reduced form. Frequently
the radix between aortic arches 3 and 4 fails to degenerate completely. The
ductus arteriosus also persists in urodeles. The external gills of larval
amphibians are supplied with vascular loops connected to aortic arches. The
loops themselves are composed of afferent and efferent vessels connected by
a capillary network. They lie lateral to the aortic arches. The latter are located
at the bases of the gills, each serving as a gill bypass. Blood may pass directly
through the aortic arches as through the adjacent gill loops. In urodele
amphibians, at the time of metamorphosis, the gills degenerate and the vascular
loops atrophy. However, the main channels of each aortic arch concerned,
which has maintained its integrity from the beginning, continues to persist.

Fig. 9.4: Aortic Arches in Frog’s Tadpole. A—External Gill Stage; B—Internal Gill
Stage.
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Anuran larvae after an early stage in which external gills like those of urodeles
are present develop peculiar gills enclosed by opercular folds. The continuity of
the aortic arches is then temporarily interrupted. Upon metamorphosis, however,
the arches again become continuous structures. Certain urodele amphibians such
as Necturus, also called perenmbranchiates, retain their gills throughout life and
fail to undergo metamorphosis. Attempts to induce metamorphosis in Necturus
under experimental conditions have resulted in failure. The reason for this long
puzzled zoologists. A morphological explanation has been suggested, but its validity
has been questioned. It seems that aortic arches 3, 4, and 5 persist in Necturus
and that the ventral portion of arch 6 is missing. The dorsal portion of the  arch is
present, however, the efferent portion of arch 5 which supplies the lung is present.
Infact the pulmonary artery comes off the fifth arch rather than the sixth as is
usually the case. Blood going to a lung in Necturus, therefore, must first pass
through a gill and has already been oxygenated. The pulmonary system as a
consequence, is of little value except in times of emergency when the oxygen
content of the water may be depleted.

9.2.4 In Reptiles
Just as in amphibians, reptiles retain aortic arches, 3, 4, and 6. The fifth arch
may also be retained in reduced form in certain lizards, and a remnant of the
radix between arches 3 and 4 may persist on each side in certain snakes. In
most reptiles, however, further modifications occur in the aortic arches. These
consist chiefly of a splitting of the distal portion of the conus arteriosus and
the ventral aorta into three vessels. The fourth aortic arch on the left side
establishes a separate connection with the right side of the partially divided
ventricle. In together with a portion of the radix on the left side, becomes the
left arch of the aorta. The sixth arch on each side gives off a pulmonary artery
to the lung and in most cases, loses its connection with the radix. It persists to
a minor degree in some turtles and in Sphenodon. The two pulmonary arteries
arise from a common trunk, the pulmonary aorta, from the right side of the
ventricle.

The remaining vessel derived from trunchus arteriosis connects to
the left side of the ventricle and as it courses forward, gives off the fourth
aortic arch on the right side and finally divides into the two common carotid
arteries with their external and internal branches. The right fourth aortic arch,
together with a portion of the radix on that side, becomes a right arch of the
aorta which joins the posterior continuation of the left arch to form the dorsal
aorta proper. A coeliac artery supplying certain viscera arises from the left
aorta near its junction with the right. The portion of the left aorta between the
coeliac artery and the dorsal aorta proper in the left aorta passes into the
coeliac artery. Right and left subclavian arteries arise from the right and left
aortae, respectively, in those reptiles having pectoral limbs.

Since the right aorta bears mostly oxygenated blood and the left chiefly
deoxygenated blood, mixing occurs in the dorsal aorta proper. While these
two vessels come together, some mixing may also occur through the foramen
of panizzae which forms the right and left aortae as they emerge from the
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heart. In crocodilians, in which two completely separated ventricles are present,
mixing of blood occur. As in other reptiles, at the foramen panizzae and at the
point, right and left aortae unite to form a single vessel. Mixing of oxygenated
and unoxygenated blood seems to be associated with the poikilothermous
mode of life.

Fig. 9.5: Aortic Arches. A–Frog (Adult), B–Lizard.

9.2.5 In Birds
The chief changes taking place in the aortic arches of birds are corresponding
to those of reptiles. There is one important difference however. In birds, the
fourth arch and radix on the left side lose their connection with the dorsal
aorta and splits into two portions, a systemic aorta and a pulmonary aorta
or trunk. The systemic aorta is connected to the left ventricle, and the
pulmonary aorta to the right.

Fig. 9.6: Aortic Arches. A—Bird; B—Mammal.

The fourth aortic arch on the right side leaves the systemic aorta and by
means of the radix, leads to the main arterial channel, or dorsal aorta proper.
The latter supplies the entire body with oxygenated blood. At its anterior end,
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the systemic aorta gives rise to external and carotid arteries. The fourth aortic
arch on the left may possibly contribute to the left subclavian artery, but this
vessel is usually a branch of the third aortic arch. The right subclavin artery either
comes off the right radix or off the third aortic arch on the right side.

The pulmonary aorta leading from the right ventricle gives off the pulmonary
arteries, which are actually outgrowths of the sixth aortic arches. Until the time of
hatching, there is a ductus arteriosus on the right side, representing the portion
of aortic arch 6 between pulmonary artery and radix. This serves as a shunt from
the right ventricle to the dorsal aorta at a time when the lungs are not functioning.
It closes at the time of hatching and blood in the right ventricle is then sent to the
lungs for aeration. A cord of connective tissue on each side, the ligamentum
arteriosum is all that remains of the former arterial shunt.

9.2.6 In Mammals
The changes in the aortic arches of mammals are rather similar to those of birds
except that the radix on the right side rather than the left loses its connection with
the aorta. The fourth aortic arch in the left side together with its radix, therefore,
becomes the arch of the definitive aorta. The fourth arch on the right and a portion
of the right radix becomes the right subclavian artery, and the left subclavin
develops as an enlargement of one of the intersegmental arteries coming off from
the aorta in this region. There is much variation among mammals in the manner in
which the subclavin arteries arise. In mammalian embryos, there is at first a ductus
arteriosus on each side, but the one on the right side persists only until birth when
it finally becomes occluded. A ligamentum arteriosum of connective tissue is
finally all that remains.

In mammals, the actual presence of a fifth aortic arch during development
has been questioned. However, remnants of a fifth arch have been observed
in certain mammalian embryos and there is little reason to doubt that mammals
are similar to other vertebrates in passing through a primitive stage in which
six aortic arches are present. In some mammals, the dorsal part of the second
aortic arch persists to become the stapedal artery with which the external
carotid artery forms connections and remnants of the first aortic arch may
contribute to the mandibular artery.

The study of changes in the arotic arches of birds and mammals is one
of the most striking illustrations of the Law of Biogenesis.

Check Your Progress

1. What are aortic arches?
2. Draw a neat and clean diagram of aortic arches showing their typical

plan.
3. Define ligamentum atriossum.
4. Name the organism having 15 pairs of aortic arches
5. Which systemic arch disappears in an adult bird.
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9.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The aortic arch is the portion of the main artery that bends between the
ascending and descending aorta.

2. See the text.
3. The ligamentum atriosum is the small fibrous remnant of the foetal ductus

atriosum, located between and connecting the proximal left pulmonary artery
and the under surface of the junction of the aortic arch and descending
aorta, at the aortic isthmus.

4. The embryo of Bellostoma develops 15 pairs of aortic arches.
5. It is the left systemic arch that disappears during development.

9.4 SUMMARY

The aortic arch is the portion of the main artery that bends between the
ascending and descending aorta. When the heart is forming in vertebrate
embryos during development, a vessel, the ventral aorta, appears in the mid
line ventral to the pharynx. The ventral aorta continues forward from the
heart for a considerable distance. The number of aortic arches given off by
the ventral aorta varies from species to species. In vertebrates from amphibia
to mammals six pairs of aortic arches come up dorsally where they unit together
resulting a pair of dorsal aortae. Anteriorly these aortae form internal carotids
and posteriorly both of these unit together resulting a common dorsal aorta.
Of these 1, 2 and 5 aortic arches disappear. 3rd pair is modified into external
carotids, 4th pair into systemic and 6th into pulmonary. Some variations appear
in different groups of vertebrates.

9.5 KEY TERMS

Duct of Botallus: Embryonic connection between fourth and sixth aortic
arches is called ductus arteriosus or duct of Botallus.
Systemic aorta:  In birds, the fourth embryonic arch and the radix on the
left side lose their connection with the dorsal aorta and splits into two portions,
a systemic aorta and a pulmonary aorta.

9.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. How many pairs of aortic arches originate from ventral aorta?
2. Name the place where dorsal aorta develops in the developing embryo.
3. How many pairs of aortic arches disappear in the developing embryo?
4. Write down the differences between external and internal carotids?
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Long Answer Questions
1. Write an essay on the aortic arches.
2. Draw all the figures in a sequence showing the development of aortic arches.
3. Explain the aortic arches of mammals and corelate with that of Aves.
4. Explain the amphibian aortic arches and corelate with that of reptiles.

9.7 FURTHER READING

1. Albert Moore. An Introduction to Vertebrate Embryology.
2. Oscar Hertwig. Text Book of the Embryology of Man and Mammals.
3. R.J.A. Wilson. Comparative Anatomy of Aortic Arches.
4. Rosen. R.D. (2019). Embryology. Aortic Arches.
5. Waldo Shumway (2007). Introduction to Vertebrate Embryology.
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10.10 Further Reading

10.0 INTRODUCTION

In a protozoan, the single cell in itself receives sensations and responds to
them. In higher metazoan organisms, there tends to be an increasing degree
of differentiation between cells specialized for the reception of sensations—
receptors—and these make the appropriate response to the effectors. In lower
multicellular organisms, the relations between these two types of cells may
remain relatively simple, and cells receiving sensations may, by their physical
and chemical activities, arouse their neighbours to respond. In the vertebrates,
the circulation of hormones in the blood stream, the method of arousing
responses tends to be slow, is often non-specific, and is relatively ineffective
for swift and precise reaction. With the development of a nervous system,
special tissues designed to transmit stimuli rapidly from sensory structures to
specific organs are formed, which furnish the response.

In primitive metazoans, such as coelenterates, the nervous system may
be a diffused network of cells and fibres spread through the tissues. But in
most animals of any degree of complexity, the system is an integrated, well
organized one instead of scattered cells and fibres. We find collections of
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fibres formed into nerve trunks and centres where transfer of nerve impulses between
fibre systems takes place, much as a telephonic system brings its numerous lines
into major cables and central exchanges. In most groups, a dominant centre, a
brain, in some manner or other makes its appearance, usually in a situation
strategically located with regard to major sense organs. In the vertebrates, there is
a well organized tubular brain anteriorly and a single dorsal hollow nerve cord, the
spinal cord, running backward from this along the body. These form the central
nervous system and running outward from the brain and spinal cord are numerous
pairs of nerves that constitute the peripheral nervous system. Clusters of nerve
cells, ganglia, may lie along these nerves and are also part of the peripheral nervous
system. We have noted that embryologically the tissues of the nervous system are
of ectodermal origin—mainly from the neuroectoderm that forms the neural tube
and the adjacent neural crests, plus some additional from near ectodermal placodes.

10.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the centre of the body receiving sensation and responds accordingly.
Structure of brain in different groups of vertebrates.
Describe the meninges

10.2 BRAIN OF FROG

The brain is an elongated, somewhat flattened whitish structure which lies in the
cranial cavity of the skull. It is surrounded by two meninges.

10.2.1 Meninges
The inner meninx is known as pia-arachnoid membrane. It is highly vascular and
very thin, and lies in close contact with the brain. The outer membrane is known as
duramater. It is very thick and tough. It is less vascular. It lies towards the lining
of the cranial cavity between pia-arachnoid and durameter and the lining of cranial
cavity. It is known as epidural space. Both the spaces are filled with cerebrospinal
fluid, which protects the brain from external shocks. Pia-arachnoid membrane
forms tela choroidea. Folds from tela choroidea project into the third and fourth
ventricles of the brain to form anterior and posterior choroid plexuses.

Structure of Brain
The brain or encephalon is divisible into three parts:

Fore-brain or Prosencephalon.
Mid-brain or Mesencephalon.
Hind-brain or Rhombencephalon.
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10.2.2 Fore-brain or Prosencephalon
It is divided into two regions, the telencephalon or end-brain and thalmo-
ncephalon or diencephalon. The end-brain is composed of two parts—
rhinencephalon or olfactory lobes and cerebral hemispheres. Thus, the fore
brain is sub-divided into three parts: the olfactory lobes, cerebral hemispheres and
diencephalon.

Fig. 10.1: Brain of Frog from Ventral (A) and Dorsal (B) Views: CN—Cranial Nerves
Originating from Brain.

Olfactory lobes. They form the anterior most part of the brain. Both
the lobes are united with each other except for small anterior parts, extended
upto the lateral border of nasal organs. Anteriorly a pair of olfactory nerves
arise from them. There are the first pair of cranial nerves. Each lobe contains
a cavity or ventricle known as rhinocoel or olfactory ventricle.

Cerebral hemisphere. They form the middle region of the forebrain,
and lie behind the olfactory lobes. Each cerebral hemisphere is a large, smooth,
ovoid body slightly broader at the posterior end than the anterior end. Both
the lobes are separated from each other by a deep median dorsal longitudinal
groove. The cavity of each hemisphere is known as lateral ventricle or
paracoel. Anteriorly, the paracoel is continuous with rhinocoel. The lateral
ventricles are connected posteriorly with each other as well as with the ventricle
of diencephalon or diocoel through a small aperture called foramen of Monro
or interventricular foramen. The roof of paracoel is known as pallium,
which is thicker than the pallium of fishes. More cells from the grey matter
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have moved to the peripheral positions. The ventro-lateral walls and floor of paracoel
are known as corpora striata. These are very thick. The two corpora striata are
interconnected by a tract of transverse fibres known as anterior commissure.

Fig. 10.2: Cavity of Frog’s Brain.

Diencephalon. It is an unpaired, small rectangular structure which lies
between cerebral hemispheres and the mid-brain. The cavity of diencephalon
is known as diocoel or third ventricle, which is connected with paracoel by
foramen of Monro. The roof of the diocoel is known as epithalamus. The
epithalamus is thin and along with pia-archnoid membrane constituting
anterior choroid plexus which are irregular, branched and highly vascular
structures in the diocoel. It secretes cerebrospinal fluid. The side walls are
called optic thalami. These are very thick. The floor of the third ventricle is
called as hypothala-mus. On the ventral surface of the hypothalamus is the
crossing of two optic nerves coming from the eyes. it is known as optic
chiasma. Just behind the hypothalamus gives out a median bi-lobed structure
known as infundibulum. Another smaller and oval outgrowth, the hypophysis
occurs just behind the infundibulum. The infundibulum and hypophysis together
form the pituitary gland and functions as an endocrine gland.

The dorsal wall of the diencephalon is projected upwards in the form of
a hollow ridge known as pineal stalk. It bears a knob-like structure known
as pineal body. The pineal body is present in tadpole larva but during
metamorphosis, it separates from the pineal stalk and shifts to lie outside the
skull beneath the dorsal skin of the head as brow spot. It is apparently a
vestige of what may at one time have been a third eye. The transverse fibrous
bands connect the two optic thalami together. These are a dorsal commissure
in front and a posterior commissure behind.
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10.2.3 Mid-brain or Mesencephalon
Two large prominent oval sac-like structures are situated on the dorsal side of the
brain. These are known as optic lobes or corpora bigemina. They are partly
visible from the ventral side. Each lobe contains a cavity or ventricle known as
optocoel. Both the optic ventricles open into a narrow median passage known as
iter or aqueduct of Sylvius. The iter also connects the diocoel with the fourth
ventricle together. Fibres of optic nerves, forming the optic thalami of the
diencephalon, terminate in the wall of optic lobes. The ventral and ventro-lateral
walls are thickened due to presence of two fibrous bands known as crura cerebri.
They serve to connect the fore-brain to the hind-brain.

10.2.4 Hind-brain or Rhombencephalon
It consists of the cerebellum in front and medulla oblongata behind.

Cerebellum. It is a narrow, thin band which extends transversely upon the
dorsal surface of the brain just behind the optic lobes. Its cavity is known as
cerebellar ventricle which is very small.

Medulla oblongata. It is the last part of the brain and is very important. It
is somewhat conical, broad in front and tapering posteriorly and passes into the
spinal cord without any external line of demarcation. Its cavity or ventricle is known
as fourth ventricle or metacoel. The metacoel communicates with the cavity of
diocoel by iter anteriorly and with the central canal of spinal cord behind. The
roof of the metacoel is thin and with pia-arachnoid membrane, it forms the posterior
choroid plexus. The floor of the metacoel is very thick.

Check Your Progress

1. Name the various meninges present around brain in frog.
2. The fluid filled between the meninges is called.
3. Where is the foramen of monro found in brain.
4. What do you mean by corpora bigemina.

10.3 BRAIN OF UROMASTIX

The brain of Uromastix is an elongated, whitish structure, situated in the cranium.
It is covered by two meninges, these are an outer cranial dure or duramater
formed mostly of connective tissue, and an inner highly vascular pia-arachnoid
membrane derived from the cells of the neural crest. Inside and outside the
duramater are narrow spaces called subdural and epidural spaces respectively.
Both these spaces are filled with cerebrospinal fluid. Epidural space contains,
besides cerebrospinal fluid, fatty and connective tissues and a number of veins.
The cerebrospinal fluid is mostly secreted in parts of the brain. The cranial cavity
is lined by fibrous tissue, the endorachis (periosteum). The meninges,
cerebrospinal fluid endorachis and cranium are protective covering of the brain.
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The brain can be divided into three parts:
Fore-brain (Prosencephalon) comprising the telencephalon (end brain)
and diencephalon. The telencephalon consists of olfactory lobes
(rhinencephalon) and cerebral hemispheres (great brain).
Mid-brain (Mesencephalon) consisting of optic lobes (corpora
bigemina) and crura cerebri.
Hind-brain (Rhombencephalon) consisting of cerebellum
(metencephalon) and medulla oblongata (myelencephalon).

10.3.1 Fore-brain or Prosencephalon
Olfactory lobes. The olfactory lobes form the anterior most part of the brain.
Each lobe is drawn forward to form the narrow and delicate olfactory peduncle
or stalk, which terminates into a swollen olfactory bulb. The entire olfactory
lobe contains a cavity, the rhinocoel or olfactory ventricle.

   

Fig. 10.3: Brain of Uromastix. A—Dorsal View; B—Ventral View.

Cerebral hemisphere. The smooth cerebral hemispheres are compara-
tively large, being roughly oval in outline and separated from each other by a
deep dorsal median longitudinal fissure. Each cerebral hemisphere encloses a
cavity called lateral ventricle or paracoel, that continues anteriorly with the
rhinocoel of the olfactory lobe of its side. The roof of paracoel is thin and
called the pallium, ventral and lateral walls are very thick which together
constitute the corpus striatum. The two corpora striata are connected by
the anterior commissure. The corpora striata receive many efferent fibres
from the side walls of diencephalon called thalami, indicating a tendency of
transferring more and more functions to the cerebrum. Just above the anterior
commissure is hippocampal commissure, connecting the hippocampal areas
of cerebral hemisphere, which are really the olfactory centres receiving afferent
fibres from the olfactory organs.
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Diencephalon. It is small and pressed between part cerebrum and mid-
brain. It encloses a cavity called diocoel or third ventricle. Diocoel communicates
the lateral ventricles of cerebral hemispheres by a small common aperture, the
foramen of Monro. The roof of the diocoel is called epithalamus. Its anterior
part is highly vascular, forming the anterior choroid plexus which is continued
into the lateral ventricle through the foramen of Monro. Behind the anterior choroid
plexus lie the Habenular and posterior commissures. The side walls of the
diocoel are thick and are termed the thalami or optic thalami, in which the nerve
fibres of optic nerves end. The floor of the diocoel is also thick and called
hypothalamus. It is produced downwards into the infundibulum. To the distal
end of infundibulum is attached the hypophysis. These two structures together
are known as pituitary body. In front of the pituitary body lies the crossing of
optic nerves, the optic chiasma. The epithalamus has a well-developed epiphyseal
or pineal apparatus consisting of an anterior eye-like parietal body, and a
posterior pineal body.

Fig. 10.4: Brain in Sagittal Section Showing Ventricles.

The parietal body, as believed is used to function as an eye opening to the
outside through the parietal foramen in the skull. The parietal eye still continues
to discriminate light from dark in many lizards such as Varanus, Anguis, Lacerta
and in Sphenodon (a living fossil). On the thin dorsal wall of the third ventricle
there are, at least embryologically, not only pineal and parietal bodies, but also a
third evagination, the paraphysis, which is anterior in position and actually it belongs
to telencephalon. The paraphysis usually undergoes degeneration in adult life
and its function is still unknown.

10.3.2 Mid-brain or Mesencephalon
Optic lobes. These are prominent, oval bodies on the dorsal side of the brain, in
contact with cerebral hemispheres in the front. Each optic lobe contains a cavity
called optocoel. Two, the cavities open into a narrow, median longitudinal canal
aqueduct of Sylvius or iter. The iter connects the diocoel of diencephalon
anteriorly and metacoel (cavity of cerebellum) posteriorly.

Crura cerebri. They are thick, longitudinal bands of nerve-fibres, below
the optic lobes, connecting the diencephalon to medulla oblongata.
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10.3.3 Hind-brain or Rhombencephalon
Cerebellum. Like the brain of frog, the cerebellum is poorly developed. It is
mearly a flattened ridge at the anterior dorsal surface of the medulla oblongata.

Medulla oblongata. It is the posterior most part of brain. It is broad in
front and narrow behind. It has a prominent ventral flexure, where it passes
into the spinal cord. The cavity of the hind brain is called fourth ventricle or
metacoel or myelocoel. The roof of metacoel is thin, highly folded and vascular
known as posterior choroid plexus.

All the ventricles of the brain are filled with cerebrospinal fluid secreted
by choroid plexuses, and the ependymal cells forming the inner lining of the
brain.

Check Your Progress

5. Differentiate duramater from piamater.
6. Another name of prosencephalon is called.
7. What is the exact position of diencephalon?

10.4 BRAIN OF PIGEON

Birds possess good sense organs and a high sense of intelligence, so that the
avian brain is roughly ten times the size of that of the reptile of the same size
and it is comparable with that of mammals.

In birds the brain is short, broad and rounded in form. It is whitish in
colour. It is covered over by two protective membranes or meninges, an
outer tough duramater of connective tissue and inner highly vascular
arachnoid. Between the two membranes is cerebrospinal fluid.

The brain is divided as usual into three parts:
Fore-brain or Prosencephalon
Mid-brain or Mesencephalon
Hind-brain or Rhombencephalon

10.4.1 Fore-brain or Prosencephalon
It comprises of (a) olfactory lobes. These are conical and very small so that
the power of smell is very poor. The cavities or ventricles of olfactory lobes
are called rhinocoel. (b) Cerebral hemispheres are very large and convex.
They are separated by a deep sagittal fissure. The cerebral hemispheres are
smooth and devoid of folds or fissures, characteristic of mammals. The cavities
of cerebral hemispheres are called lateral ventricles or paracoel. Their roof
or pallium is very thin and the cerebral cortex is poorly developed. The ventro-
lateral walls of cavities are very thick and made up of corpora striata. The
learning behaviour and ability to adjust in flight are due to the enormous
development of corpora striata. An anterior commissure interconnects the
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corpora striata of two cerebral hemispheres. (c) Diencephalon. It is covered
over by cerebral hemispheres on the dorsal sides but visible on the ventral side.

On the dorsal side just below the median sagittal fissure of cerebral
hemisphere lies a single, small, delicate, median pineal body. On the ventral
side of diencephalon, there is a median projection called infundibulum,
bearing a large hypophysis or pituitary body. In front of infundibulum is
optic chiasma, formed by the crossing of two optic nerves coming from optic
lobes.

Fig. 10.5: Brain of Pigeon. A—Dorsal View; B—Ventral View.

The cavity of diencephalon is called diocoel or third ventricle connected
to paracoel by foramen of Monro. Its thin roof is known as epithalamus
containing a vascular tissue in front of the pineal body called anterior choroid
plexus. The lateral walls are thick and called optic thalami, and the thick
floor is termed hypothalamus. A posterior commissure separates the
diencephalon from the mid-brain.

10.4.2 Mid-brain or Mesencephalon
It is represented by two large, oval optic lobes, shifted laterally due to backward
extension of cerebral hemispheres. The two optic lobes are connected together
by a transverse optic commissure.

Fig. 10.6: Brain of Pigeon (Lateral View).
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The cavities of optic lobes are called optocoel. The optocoel are connected
to diocoel by iter or aqueduct of Sylvius. Thick longi-tudinal bands of nerve
fibres called crura cerebri are seen beneath the optic lobes to connect the
diencephalon with medulla oblongata.

Fig. 10.7: Brain with Cavities Opened from Above.

10.4.3 Hind-brain or Rhombencephalon
It comprises:

Cerebellum. It is well developed and relatively larger than mammals. It is
divided into large median lobes called vermis and two small conical lateral lobes
or flocculi. This is concerned with a sense of equilibrium and great power of
muscular co-ordination.

Medulla oblongata. It is the last part of the brain and is covered over by
the cerebellum on dorsal side. It is broader in front and tapers behind to merge
into the spinal cord. The point where the medulla and spinal cord meet is a well-
marked ventral flexure.

The cavity of medulla is called fourth ventricle or metacoel or myelocoel.
Its floor and side walls are thick whereas the roof is thin-walled and highly vascular
called posterior choroid plexus. The choroid plexus helps in the formation of the
cerebrospinal fluid.

Check Your Progress

8. Which is the greately developed part in the brain?
9. What is the nature of optic lobes?

10. What is the another name of metacoel?

10.5 BRAIN OF RABBIT

In Rabbit, the brain lies in the cranial cavity. It is covered over by three
membranes called meninges. The innermost meninx is the piamater. It is very
thin and highly vascular and closely invests the brain. The outermost is
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duramater. It is thick and tough and lines the cranial cavity. The middle meninx is
the arachnoid membrane. It is also thin and vascular. Between the piameter and
arachnoid membrane there is thin space, the subarachnoid space, and similarly a
subdural space lies between the arachnoid membrane and duramater. These
spaces contain cerebrospinal fluid to protect the brain from external shocks and
dessication. The brain is divided into three regions:

Fore-brain or Prosencephalon
Mid-brain or Mesencephalon
Hind-brain or Rhombencephalon

10.5.1 Fore-brain or Prosencephalon
It is greatly developed in all the mamamls. It comprises of (i) Olfactory lobes,
(ii) Cerebral hemisphere and (iii) Diencephalon.

Olfactory lobes. These are a pair of club-shaped structures forming the
anterior most part of the brain. Both the lobes are separate i.e. not fused with each
other. Each lobe consists of two parts: an olfactory bulb and an olfactory tract.
The olfactory tract can be observed from the ventral side as they are concealed
beneath the cerebral hemisphere on the dorsal side. A groove on the outer side of
this tract separates it from frontal lobes called rhinal fissure. At the anterior end
of the rhinal fissure are olfactory lobes while at the posterior end are hippocampal
lobes. These two lobes together constitute rhinencephalon. Each olfactory lobe
encloses a cavity, the olfactory ventricle or rhinocoel, which is extremely narrow.
It opens behind into the lateral ventricle of its side.

Fig. 10.8: Brain of Rabbit from Ventral (A) and Dorsal (B) Views; Digits Indicate Cranial
Nerves.

Cerebral hemispheres. These are well developed and form about 2/3
of the whole brain. These is a pair of very large triangular bodies, somewhat
pointed in front and broad behind. Collectively they are called cerebrum. They
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partly cover the olfactory lobes in front and extend backward over the
diencephalon and mid-brain almost touching the cerebellum. Dorsally,
between the two cerebral hemispheres there is a median fissure. Laterally
Sylvian fissure divides each hemisphere into an anterior frontal lobe, median
posterior median lobe and posterior lateral temporal lobe. On the vertical surface
of each cerebral hemisphere there is a shallow groove called hippocampal sulcus
which divides the hemisphere longitudinally into two parts—outer consists of frontal
and parietal lobes and inner side has hippocampal lobe. Ventrally, two cerebral
hemi-spheres are connected by a transverse band of white medullated fibres,
known as corpus callosum or anterior pallial commissure forming the roof of
lateral ventricles. Its anterior end is bent downward and is called the genu while
the posterior part is raised upwards and forms the splenium. Splenium unites
with another tract of longitudinally running medullated fibres called fornix. The
fornix is formed by the union of two strands of fibres. The anterior pillars of fornix
connects the hippocampal lobe with the hypothalamus and mammillary body
and the posterior pillar of fornix unites with the splenium. These fibres are
collectively called taeniae hippocampi. Between the corpus callosum and fornix
there is a membranous septum, septum pellucidum separating cerebral
hemispheres. A narrow space is left here between the cerebral hemisphere on
either side of the septum. This is called fifth or zero ventricle or pseudocoel
because it is not a true ventricle.

Fig. 10.9: Cavity of Rabbit’s Brain.

Each cerebral hemisphere contains a ventricle called paracoel or lateral
ventricle. Lateral ventricle have paracoel or paired anterior and posterior
cornu or prolongations. The anterior cornu continued into the olfactory bulb
to form the rhinocoel. The roof and lateral walls of paracoel are thin and are
called pallium. The floor and ventrolateral walls are thickened to form corpora
striata joined by the anterior commissure. The inner vertical wall of the lateral
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ventricle is thin and termed as septum lucidum. The two lateral ventricles
communicate with each other and also with the third ventricle by foramen of
Monro.

Diencephalon. It is comparatively small and is completely shadowed
dorsally by the backward growth of the cerebrum. Its dorsal surface is raised into
a pineal stalk bearing a small rounded body, the pineal body. On the ventral
side of the diencephalon there is a funnel-shaped depression, the infundibulum,
bearing hypophysis or Rathke’s pouch at its free end. Hypophysis and
infundibulum constitute together the pituitary body. The pituitary body is provided
with a swelling on the posterior side called corpus albicans or corpus
mammillare. Two optic nerves cross each other in front of the infundibulum to
form the optic chiasma. The cavity of diencephalon is called diocoel which remains
connected to the paracoel by foramen of Monro. The roof of the diocoel is
formed of epithelium and is called epithalamus. It is covered by vascular piamater.
The two layers fused together are collectively called tela choroidea. Vascular
folds of tela choroideas project into the diocoel to form the anterior choroid
plexus, which extend into paracoel through the foramen of Monro. Anterior
choroid plexus secrete the cerebrospinal fluid. The thick lateral walls of diocoel
are called optic thalami forming the middle commissure or massa commissure.
The floor of diocoel is called hypothalamus bearing infundibulum and hypophysis.
The optic lobes are solid devoid of optocoel but between them there is a narrow
passage, the iter to connect the third and fourth ventricles together.

Fig. 10.10: Sagittal Section of Rabbit’s Brain.

10.5.2 Mid-brain or Mesencephalon
It consists of (i) optic lobes and (ii) crura cerebri.

Optic lobes. Four optic lobes are situated on the dorsal surface of the mid-
brain, although most part of the mid-point remains covered by cerebral hemispheres.
Out of four lobes, anterior two are larger called superior coliculi than the posterior
ones called inferior coliculi. The anterior and posterior lobes are connected by
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means of posterior commissure. The four optic lobes together form corpora
quadrigemina.

Crura cerebri. On the ventral side of the mid-brain below the optic lobes
are two thick long bands of nerve fibres called crura cerebri. They are composed
of white matter.

10.5.3 Hind-brain or Rhombencephalon
It consists of (i) cerebellum or metencephalon and (ii) medulla oblongata or
myelencephalon.

Cerebellum or metacephalon. It is well developed in the rabbit. It
consists of a large median central lobe called vermis, lateral lobes situated
on the sides of vermis and two floccular lobes situated on the outer sides of
lateral lobes. The vermis is further divided into anterior, middle and posterior
parts. The surface of the cerebellum is not smooth, it is thrown into numerous
folds, the gyri, separated by grooves, the sulci. The cerebellum is solid like
optic lobes but in a section it shows a tree-like pattern of branching, the
arbor vitae. Metacoel is hardly developed.

Fig. 10.11: Transverse Sections of Cerebrum (A) and Cerebellum (B) of Rabbit’s Brain.

Cerebellum is connected to other parts of the brain by three pairs of fibrous
tracts, the anterior or superior peduncle or cerebellar peduncle connects it
with the posterior optic lobes. Middle peduncle joins it with the pons Varolii
and posterior peduncle connects it with the medulla and indirectly to the spinal
cord.

Medulla oblongata or mylencephalon. It is the posterior most part of
the brain and located underneath the cerebellum. It is broader in front but tapers
posteriorly so as to form the spinal cord. The junction of medulla and spinal cord,
forming a pointed depression, is called calamus scriptorius. On the ventral side
of the anterior end of the medulla oblongata there is a flat band of transverse nerve
fibres called pons varolii which connect the two halves of the cerebellum.

The cavity of medulla is called myelocoel. Its roof is thin, vascular and
non-nervous. It consists of an epithelium fused with piamater. Vascular folds
of the roof project into fourth ventricle the posterior chorid plexus fold. It is
perforated by a small median aperture, foramen of Magendie and two lateral
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formina of Luschka. The floor and lateral walls of myelocoel are very thick. The
amount of cerebrospinal fluid in an average man is about 135 ml and about
500 ml is filtered daily. The fluid must be circulated and be reabsorbed into blood
through arachnoid villi. If this fluid accumulates in subdural space, it results into
external hydrocephalus and if in the ventricles, it is internal hydrocephalus.

Check Your Progress

11. Name all the meninges present in the brain.
12. Which is the highly developed part in the brain?
13. Name all the lobes present in the cerebrum.

10.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. In frog there are two meninges, an outer duramater and inner piamater.
2. It is the cerebrospinal fluid that fills up the spaces present between the

meninges.
3. Foramen of Monro is located at the base of cerebrum where both the

lateral ventricles unite together.
4. There are two optic lobes in frog and other amphibians enclosing

optocoel.
5. The duramater is attached to the skull whereas pia mater is attached to

the central nervous system (brain/spinal cord). Duramater is strong,
thick and dense membranous where as piamater is membranous and is
pierced by blood vessels.

6. Prosencephalon is also called the future forebrain, which includes the
telencephalon and the diencephalon.

7. Diencephalon is the last part of forebrain which is clearly visible in the
side view. It is found just above the brain stem between the cerebral
hemisphere.

8. Cerebrum is the greatly developed (biggest) part of the brain occupying
about 1/3 to 2/3 of total brain.

9. Optic lobes are hollow in amphibia enclosing a cavity called optocoel
whereas in mammals there is no optocoel thereby proving the solid
nature of optic lobes.

10. Metacoel is the IVth ventricle present in the last part of the brain, the
medulla oblongata.

11. There are three types of meninges present around brain, these are:
Duramater – the outermost covering present just inner to the skull.
Similarly piamater is the inner most and vascular covering. In between
these two arachnoid is developed in mammals.
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12. Cerebrum is the biggest part of the brain occupying 1/3 to 2/3 of total brain
13. Mammalian cerebrum is further differentiated into a number of lobes:

temporal, frontal, parietal, occipital and hippocampal lobes.

10.7 SUMMARY

It is the irritability of protoplasm from where the nervous system of higher
animals evolved. The nervous system is divisible into central, peripheral and
autonomic systems. Central nervous system is always present along the longest
and central axis of the body and is further divisible into brain and spinal cord. The
coverings of CNS are collectively called meninges and the space bounded by
these membranes is filled with cerebrospinal fluid. Brain is further divided into
prosancephalon, mesencephalon and metencephalon. Each one of these is further
divisible into various lobes or parts to perform the different functions. Cerebrum is
the biggest and highly developed part and is also said to be centre of voluntary
actions, whereas hind brain is the centre of involuntary actions. The inner cavity of
CNS is the neurocoel, which is modified into variable ventricles in brain.

10.8 KEY TERMS

Dementia: It is the mental deterioration as a result of physical changes
within the brain. Certain intellectual functions, particularly memory are
progressively lost.
Hydrocephalus: A condition in which fluid accumulates in the brain, typicaly
in young children enlarging the head and sometimes causing brain damage.
Migraine:  A recurrent throbbing headache that typically affects one side
of the head and is often accompanied by nausea and disturbed vision.

10.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define all the three types of nervous systems.
2. Write down the name of all ventricles of brain.
3. Describe the cerebrospinal fluid.
4. Write notes on hippocampal lobes.

Long Answer Questions
1. Draw a labelled diagram of mammalian brain.
2. Describe the various lobes of cerebrum.
3. Write notes on diencephalon and metencephalon.
4. Explain the optic lobes of frog, varanus, bird and mammal.
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11.10 Further Reading

11.0 INTRODUCTION

Reproduction is the mechanism by which the thread of life is sustained. It is
the process by which a single cell duplicates its genetic material, allowing an
organism to grow and repair itself. In this sense, reproduction enables the
individual organism to maintain its own life. But reproduction is also the
process by which genetic material is passed from generation to generation. In
this regard, reproduction maintains the life of the species. In higher animals,
including humans, reproduction is sexual. Individuals are either male or female
and produce male or female sex cells, which must unite to form a new individual
and perpetuate the species.

11.1 OBJECTIVES

After going through this chapter, you will be able to:
Corelate urinary and genital systems.
Describe the functional unit of kidney.
Explain the male and female reproductive organs of vertebrates.
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11.2 URINOGENITAL SYSTEM OF FROG

Although the function of the kidney is different from that of the gonad, the ducts of
the two organs are so closely related that neither the urinary nor the genital system
can be discussed without constant reference to the other. For this reason, both the
systems i.e., excretory and reproductive systems are discussed in a single heading.

11.2.1 Excretory System
The excretory system consists of a pair of kidneys, ureters, urinary bladder and
cloaca.

Kidneys

The paired kidneys are compact, dark-red elliptical structures located a little behind
the middle of the trunk above the coelom, in a sub-vertebral lymph sinus, one on
each side of the dorsal aorta. Each kidney is covered ventrally with peritoneum.
The inner border is straight and intended but the outer border is convex and smooth.
On the ventral surface of each kidney, an elongated, irregular and adrenal or
suprarenal gland is present. It is yellowish in colour.

On the ventral side at the anterior end, the gonads are attached to the kidneys
by means of a fold of peritoneum.

Fig. 11.1: Frog. Urinogenital Organ of Male.

Each kidney is made up of a large number of coiled tubules called the
uriniferous tubules or nephrons. These tubules are held together by highly
vascular connective tissue, and are richly supplied with blood capillaries. Each
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nephron is a much-coiled structure, which is lined by a cubical, glandular and
ciliated epithelium.

One end of the uriniferous tubule is closed while the other opens into one of
the larger tubes called the collecting tubes. There are three distinct parts in each
uriniferous tubule, viz. Bowman’s capsule, neck and body. The terminal end of
every excretory tubule develops a cup-like structure by a process of evagination.
It is lined by squamous epithelium and encloses a bunch of capillaries called
glomerulus. A bowman’s capsule and its glomerulus together form the Malpighian
body or renal corpuscle. The glomerulus is attached on one side with afferent
arteriole and on the other side by efferent arteriole. The efferent arteriole ramifies
into a network of peritubular capillaries around the convoluted tubules of the
nephron. The neck of the rephron is a small region next to Bowman’s capsule. It is
lined with ciliated cuboidal epithilium. Behind the neck, the tubule runs dorsally
and becomes coiled on the ventral surface and again goes to the dorsal surface
and opens into the transverse collecting tubules. Transverse collecting tubules extend
transversely across the width of the kidney near its dorsal surface, all open medially
into a Bidder’s canal and laterally into the longitudinal collecting duct or ureter.
The ureter which emerges out of the kidney is known as urinogenital duct in male.
In female, the genital and excretory ducts open separately, hence called ureters.

Fig. 11.2: An Uriniferous Tubule.
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Blood is supplied to the kidney by two different vessels—the renal artery
and a renal portal vein. Each one of these undergoes anastomosing, forming a
network like structure of blood capillaries. Such a structure in Bowman’s capsule
is called glomerulus. Each glomerulus receives blood from the afferent arteriole
and supplies to the efferent arteriole. The efferent arteriole is narrower than the
afferent arteriole. The renal portal vein joins the capillary network around the
body of the uniniferous tubuli directly. The renal veins drain the blood away from
the kidney.

Nephrostomes. On the ventral surface of the kidney, a number of small
ciliated funnels are present known as nephrostomes. These open through the
peritoneum into the coelom. Internally, each funnel opens into a branch of the
renal vein. These funnels connect the coelomic fluid and blood vascular system.
According to Marshall, in the tadpole, these funnels open into the uriniferous
tubules instead of blood vessels.

Ureters

In female frog, the ureters are slender transparent ducts leaving the posterior
outer border of the kidneys. They run backwards and open into the cloaca
through its dorsal wall. They do not correspond to the ureters of the higher
vertebrates, and should, therefore, be called wolffian or wesonephric ducts.
In the male frog, the ureters function as the urinogenital ducts i.e., the ureters
also carry the sperms.

Urinary Bladder

It is a thin-walled, transparent, bi-lobed, highly distensible sac. It is situated
in the posterior part of the body cavity ventral to the rectum and cloaca. It
opens through its ventral wall into the cloaca. Its opening lies more or less
opposite to the opening of the ureters. Its wall is provided with bands of
unstriped muscle fibres. Its opening into the cloaca is also guarded by a
sphincter.

Cloaca

The cloaca is a small median chamber where the urinogenital ducts and rectum
opens. It opens out by a cloacal aperture situated at the end of the trunk
between the hind-limbs. This opening is also guarded by the sphincter.

The kidneys are mainly responsible for removal of nitrogenous waste
products from the body. The nitrogenous waste product is mainly the urea.
Thus, frog is a ureotelic. The urea is formed in the liver from ammonia and
carbon dioxide. Ammonia is liberated by deamination of amino acids (proteins).
The urea is brought to the kidney by renal arteries which form the afferent
arteriole in the kidney. The afferent arteriole and efferent arteriole are joined
by fine capillary mass, the glomerulus. In Bowman’s capsule, the ultra-
filteration takes place. With the filterate, useful as well as waste products are
passed out from the glomerulus. The useful substances are reabsorbed from
the uriniferous tubules and the urea, salts, and water remain in the fillterate
known as urine. Urine from uriniferous tubules passes into the transverse
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collecting tubules, it is brought to the cloaca via ureters or urinogenital ducts.
Here, the urine is stored temporarily for reabsorption of water into the blood. It is
discharged through the cloacal aperture at intervals. The sphincter muscle which
surrounds the opening of the bladder into the cloaca and that which guards the
cloacal aperture are relaxed for the discharge of the urine. The bladder gets
gradually compressed by the contraction of the abdominal muscles.

The kidney, other than excreting urine, also regulates water contents of the
blood. The body fluids are hypertonic to fresh water. Thus, water passes
osmotically into the body through the semi-permeable skin, when the frog is
in water. This absorption of water is compensated by the excretion of copious
and dilute urine. A frog can expel urine equal to one-third of its body weight.
When the frog is on land, it loses water by evaporation from the skin. Therefore,
more water is reabsorbed into the blood in the kidneys. Some water is also
reabsorbed into the blood from the urine in the bladder. Hence, less urine is
passed out.

11.2.2 Reproductive System
Sexes are separate, and clean-cut sexual dimorphism is seen. The gametes
are involved in sexual reproduction. These are formed in gonads which are a
pair of mesodermal structures. Certain other structures called accessory organs
also aid in reproduction. The gonads and the accessory structures form the
reproductive system.

Male Reproduction System

The male reproductive system is composed of testes (gonads), vasa-efferentia,
urinogenital duct and cloaca.

Testes. These are a pair of yellowish, ovoid bodies measuring about
1.25 cm in length. Each testis is attached to the outer part of the kidney by a
double fold of peritoneum known as mesorchium. There is a thin connective
tissue membrane beneath the mesorchium which is called tunica albuginea.
It envelopes the entire mass of testes. Each testis is made up of a number of
seminiferous tubules in which spermatozoa are formed. Each seminiferous
tubule is formed of a layer of actively dividing cells known as germinal
epithelium. The germinal epithelium rests on a thin basal membrane called
membrane properia on the outside. The germinal epithelial cells are called
primordial germ cells. They proliferate and by spermatogenesis, give rise to
the sperms or spermatozoa present in the lumen of tubule. Each seminiferous
tubule is connected with a small collecting tubule. These tubules unite to
form about one dozen of the fine ducts called vasa efferentia. Here and there
groups of special cells are present between the seminiferous tubules in the
connective tissue known as intertitial cells, which secrete hormones. Blood
vessels and nerve fibres are also present in connective tissue.

Vasa efferentia. These are about 10-12 in number arising from the
inner border of each testis and run inward the mesorchium and enter the
kidney of their side. In the kidney, they open into the Bidder’s canal which is



NOTES

Comparative Account of
Urinogenital System

Self-Instructional
168 Material

a longitudinal tube situated along the median edge of the kidney, communicates
with the ureter by transverse collecting tubules. The ureters, thus serve a double
function. They drain away urine as well as the sperms. Consequently, they are
called urinogenital ducts in the male frog. Each urinogenital duct possesses an
enlargement known as seminal vesicle. The urinogenital ducts run backward
and downward and finally open through its dorsal wall by separate apertures into
cloaca.

Cloaca. The cloaca is a small median chamber which opens out through
the cloacal aperture.

In front of the testes, there are paired yellow-branched structures known
as fat bodies or corpora adiposa. The fat bodies store food materials, which
are utilized during hibernation or aestivation.

Female Reproduction System

The female reproductive system is composed of a pair of ovaries (gonads),
oviducts and cloaca.

Ovaries. Ovaries are a pair of large flat, irregular, folded structures
which are attached to the kidneys by a double fold of peritoneum, the
mesovarium.

The size of ovaries varies at different times of the year. During breeding
season, the ovaries are large but during hibernation or aestivation, they become
smaller in size. They are hollow structures enclosing a lymphoidal space.

Histologically, the wall of the ovary is thin and is composed of outer
and inner epithelia (made up of flat cells) with a storma of connective tissue
in between. The stroma contains blood vessels, nerves and muscle fibres. The
outer epithelium is modified into the germinal epithelium at certain places.
The cells of germinal epithelium are diploid and undergo proliferation to give
rise to the developing oocyte. These oocytes grow in size and project into the
lumen of the ovary. Soon several small cells surround the developing oocyte
and the entire structure thus developed is called the ovarian follicles. It is the
inner epithelium of the ovary that surrounds the ovarian follicle. The mature
ovum is a large rounded cell with a prominent nucleus and yolk. Its cytoplasm
contains a good amount of albuminous and fatty yolk. It is aggregated in one
half cell, the vagetation pole. The other half i.e., the animal pole, is free from
yolk, and is black due to deposition of black pigment on its surface. A thin
vitelline membrane surrounds the ovum inside the follicular epithelium which
is secreted by the ovum itself.

Oviducts. These are long white, highly convoluted tubes like structures
present in the coelom above the ovaries. The anterior end of each oviduct lies
on the dorsal aspect of the base of the lung of its side and opens into the
coelom by a ciliated, funnel-like aperture, the ostium or infundibulum.
Posteriorly, each oviduct widens so as to form a large thin-walled chamber,
called the ovisac or uterus. It again becomes narrow behind the ovisac and
opens into the cloaca through its dorsal wall a little in front of the openings of
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ureters. The oviduct is lined with ciliated cells and glandular cells are present here
and there.

Cloaca. It is a median sac which opens outside through cloacal aperture. A
pair of yellowish organs attached to the anterior end of the ovaries are known as
fat bodies.

Eggs. The egg in the ovary is separated from the body cavity by the thin
non-vascular theca externa, which is ruptured and the egg slowly emerges out of
the small opening. The ovulation is under the control of some pituitary hormones.
The first maturation division occurs at the time of ovulation and the first polar body
is extruded. Now, the egg is known as primary oocyte. It is released in the body
cavity. About half of its surface is furnished with a layer of pigment and, therefore,
appears blackish brown in colour. This area is called animal hemisphere and
contains a large egg nucleus or germinal vesicle. The other half is lighter in colour
and it is filled with yolk. This area is known as vegetal hemisphere. The II
maturation division begins soon after. The first is over after the extrusion of I polar
body, but it is not completed till the egg is activated by the sperm, as such the egg
is laid in the metaphasic stage of the II maturation division. The egg measures
about 2 mm. in size. As the egg moves down the oviduct, the albumen swells to
form a jelly when it comes in contact with water in which the eggs are laid. The
albumen sticks together forming the characteristic frog-spawn.

Check Your Progress

1. Define the term opisthonephros.
2. Where is bidder’s canal found?
3. Name the mesenteric covering present around testis and kidney both.

11.3 URINOGENITAL SYSTEM OF VARANUS

In Uromastix the excretory and reproductive systems are closely associated,
therefore, the two systems are studied together under the heading uronogenital
system.

11.3.1 Excretory System
The excretory system is similar in both the sexes. It consists of a pair of
kidneys, a pair of ureters and a urinary bladder.

Kidneys. The kidneys are metanephric present in the posterior region
of the abdominal cavity attached to dorsal body wall, one on either side of
and close to median line. They are covered by peritoneum on ventrla side.
Each kidney is elongated, flattened and dark red in colour and roughly divided
into two lobes: (a) an anterior lobe which is free and (b) posterior lobe which
is tapering and fused with posterior lobe of other kidney. Thus the anterior
broad lobes of both the kidneys are free while the posterior lobes are fused to
give a ‘V’ shaped structure. The fusion is, however, not complete. A connective
tissue pad separates the two parts.
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Ureters. From the ventral surface of each kidney arises a short metanephric
duct or ureter. It is partly embedded in the substance of kidney. Both the ureters
open behind in a chamber of cloaca, the urodaeum. Their openings are situated
on smal papillae present on dorsal side of urodaeum.

Urinary bladder. Attached to the cloaca is a median thin wall sac, the
bladder, which is originated from the posterioventral border of the urodaeum.
In crocodiles and snakes, bladder is absent. It is present in turtles and other lizards.
The chief function of kidneys is to separate nitrogenous waste products from the
bladder in the form of uric acid. Uric acid leaves the kidney along with small
amount of water forming urine. The urine is yellowish fluid. Via the ureters, the
urine is carried to urodaeum, whence it passes into the urinary bladder. From the
urine water is almost completely reabsorbed in bladder and cloaca so that nearly
solid urine consisting of mainly uric acid is finally eliminated.

11.3.2 Reproductive System
The reproductive system is different in both the sexes.

Male Reproductive Organs

The male lizard possesses a pair of testes, vasa diferentia and hemipenes.
Testes. These are white, oval bodies situated in the abdominal cavity quite

ahead of the kidneys, one on either side. Both the testes are not on the same level,
generally, the testis of the right side is slightly ahead of the left. Each testis is
suspended in the body cavity by a double fold of peritoneum called the
mesorchium. Each testis is made up of numerous seminiferous tubules lined with
germinal epithelium. The germinal epithelium by spermatogenesis produces
spermatozoa or sperms. Hormone producing Leydig’s cells are present in the
connective tissue around tubules.

Vasa deferentia. Some anterior tubules of the mesonephros are connected
to the seminiferous tubules to testes of each side to become the vasa efferentia,
which in turn connect to form the vasa deferentia. The posterior part of the
mesonephric kidney is left as Wolffian vestiges lying obliquely at posterior margin
of the testis. The vasa dererentia or Wolffian ducts are narrow tubes running
backward from the testes along the dorsal body wall. Posteriorly the vasa deferentia
pass along the ventral surface of kidneys and open into the urodaeum. Their openings
are situated infront of the openings of ureters. The anterior part of each vas deferens
is thickened and forms a greatly convoluted mass, the epididymis. The epididymis
is suspended in the body cavity by a dorsal broad ligament. Das (1960) described
that the vestigial Mullarian ducts persist as a pair of pentoneal stands, running
parallel to the vasa deferentia. Adrenal glands are situated posterio-lateral to the
testes.

Hemipenes. Hemipenes or hemipenial sacs are the copulatory organs of
Uromastix. Each consists of an eversible copulatory sac lying under the skin
adjacent to the cloaca and at the base of the tail. The sac communicates with the
urodaeum is attached by tetractor muscles passing from the hinder end to a number
of caudal vertebrae. They appear as pocket like swellings when withdrawn and
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almost cylindrical when everted. Each hemipenis consists of a proximal hard pedicel
or stalk and a soft distal glans or head. A longitudinal furrow or sulcus along the
outer wall of the stalk is present through which the spermatic fluid passes out
during copulation. A few scattered spines or hooklets are visible at the distal end
of each hemipenis only when the latter is erect.

During copulation only one hemipenis is inserted in the cloaca of female.
The testes produce sperms by spermatogenesis. The sperms are pass on to
the cloaca through vasa efferentia and vasa deferentia. Through the hemipenis, the
spermatic fluid is shed into the cloaca of female during copulation.

Hemispenes are also found in snakes, turtles and corocodiles there is a
single penis. It Sphenodon the hemipenis is absent.

Female Reproductive Organs
The reproductive system includes a pair of each ovaries and oviducts.

Ovaries. The ovaries are a pair of irregularly shaped organs, yellowish-
white in colour and are situated in the posterior part of abdominal cavity,
anterior to the kidneys. The right ovary is slight anterior to the left. Each
ovary is attached to dorsal body wall by a double fold of peritoneum, the
mesovarium. The outer surface of each ovary is produced into several round
raised up areas or fillicles representing the ova is different stages of
development. The mesonephric part of kidneys left as Wolffian vestige or
epoophoron remain attached to the ovaries.

Oviducts or Mullarian ducts. The oviducts are long, thin walled coiled
tubes outside the ovaries. Each oviduct remains attached to dorsal body wall
by a double fold of peritoneum, the broad ligament. The oviduct of each
side originates in the anterior part of the abdominal cavity by a wide mouthed
oviducal funnel. Its ostium facing outward. It runs back passing from outside
the ovary without convolutions but presenting striated appearance over their
greater length due to special elestic fibre bands in its wall. White passing
along the ventral surface of the kidneys, the oviducts are enlarged into shell-
glands or ovisacs. The function of ovisacs is to secrete a part of egg shall and
to store fertilized eggs. The terminal part of oviduct is known as vagina, that
opens into the urodaeum, anterior to the openings of ureters. Hemipenes are
also present in females but are very small and insignificant.

Copulation and fertilization. The sexes are separate but the sexual
dimorphism is not well marked. Uromastix breeds in March and April, during
breeding season the male and female undergo courtship followed by copulation.
Copulation occurs on clear, warm and sunny day, it is avoided on very hot,
stromy and rainy season. During copulation male looks dark brown and female
light brown. Secretion of cloacal glands in both sexes help in bringing the
sexes together. These glands lie on either side of the base of tail and open on
the sides of the penial openings. The tails of the copulants are turned out
laterally so that their cloacal openings come together and opposed to each
other. The hemipenis of male is everted and inserted into proctodaeum of the
female. The glans of the hemipenis extends further into the urodaeum to be
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inserted into the vagina. The spermatic fluid is discharged into the urodaeum from
where it is squeezed into the vagina by contraction of urodaeum. Fertilization is
internal and takes place high up in the oviducts. Egg shell is secreted in a ovisacs
and shelled eggs are deposited outside the body.

A firm grip of the copulant is aided by cone like horny projections from the
integumentary preanofemoral pores, arranged in a single row along the under
surface of the thigh and preanal region on each side. Each pore leads into a tubular
gland. The secretion of which is horny and dry hard.

The females lays 10-15 eggs inside its own burrow. The eggs are quite
large (20-30 mm) and have a thin and soft shell. The eggs are dirty white in colour
and hatch with the heat of sun.

Check Your Progress

4. Name the V shaped structure present in Varanus.
5. What is mesorchium?
6. Name the copulatory organs present in Varanus.

11.4 URINOGENITAL SYSTEM OF AVES

The excretory and the reproductive organs are studied together under the
system i.e. urinogenital system because they lie in close contact structurally
but functionally, they are quite separate

11.4.1 Urinary or Excretory System
The excretory system is similar in both sexes and includes one pair of kidneys
and one pair of ureters. A urinary bladder, which is present in other vertebrates
is altogether absent due to flight adaptations (to reduce the body weight).

Kidneys

The kidneys are of course metanephric and are provided with a very
characteristic shape. Each kidney is large, flattened three lobed and dark red
coloured body filled in the hollow of pelvis. Their ventral side is covered over
by means of perifoneuro whereas by dorsally they remain attach to the body
wall. A small yellowish elongated and streak like structure lies attached
ventrally to the anterior lobe of each kidney, it is known as adrenal gland. It
is an endocrine gland. Each kidney constitute a large number of convoluted
and tightly packed uriniferous tubules. There are 100-500 renal corpuscles in
one small glomerulus followed by a long, specialized portion called loop of
Henle. The reabsorption of water from the glomerular filterate takes here.
The kidneys receive a little venous blood from the branch of femoral veins
and large amount of arterial blood from the dorsal aorta through renal arteries.
The blood leaves the kidneys through renal veins. These renal veins unite
with femoral and rend portal veins, to form the common iliac veins.
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Ureters

Ureter on metanephric duct is formed by the union of uriniferous tubules of each
kidney. The ureters are short, narrow tubes. They arise from the vental surface of
the kidneys, between the anterior and middle lobes. Ureter runs straight backward
over the middle and posterior lobes and open into the urodaeum of cloaca, piercing
through the dorsal wall or root.

Physiology of Excretion

The excretory system is highly specialized for water conservation. For this purpose
the end product of nitrogenous metabolism is relatively insoluble uric acid. Uric
acid is synthesized in liver, probably from ammonium lactate. The uric acid
precipitates in the collecting tubules as whitish granules After being excreted by
kidneys. The urinary tubules affect a considerable concentration of urine by means
of long loop of Henle. The  viscous fluid that enters the urodaeum then passes up
into coprodaeum and large intestine. Here water is further reabsorbed and the
mixed faeces and urinary product are then excreted as characteristic semi-solid
while guano.

In marine forms nasal glands are well developed by means of which they
excrete salts.

11.4.2 Reproductive System
Pigeons are unisexual i.e. the two sexes are separate, but the sexual dimorphism is
absent.

Male Reproductive Organs
The male reproductive organs include paired testes and the vasa deferentia. The
copulatory organ or intromittenl which is homologous to hemipenis of reptiles or
penis of mammals, is completely lacking.

Testes. The testes are large, ovoid bodies varying considerably in size
according to the season. In breeding season the weight of testes is as much as
1000 times greater than it is in the non-breeding period, when they contain
only spermatogonia. Each testis remains attached ventrally to the anterior
end of kidney by a double fold of peritoneum, the mesorchium. The right
testis is often slightly smaller than the left one. Each testis consists of coiled,
narrow seminiferous tubules, lined by the epithelial cells which gives rise to
spermatozoa. Groups of Leydig cells or interstitial cells are present between
the tubules. These cells produce hormone. It has been suggested that the
abdominal air sacs, which extend into the testicular region help in keeping the
two testes cool, which is necessary for the development of spermatozoa,
otherwise the high body temperature inhibits the production of sperms,
however, there is no definite proof.

Vasa deferentia. From the inner border of each tesatis arises a narrow,
opaque, convoluted duct or vas deferens. It runs backwards along the other
side and parallel to the ureter of that side, to open dorsally into a smallpapilla
present in the urodaeum of cloca. The anterior part of each vas deferens is
much convoluted to form an epididymis. It is connected with the seminiferous
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tubules of the testis by extreme fine tubules, the vasa efferentia. The posterior
part of each vas deferens is slightly dilated to form a small seminal vescile or
vesicula seminalis, for temporary storage of spermatozoa, during the breeding
season.

Female Reproductive Organs

The female reproductive organ developed only the left side and consists of
ovary and oviduct. In the embryo, however, there are two ovaries and oviducts,
but the ovary and oviduct of right side are atrophied in adult, probably as
another means of reducing body weight. The left side ovary and oviduct persist
and become functional.

Ovary. The left ovary is large, irregular organ lying ventral to the anterior
lobe of the kidney. Like testis it is also attached to the kidney by a double fold
of peritoneum, known as mesovarium. The size increases considerably during
the breeding season. Due to presence of numerous rounded follicles of variable
sizes, the surface of ovary is quite vary. Each follicle contains a single ovum.
In ovary the ova are rich, in yolk contents, and are at various stages of
development. Sometimes, a vestigial right ovary is also present.

Oviduct. The left oviduct or Mullerian duct is a long, wide, muscular
and convoluted tube passing backward to the cloaca. It is attached to the
dorsal body wall by a double fold of peritoneum called mesotubarium. It is
differentiated into following regions.

Ostium or infundibulum. The upper end of the oviduct forms a wide,
membraneous coelomic funnel, called ostium, its margin beset with
long ciliary processes or fimbrae. It opens by a wide, slit-like aperture
into the body cavity, near the ovary. It receives the ripe ova extruded
from the follicles. The wall or ostium probably secretes the thin
chalaziferous layer of dense albumen around the fertilized eggs.
Glandular part or magnum. It is the next part of oviduct, secretes
the albumen or egg white.
Isthmus. Magnum follows a narrow portion called isthmus, which
secretes the parchment like shell membranes and some albumen.
Uterus is the 4th part of oviduct, it is thin walled and secretes the hard
calcareous shell and albumen.
Vagina. Thick walled structure. It is the 5th part, and is also well
muscularised. It probably contains unicellular glands, which secrete
the pigments and  the ectodermal cuticular layer of shell and also
produces mucous for smooth laying of eggs. The vagina opens into the
urodaeum or cloaca.
A vestigial right oviduct is also attached to the right side of the cloaca.
Significance of single ovary. In most of the flying birds, both the ovaries

and oviducts develop during the embryonic development. But later on only
the left ovary and oviduct are persisted and become functional in adults. Thus
in flying animals like birds this seems to be anadvantage.
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During non-breeding season the ovary remains small with minute eggs, but
in the breeding season, the ovary and eggs become enormously developed. The
eggs not only become numerous but also accumulate the large amount of yolk in
them before being laid. Considering the large size of eggs, the birds cannot possibly
afford to keep two functional ovaries in their body.

The retention of a single ovary also helps in the safe laying of large eggs with
breakable shells. Presence of two ovaries and oviducts might prove disastrous,
because if two eggs with breakable shell should approach the cloacal aperture
side by side at the same time, the critical stage may be developed.

A single ovary results in loss of weight as well as in decreasing the number
of egg production. It is an adaptation for flight.

Check Your Progress

7. Draw a labelled figure of urinogenital organs of male bird.
8. In birds only one ovary remains functional. Give reasons.
9. Describe mesovarioum.

11.5 URINOGENITAL SYSTEM OF MAMMALS

11.5.1 Male Reproductive System
The male reproductive system consists of two testes containing the scrotum,
accessary organs and the penis, which is sometimes referred to as the external
gentialia. The scrotum provides the favourable environment of a lower
temperature for the production of spermatozoa, the remaining structures assist
the spermatozoa to reach their ultimate goal, the ovum of the female.

Scrotum

The scrotum is a cutaneous sac having thin, pliable and relatively hairless
skin. A layer of fibro-elastic tissue mixed with smooth muscle fibres, called
the tunica dartos, is immediately deep to the skin, and in cold weather, the
muscle fibres of the dartos contract and help in holding the testes against the
abdominal wall. In contrast, when considerable amount of heat is generated
within the body, then the muscle fibres loosen so that the testes hang down
away from the body. In this way, a fairly constant testicular temperature is
maintained.

Testes

The testis is a compound tubular gland enclosed in a thick fibrous connective
tissue capsule called the tunica albuginea. The tunica albuginea is greatly
thickened along the posterior border of the testis. This thickened region is
called the mediastinum testis. Connective tissue septa project inward from
the mediastinum to divide the parenchyma into approximately 250 small
wedge-shaped testicular lobules.
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Each testicular lobule contains one to four coiled seminiferous tubules.
The seminiferous tubules are supported by a highly vascular loose connective
tissue stroma containing clusters of interstitial cells (cells of Leydig). Each
seminiferous tubule is lined with a complex stratified epithelium consisting of
spermatogenic cells and supporting cells. The spermatogenic cells are stacked
four to eight layers deep between the periphery and the lumen of the tubule.
They represent different stages in the continuous process of male sex cell formation.
The cells closest to the periphery of the tubule are germ cells called spermatogonia.
The cells closest to the lumen of the tubule are maturing sex cells or spermatozoa
(sperm). Between the spermatogonia are the elongated supporting cells or Sertoli
cells also called sustentacular cells or nerve cells. The Sertoli cells are wedge-
shaped, rich in glycogen and project into the lumen of the tubule; the spermatids
and sperms are attached to the inner margin of these cells and may be nourished
by them.

Fig. 11.3: Gross Anatomy of Testis.

Epididymis

It is also known as the main store-house of sperms. The sperms in the seminiferous
tubules, in spite of their fully formed tails, are non-motile and are believed to be
pushed passively onwards by the pressure exerted by the steadily formed fresh
cells into the straight tubules and ductuli (vasa) efferentia. The latter channels are
lined by a ciliated epithelium and a thin muscle coat, which propel the sperms and
the thin fluid in which they are suspended into the epididymis. The epididymis is a
very long convoluted tube and is lined by a muscle coat and a secretory columnar
epithelium. While the sperms are within it, they become motile, mature in other
ways and develop a greater fertilizing power.



NOTES

Comparative Account of
Urinogenital System

Self-Instructional
             Material 177

The epididymis consists of a head, body, and tail. The head, which receives
the efferent ductules, caps the superior pole of the testis. The body extends down
the posterior border of the testis. The tail, located at the inferior pole of the testis,
becomes continuous with the ductus deferens. The epididymis is covered by the
visceral layer of the tunica vaginalis, which helps bind this duct to the testis. The
fertilizing power of sperms from the distal end of the epididymis is twice as high as
that of sperms from the proximal end. It seems, therefore, that the secretion of the
epididymis normally exerts a ‘spermatotrophic’ action.

Vas Deferens or Ductus Defferens

Within the tail of the epididymis, the ductus epididymis becomes less convoluted,
its diameter increases, and at this point it is referred to as the ductus (vas) deferens
or seminal duct. The ductus deferens, about 45 cm long (18 inches), ascends
along the posterior border of the testis, penetrates the inguinal canal, and enters
the pelvic cavity, where it loops over the side and down the posterior surface of
the urinary bladder. The dilated terminal portion of the ductus deferens is known
as the ampulla. Histologically, the ductus deferens is lined with pseudostratified
epithelium and contains a heavy coat of three layers of muscle. Peristaltic
contractions of the muscular coat propel the spermatozoa toward the urethra during
ejaculation.

The spermatic cord is the structure that extends from the tail of the epididymis
to the internal inguinal ring. In addition to the ductus deferens, it contains the testicular
and deferential arteries, the pampiniform plexus of veins, and the nerves and
lymphatics of the testis and epididymis. These structures are bound together by
connective tissue and enclosed by the same fascial layers that cover the testis.

Urethra. The urethra of the male extends from the urinary bladder to the
tip of the penis, a distance of 15-20 cms (6-8 inches). It can be divided into three
regions:

The prostatic urethra passes through the centre of the prostate glands and
secretes into the urethra as it passes through the body of the prostate, and
the ejaculatory ducts of the either side communicate with prostatic urethra
midway along its length.
The membranous urethra includes the short segment that penetrates the
urogenital diaphragm, the muscular floor of the pelvic cavity. This is the
narrowest portion of the urethra, and its position makes it relatively inelastic.
As a result, perineal injuries may tear the urethra at this site.
The penile urethra extends from the distal border of the urogenital diaphragm
to the external urethral meatus (orifice) at the tip of the penis. Erectile tissue
surrounds it within the body of the penis and the penile urethra receives the
secretions of numerous mucous glands, most notably the bulbourethral glands
(Cowper’s glands) located near the base of the penis.
Accessory glands. The fluids contributed by the seminiferous tubules and

epididymis account for only about five per cent of the final volume of semen. The
seminal fluid is a mixture of the secretion of many different glands, each with
distinctive biochemical characteristics. Import glands include the seminal vesicles,
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the prostrate, and the bulbouretral glands. The combined actions and secretion of
these accessory glands activate the spermatozoa and provide the nutrients required
for motilty. The peristaltic contractions of these glands help to propel the
spermatozoa and fluids along the reproductive tract, and buffers found within the
seminal fluid counteract the acidity of the urethral and vaginal contents.

Seminal vesicle. The ductus deferens ends at the junction between the
ampulla and the duct draining the seminal vesicle. Each seminal vesicle is a
tubular gland, with a total length of around 15 cms. (6 inches). The body of the
gland has many short side branches, and the entire assemblage is coiled and folded
into a compact, tapered mass roughly 5 cms, 2.5 cms, (2 in. 1 inches)

The seminal vesicles are extremely active secretory glands and the epithelial
lining contains extensive folds. The seminal vesicles contribute about 60 per cent
of the volume of semen, and although the vesicular fluid usually has the same
osmotic concentration as blood plasma, the composition is quite different. In
particular, the secretion of the seminal vesicles contain relatively high concentrations
of fructose, a six-carbon sugar easily metabolized by spermatozoa. When mixed
with the secretion of the seminal vesicle, previously inactive but mature spermatozoa
begin beating their flagellae, and become highly mobile.

Prostate gland. The prostate gland is a small, muscular, rounded organ
with a diameter of about 4 cms (1.6 inch). The prostate surrounds the proximal
portion of the urethra as it leaves the bladder. The prostatic wall contains
roughly two dozen branching glands that produce alkaline secretion,
contributing about 30 per cent of the volume of semen. The alkalinity assists
in neutralizing the acids normally found in urethra, as well as those encountered
within the vagina. In addition to several other compounds of uncertain
significance, prostatic secretions contain an unidentified compound with
antibiotic properties that may help to prevent urinary tract infections in males.

Bulbo-urethral (cowper’s) glands. The paired bulbo-urethral
(Cowper’s) glands are situated at the base of the penis, covered by the fascia
of the urogenital diaphragm. The glands are round, with diameters approaching
10 mm (less than 0.5 inch). The duct of each gland travels along side the
caveranous urethra for 3-4 cm (1.2-1.6 inch) before emptying into the urethral
lumen. These glands secrete a thick, sticky, alkaline mucus that has lubricating
properties.

Penis

The male organ of copulation, the penis, may be divided into three general
areas: the glans is the enlarged tip of the penis which is normally covered by
a fold of skin the prepuce, the main body and the two crura or roots, which
attach to the ischial arch of the penis.

The skin overlying the penis resembles that of the scrotum. The dermis
contains a layer of smooth muscle, and the underlying loose connective tissue
allows the thin skin to move without distorting underlying structures. The
subcutaneous layer also contains superficial arteries, veins and lymphatics.
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A fold of skin, the prepuce, or foreskin, surrounds the tip of the penis.
The prepuce attaches to the relatively narrow neck of the penis and continues
over the glans that surrounds the external urethral meatus. There are no hair
follicles on the opposing surfaces, but preputial glands in the skin of the neck
and the inner surface of the prepuce secrete a waxy material known as smegma.
Smegma is an excellent nutrient source for bacteria, and mild inflammation and
infections in this region are common. Such problems become more likely if the
area is not washed thoroughly and frequently. One way of avoiding trouble is to
perform a circumcision, and surgically remove the prepuce. In Western societies,
this procedure is usually performed shortly after birth. Recently the medical value
of circumcision has been questioned, but there are still strong cultural biases
favouring the practice.

11.5.2 Female Reproductive System
Anatomically, the female reproductive apparatus is even simpler than males. It has
a pair of ovaries, a pair of oviduct (fallopian tubes), the uterus and the vagina.

Ovaries

The ovaries are the primary organs of reproduction in the female and may be
considered to be both endocrine and cytogenic (cell producing) in nature. In
human beings the ovaries are solid structures lying on the sides of vertebral
column behind the kidney in the pelvic cavity enclosed in a continuation of
the peritoneal epithelium which lines the coelom. The ovaries develop in the
abdominal cavity but descend into the pelvis about two months before birth.
Each adult ovary is an almond-shaped glandular organ about 11/2 inches long
and 3/4 inch wide. It is located in the ovarian fossa on the lateral pelvic wall,
which is bounded by the external iliac vessels, the lateral umbilical ligament,
and the ureter. The ovary is fixed in position by the suspensory ligament,
which runs from the iliac vessels to the tubal pole, the ovarian ligament,
which runs from the side of the uterus to the uterine pole, and the mesovarium,
a mesentery that suspends the ovary from the back of the broad ligament. The
broad ligament is a peritoneal reflection that covers the uterine tubes and
uterus.

The ovary is a solid glandular organ whose parenchyma is enclosed in
a thick fibrous connective tissue capsule called the tunica albuginea. The
tunica albuginea is in turn covered by the germinal epithelium, a thin
glistening layer of peritoneum that corresponds to the tunica vaginalis of the
testis. The term “germinal epithelium” is a poor one, since this epithelium
does not give rise to germ cells after birth. It is assested that the ovary of a
new born baby girl may contain 2,50,000-5,00,000 ova. The ovarian
parenchyma is divided into poorly demarcated cortical and medullary regions.
The medulla (inner zone) is a core of loose connective tissue containing
elastic and smooth muscle fibres plus numerous blood vessels. The cortex
(outer zone) consists of a loose connective tissue stroma in which ovarian
follicles predominate. Three different types of ovarian follicles can be
distinguished  on the basis of their morphology: primordial follicles, growing
follicles, and mature or Graafian follicles.
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Primordial follicle. The primordial follicle consists of an oocyte (immature
egg cell) surrounded by a single layer of epithelial cells called follicular or granulosa
cells. Primordial follicles are the only one present in the ovary before puberty.

Fig. 11.4: Sagittal Section Through Female Pelvis and External Genitalia Shows Ovary
and Female Genital Ducts.

Growing follicle. Growing follicles are found in the ovary between
menarche (start of the menstural periods) and menopause (cessation of the
menstural periods). At the beginning of each ovarian cycle, one or more
primordial follicles are transformed into actively growing primary follicles
under the stimulus of FSH. As the oocyte begins to enlarge, the granulosa
cells surrounding it multiply to form a stratified epithelium. The connective
tissue cells surrounding the granulosa layer form a sheath or theca, for the
growing follicle. The internal thecal cells differentiate into secretory cells and
begin to secrete a fluid rich in estrogenic hormones. As the follicle continues
to grow, this fluid begins to accumulate between the granulosa cells. The
primary follicle becomes a secondary follicle when it develops a crescent-
shaped cavity, or antrum, to contain the increasing volume of follicular fluid.
The oocyte becomes incorporated in a mound of granulosa cells, the cumulus
oophorus, which protrudes into the interior of the antrum.

Mature follicle. By 10 to 14 days after the beginning of the ovarian
cycle, the follicle attains maximum growth and is called a mature follicle or
Graafian follicle. The mature follicle is a large transparent vesicular structure
that bulges from the free surface of the ovary. A surge of LH from the anterior
pituitary causes the mature follicle to swell and rupture, ejecting the oocyte
from the follicle along with the follicular fluid. This process is known as
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ovulation. After ovulation, LH stimulates the transformation of the collapsed follicle
into a corpus luteum, which secretes estrogens and progesterone. If conception
and implantation do not occur, the corpus leuteum begins to degenerate about 12
days after ovulation. It eventually becomes a corpus albicans (a connective tissue
scar). Occasionally two or more follicles mature and release their oocytes, which
usually leads to multiple births.

Fig. 11.5: Microscopic Anatomy of Ovary.

Genital Ducts and Accessory Glands

The female genital ducts consist of a series of tubes that facilitate fertilization (the
uterine tubes), provide a place for a new human being to develop (the uterus),
and serve as a birth canal (the vagina).

Fallopian tube. The fallopian tubes are paired musculomembranous tubes
that transport the oocyte or embryo to the uterus. Each tube lies in the mesosalpinx,
the free anterior border of the broad ligament. It is about 4 to 5 inches long and is
differentiated into three parts:

Infundibulum. The flared lateral portion of the trumpet-shaped uterine tube.
Its ostium (open end) is surrounded by a number of fingerlike processes
called fimbria that sweep over the surface of the ovary and guide the ovulated
oocyte into the tube.
Ampulla. The long dilated middle portion of the uterine tube that curves
over the ovary.
Isthmus. The short constricted medial portion of the uterine tube that
enters the body of the uterus.
Histologically the wall of the uterine tube consists of three coats:

mucosa, muscularis, and serosa. The thick mucosa is thrown into branched
longitudinal folds. The simple columnar epithelium lining the mucosa contains
both ciliated and secretory cells. Its mucous secretion forms a surface film
that is moved toward the uterus by the beating cilia. The tubular mucous film
provides transportation and possibly some nutritive material for the oocyte-
embryo. The muscularis consists of two ill-defined layers of smooth muscle
fibres capable of undergoing rhythmic peristaltic contractions. The serosa consists
of a layer of visceral peritoneum continuous with the mesosalpinx.
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When the egg has been discharged into the body cavity, it normally is directed
into the funnel of the oviduct by current set up by the beating of the cilia lining the
oviducts. The activity of the tube is influenced by hormones; its motility is increased
by oestradiol and depressed by progresterone.

Uterus. The uterus or womb is a hollow muscular organ that lies in the
pelvic cavity between the bladder and the rectum. In women who have never
borne children, it is shaped like a pear and is about 3 inches long, 11/2 inches wide,
and 1 inch from front to back. For descriptive purposes the uterus is divided into
the following parts:

Fig. 11.6: Gross Anatomy of Uterus. (a) External Aspect of Uterus with Ligaments
Indicated. (b) Internal Aspect of Uterus and Upper Part of Vagina.

Fundus. The rounded upper end of the uterus above the entry of the uterine
tubes.
Body. The tapering portion of the uterus that extends from the fundus to the
cervix. It has a flattened anterior surface apposed to the bladder, a convex
posterior surface, and slightly convex lateral margins that receive the uterine
tubes, the round ligaments of the uterus, and the ovarian ligaments.
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Cervix. The constricted neck of the uterus. Its distal end projects into the
proximal portion of the vagina. The distal end of the cervix contains the
uterine os, a small opening through which the cavity of the uterus
communicates with the vaginal lumen.

Vagina

The vagina is the female copulatory organ. It is a distensible fibromuscular
tube, situated posterior to the bladder and anterior to the rectum, that extends
from the uterus to the vaginal vestibule. The vaginal opening is partially blocked
by a membranous partition in the young girl. This partition, called the hymen,
occurs in several basic types. It is either torn or stretched during the first
sexual intercourse. Histologically the vaginal wall consists of a mucosa, a
muscularis, and an adventitia. The mucosa contains a stratified squamous
epithelium whose superficial cells become cornified (slightly keratinized)
during the peak of estrogen secretion. Transverse rugae (ridges) are normally
present in the vaginal mucosa; they are smoothed out when the vagina is
distended. The muscularis consists of interlacing bundles of smooth muscle
fibres that permit distension of the vagina during sexual intercourse and
childbirth. A fibrous adventitial coat completes the vaginal wall.

The vagina serves as a distensible sheath for the penis during sexual
intercourse, forms the membranous portion of the birth canal, and conveys
menstural blood from the uterus to the exterior of the body. Cytological
examination of cells detached from the vaginal mucosa (Pap smear) provides
information on ovarian hormone balance and permits early detection of some
types of genital cancer.

Vestibular Glands

The vestibular or Bartholin’s glands are a pair of small round glands
comparable to the bulbourethral glands in the male. They are situated in the
vaginal vestibule on either side of the vaginal opening. Their ducts open into
the groove between the hymen and the labia minora. The vestibular glands
produce a mucous secretion that acts as a lubricant during sexual intercourse.

Paraurethral Glands

The paraurethral or Skene’s glands are a group of small glands that surround
the urethral opening. They are comparable to the peri-urethral part of the
prostate gland in the male. The paraurethral glands secrete a small amount of
mucus that also acts as a lubricant during sexual intercourse.

Check Your Progress

10. What do you mean by metanephric kidney?
11. What is rete testis?
12. Differentiate ureter from urethra.
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11.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. In opisthonephric type of kidney all the embryonic excretory tubules become
functional together after developing the pronephros as seen in fishes and
amphibians.

2. Bidder’s canal is the part of vas differens passing through the kidney in male
amphibians.

3. It is the mesorchium that holds the testis and kidney together.
4. In lizards like Varanus, Uromaxtix etc. both the kidneys are fused in the

lower half thus a V shaped is developed.
5. Mesorchium is the membranous or mesenteric covering present around

testis and kidney both.
6. True copulatory organs are restricted to the group mammals only. In

other vertebrates like Varanus males are provided with one pair of
hemipenis to keep the female gonopore open at the time of copulation.

7. For this figure see text.
8. Birds are the true fliers and to make the body light in weight (flight

adaptation) only one remains functional and other becomes rudimentary.
9. Mesovarium is the mesenteric covering present around ovary and kidney

together.
10. Metanephric kidney is formed from the nephric tubules present in the

posterior most region left after the formation of mesonephric kidney.
11. In mammals all the vasa efferentia related to one testis develop a network

like structure to unit together and to become a common vas deferens.
This part of testis is called rete testis.

12. Ureter is the urine carrying duct whereas urethra is a common duct or
passage for urine and gonadal products (sperms in male).

11.7 SUMMARY

In vertebrates some of the non-functional excretory tubules are modified into
gonoducts (vasa efferentia and vas deferens) specially in males hence both
urinary and genital systems are collectively called urinogenital system. In fishes
and amphibians there is a pair of functional opisthonephric kidneys whereas
in higher vertebrates the functional adult kidneys are metanephric. Nephron
has a cup-shaped Bowman’s capsule enclosing a network like glomerulus
forming the actual site of the filteration. Nephrons are long and coiled to
allow greater and greater reabsorption of useful substance from primary urine.

The functional unit of testis is the seminiferous tubule which is lined by germinal
epithelium undergoing spermatogenesis. To transport sperms from seminiferous
tubules there are small ductules called vasa efferentia. There is a pair of vasa
defferentia to transport sperms further.
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Ovary has a functional germinal epithelium undergoing oogenesis. The number
of ova produced and liberated outside the ovary varies from species to species. In
highly evolved mammals (human being) one ovum is ovulated at a time from ovary.
Most animals are oviparous and some are viviparous and few ovo-viviparous.

11.8 KEY TERMS

Dialysis: Purification of blood outside the body is called dialysis.
Dialyzing membrane: The membrane that becomes permeable under
pressure. Basement membrane present in Bowman’s capsule belongs
to this category.
Haematurea: It is the appearance of erythrocytes in urine.
Uremia: The stage where the concentration of urea increases much above
the normal value in blood.

11.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the evolutionary sequence of kidney.
2. Write down the comments upon floating kidney.
3. Draw a labelled diagram of a mammalian nephron.
4. Difference between urea formation and urine formation.

Long Answer Questions
1. Write an essay on the different types of vertebrate kidneys.
2. Describe the structure of a mammalian nephron.
3. Draw a labelled diagrams of male and female urinogenital organs of

frog and rabbit.
4. Describe the ovaries found in frog, Varanus, pigeon and rabbit.

11.10 FURTHER READING

1. Bentley P.J. The Vertebrate Urinary Bladder, Osmoregulatory and Other
Uses.

2. Blum. V., (1986). Comparative Anatomy of the Urinogenital System.
3. Julian S. Huxley., M.A. Vertebrate Zoology; An Introduction to

Comparative Anatomy and Embryology.
4. Kerr, J. Graham (2008). The Vertebrate Excretory System.
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MAMMALS

Structure
12.0 Introduction
12.1 Objectives
12.2 Structure of Placenta

12.2.1 Foetal Placenta
12.2.2 Maternal Placenta

12.3 Types of Placentations
12.3.1 Yolk Sac Placenta
12.3.2 Allantoic Placenta
12.3.3 Indeciduate Placenta
12.3.4 Deciduate Placenta

12.4 Comparative Account of Placenta
12.4.1 Placental Shape

12.5 Histological Classification of Placenta
12.5.1 Epithelio-chorial Placenta
12.5.2 Syndesmo-chorial Placenta
12.5.3 Endothelio-chorial placenta
12.5.4 Hemo-chorial Placenta
12.5.5 Hemo-endothelial Placenta
12.5.6 Physiology of placenta

12.6 Answers to ‘Check Your Progress’
12.7 Summary
12.8 Key Terms
12.9 Self-Assessment Questions and Exercises

12.10 Further Reading

12.0 INTRODUCTION

Prototheria, Metatheria and Eutheria are the three well known groups of
mammals. Prototherians are oviparous and lay large macrolecithal egg
provided with good amount of yolk. These animals resemble the reptiles in
their anatomy as well as in their embryology. The females are responsible for
incubating the eggs and the latter hatch in the similar way as reptiles and birds
do. On the other hand Metatherians are ovo-viviparous and their eggs are not
provided with yolk as much in amount as present in the eggs of prototherians
that is why they (kangaroos or Marsupials) give birth to (underdeveloped)
young ones. The Eutherians are strictly viviparous and their eggs are
microscopic and are of microlecithal type, so that development of such eggs
is not possible till they get continuous supply of food material from any other
source. This is done by developing a connection in between the wall of the
embryo and the wall of mother uterus. This connection or organ is known as
placenta. Placentation may be defined as an intimate relation between a
portion of uterine mucosa and a part of whole of the chorionic membrane or
the trophoblast. This relation may involve merely the close opposition of the
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two tissues, or their actual fusion. Further in order that this relation may be effective
in the nutrition of the embryo, the blood vessels of the allantois become closely
associated with the chorionic and maternal tissues. Placenta is commonly present
in mammals, though in different shapes and sizes, but also appear in other groups
of animals. For examples, Peripatus from group Onychophora, Salpa from
tunicata, Mustelus from elasmobranchiata and some lizards also develop the so
called placenta, with the difference of tissues that form the placenta.

The placenta may be defined as the association between the embryo and
uterine tissues for the purpose of physiological exchange of materials, and the term
placentation denotes the general process affecting this attachment.

12.1 OBJECTIVES

After going through this chapter, you will be able to:
Define the placentation.
Describe the structure of a placenta.
Discuss the types of placenta.
Explain the histological divisions of placentation.

12.2 STRUCTURE OF PLACENTA

The concept of the placenta may not be clear without the structural study of
its complex nature, which is based on its dual origin. At first the two tissues
are recognized as maternal and foetal tissues. The maternal tissues form the
decidua basalis—the eroded and the compact layer.  The name “decidua”
(meaning ‘to shed’) refers to the pregnant endometrium, with different regions
of the decidua assigned different names depending on their relationship to the
implantation site. Decidua basalis refers to that part of the endometrium
beneath the blastocyst that contributes to the placenta. The thin portion of
the endometrium on the lumen side of the uterus that covers the implantation
site is the decidua capsularis, and the endometrium lining the uterus other
than at the implantation site is the decidua parietalis. The foetal tissues form
the chorion frondosum (chronic membrane with their villi). The two layers
are separated by a space called intervillous space. The space is developed
with aggregation of cavities of early chorionic trophoblast. Trophoblast is
an ordinary semipermeable membrane that governs the distribution of
substances between the mother and foetus. As the embryonic body develops,
it separates from the various membranes until only the umbilical cord connects
the foetus with the placenta.

12.2.1 Foetal Placenta
The chorionic membrane is also called the chorionic plate. The inner surface
of the plate is lined by the intervillous space and is covered with trophoblast.
The trophoblast is supported by layer of connective tissues which includes
blood vessels radiating from the umbilical cord. This forms the umbilical
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(allantoic) system and distributing into the villi by the chorionic plate. The
developing amnion, at the end of second month, comes in contact with the
connective tissue of the chorion at every point and thus amnion gets attached
to the foetal membrane of the placenta and is retained throughout the
pregnancy.

Fig. 12.1: Early Placenta.

The chorionic villi the second part of foetal tissues is of great importance
as it is responsible for exchanges of all kinds taking place between mother
and embryo. The early villi are compact, short and brush-like tufts. They arise
from common or main stems which develop from the chorionic membrane.
The ends of all branches are called anchoring villi as they are attached and
mixed with the  eroded surface of decidua basalis. Branching becomes extensive
in the second month forming many side branches and many free villi. During
later stages, the branching is so rich that it appears like a tree with prominent
trunk and main branches. Sometimes many terminal branches first fuse with
the decidua basalis and then turn back into the intervillous space in a J-shaped
structures.

Fig. 12.2: Vascular Supply in Placenta.
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In structures, each part of villous tree is composed of a central connective
tissue core that contains vascular supply. The vascular supply includes arterioles
and veinules which run as capillaries into the villous tips and fuse with each
other forming a closed system. The connective tissue core is made up of two
layers of trophoblast. The inner layer which lines the connective tissue, made
up of a single layer of cuboidal cells, is called cytotrophoblast. This layer is
also named as layer of Langhams. The outer layer which bounds the villi is
known as the syntrophoblast. The rapidly expanding villous tree is in due
time separated by partitions called the placental septa forming distinctive
lobule known as cotyledons. The septum is a partition formed from the tissue
of placenta and projects far toward the chorionic plate. It originally consists
of a plate of decidual tissue but later on replaced by trophoblast. The so-
called cotyledons are naturally vascular units with a net work of blood vessels.
Such cotyledons number from 14 to 30 and are incompletely separated from
each other by thin placental septa.

The intervillous space is originally of foetal origin and grows at the
cost of eroded decidual substance. It enlarges forming a big blood sinus
bounded by the chorionic villi originating from the chorionic plate. This cavity
is again divided, though incompletely by placental septa into sub-cavities and
each sub-cavity belongs to its respective cotyledons. The intervillous space
may be described as two spaces—the inner just below the chorionic plate as
the sub-chorial space and peripheral space which is continuous with irregular
channels as the marginal sinus or space. The sub-chorial space is devoid of
villi. The intervillous space is lined with trophoblast for some times but later
on it is partly lined by fibrinoid material replacing the earlier trophoblast.

The capacity of intervillous space, besides the contained forest of villi,
is about 175 ml. in a mature placenta which is one-third of the total volume of
organ. The vascular network is made up of about 200 arterioles and same
number of veinules. The blood is given into the villi of each cotyledon by the
arterioles that pass through the decidua basalis and is collected or drained by
the veinules passing through the marginal sinus, so intervillous space forms
the region where interchange takes place through the blood supply.

12.2.2 Maternal Placenta
The maternal tissues forming the decidua basalis is composed of two layers
of progravid endometrium. One of these layers is compact and other is of
loosely arranged cells making it spongy layer. The spongy layer is stretched
out at later stages of pregnancy forming horizontal clefts. The compact layer
is closely incorporated with the placenta and it is also called the basal plate.
The basal plate is composed of fibrinoid tissue and the trophoblast of the
anchoring villi. Some of the trophoblast form the peripheral shell which makes
union with the eroding endometrium. At earlier stages, the trophoblast covers
the basal plate and becomes discontinuous as pregnancy is prolonged. The
basal plate is provided with a number of uterine arteries which are highly
branched. The blood vessels lose their necessary coating when they pass
obliquely through the basal plate.
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Check Your Progress

1. Draw a labelled figure of structure of a placenta.
2. What is placenta?
3. Describe the role of villi in placentation.
4. Name the maternal tissues involved in placentation.

12.3 TYPES OF PLACENTATIONS

There exists a number of different placentae in different groups of mammals.
They may be headed as follows:

Yolk sac placenta
Allantoic placenta
Indeciduate placenta
Deciduate placenta

12.3.1 Yolk Sac Placenta
Yolk sac placenta is confined to small group of marsupials and is met with
the very familiar marsupial the Dasyurus. In Dasyurus, the marsupial cat, the
blastocyst is formed in usual pattern and is provided with a large yolk sac and
a small allantois. As the development proceeds, the chorion is thickened by
addition of more cells, thus forming together the branching syncytia. By the
erosion of the uterine cells that hold the blatocyst, the blastodermic vesicle
sinks into the uterine mucosa forming a shallow depression. The yolk sac is in
connection with the chorion. But now the yolk sac with the sinus terminals
sinks into the uterine mucosa in the so-formed depression. At the same time,
the contact is made more conspicuous with the formation of more folds of
the chorion. This helps in increasing the chorionic surface to absorb the
“uterine milk” secreted by the endometrium. In addition to this feeding
method, the chorion is also associated with the maternal blood in the
blastodermic depression. In this way nourishment as well as oxygen may also
be absorbed by the yolk vesicle and then after circulated in the embryo for the
use in the vital activities of the latter.

12.3.2 Allantoic Placenta
Allantoic placenta is met with a number of different groups of mammals but
in most marsupials a primitive type of this placenta is present and  so primitive
allantoic placenta may be described under a separate heading.

Primitive Allantoic Placenta

This type of placenta is simpler placenta developed from allantois and leads
to the complex placenta of higher mammals. In Bandicoot (Perameles) and
the Wallaby (Hamaturus) such placenta is present.
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As the developmental study reveals, in this case too a yolk sac develops
into a large structure provided with a network of blood vessels and a sinus
terminalis. The allantois also grows comparatively large and establishes a contact
with the chorion. The chorion is attached to the uterine mucosa on that side where
it is in connection with the allantois. The uterine mucosa encloses the blastodermic
vesicle which is provided with the number of blood vessels. The blastocyst loses
its chorion more or less in this region, thus enabling the allantoic vascular net to
establish a contact with the maternal blood. For instance, it may be recalled that
maternal blood and the foetal blood are never in direct contact.

The exchange of gases, food supply and removal of nitrogenous wastes are
made through membranes. The exchange will be accelerated if there are fewer
membranes. And so, this primitive allantoic placenta that allantois applied to uterine
wall here we find it is simpler, flat and with many wrinkles or folds. Moreover, the
trophoblast of this region has also disappeared and thus an easy communication
between allantoic blood vessels and maternal blood vessels is established. However,
the blastodermic vesicle still depends greatly on the “uterine milk” secreted by
uterine wall for its food supply. Some food, no doubt, is also absorbed in the
region where there is contact between maternal and allantoic blood vessels. The
absorbed food is passed into the embryo by the allantoic vascular circulation.
Although the blastocyst is not firmly held in the pit, yet it is always there but it may
be dislodged easily. This shows that true allantoic placenta may be developed by
firm adhesion of the blastocyst to the uterine wall and the foundation of which has
already been laid here in primitive allantoic placenta.

Advanced Allantoic Placenta

Advanced allantoic placenta may be conveniently studied under two main
divisions, i.e., the deciduate placenta and the indeciduate placenta. The
deciduate placenta is developed in human beings, and other primates such as
the insectivores, chiropterans, hedgehogs, shrews, mice and rabbits. While
the indeciduate placenta is present in remaining mammals.

In deciduate placenta the union between chorion and the uterine mucosa
or the endometrium is much more intimate. In this case, the superficial layer
of the uterus grows extensively over the blastodermic vesicle and is pushed
away from the uterine wall. This structure is now called decidua. The decidua
is so overgrown that it envelops the entire embryo with its foetal membranes.
The chorionic villi which are richly branched arise from the decidua like root
system of a tree.

If these villi are detached, they tear some part of decidua. This type of
placenta is present in man. While the indeciduate placenta is more simpler
than that described earlier. In this case, the chorion is simple one with wrinkles
and projections like villi. These villi establish a contact with uterine mucosa,
which is not very well developed but rather loose. Thus at the time of birth,
maternal tissues are not torn from the uterine mucosa. The chorion is rolled
off from the uterine wall so that the villi are pulled out of the uterine mucosa or
endometrium in the same way as the fingers are pulled out of a glove.
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12.3.3 Indeciduate Placenta
The indeciduate placenta is met with ungulates, cetaceans, sirenians and lemurs.
This type of placenta may be of three different forms namely the diffuse, the
cotyledonary and the intermediate types. Here the blastodermic pit is usually
elongated or sometimes sausage-like in shape and the foetus is still dependent
upon the uterine secretion—the “uterine milk” for its food-stuff. The allantois
is very conspicuous beneath which there is chorion growing into the familiar
villi. In this primitive placenta, the chorionic villi develop a comparative loose
connection with the uterine mucosa. Upon their removal at the time of birth
there is no loss of maternal tissue from the uterine mucosa (endometrium).

Diffuse Type. The example of diffuse indeciduate placenta comes from
the horse, the pig and some other ungulates. The chorionic villi are
uniformly distributed all over the surface of blastocyst but are absent at
the extreme end of the blastodermic pit. The blastocyst is enclosed
within the elongated uterus like the inner tube present a bicycle type.
So the uniform distribution of villi is of great advantage and a contact
between foetal tissue and maternal tissue is maintained throughout the
surface of blastocyst.

 

Fig. 12.3: Diagrams of Chorionic Sacs of Representative Mammals Showing Gross Forms
of the Placenta.

Cotyledonary Type. In cotyledonary indeciduate placenta, the
distribution of villi is not uniform but the villi are confined to particular
tufts or bunches so that only some part of surface is provided with villi.
These groups of villi are called the cotyledons and hence the placenta
is named as cotyledonary placenta. The uterus is also developed in
the same way so that the cotyledons establish a contact with uterine
wall. This type of adaptation is encountered with the cow where  the
uterus is thickened at places and in these the cotyledons of the blastocyst
fit properly. Such thickenings of uterine wall are called caruncles. The
caruncles present many crypts or depressions which accommodate all
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the villi of the cotyledons. The cotyledonary indeciduate placenta occurs in
mammals like cow, sheep and deer.
Intermediate Type. The third form of indeciduate placenta, the intermediate
type is not much common as the other two are. As the name suggests, it is
an intermediary between the diffuse and cotyledonary indeciduate placenta.
Here cotyledons are present on the surface of blastocyst but between the
two cotyledons are distributed some single villi. This type of placenta is
present in the embryo of giraffe.

12.3.4 Deciduate Placenta
In this the chorionic villi are supplied with so many branches that they resemble
the root system of a tree. It is, therefore impossible to detach them without
tearing off part of the surface of the uterus. The deciduate placenta may also
be divided in two modifications for easier studies. The two forms of deciduate
placenta are the zonary and discoidal type.

Zonary Placenta. The zonary deciduate placenta is present in the
carnivores, and as the name indicates the chorionic villi are present in
two transverse rows or zones over the surface of elongated blastocyst.
The surfacial uterine mucosa (endometrium) becomes eroded along
the ridges of two zones of villi. The villi are in close contact with the
maternal tissues. They are highly branched in the uterine tissues. Each
villous includes the allantois which grows upto the zonary extensions
of blastocyst. The uterine wall with its branched villi is also known as
decidua. The nutritive materials which are absorbed from the  maternal
blood in decidua is conducted to the embryo through the allantoic
circulation. The contact between foetal tissues and maternal tissues is
so intimate that at the time of birth much of superficial layer of uterine
wall is lost with the placenta.

Fig. 12.4: Zonary Placenta of the Fox.

Discoidal Placenta. The discoidal deciduate placenta occurs in chiropterus,
insectivores, primates and man. It develops on the entire surface of the
blastocyst which in turn is pushed away from the uterine wall into the cavity
of the uterus. The blastodermic vesicle is enclosed in the uterine tissue and
a thin layer of endometrium is pushed away into the uterine cavity from the
expanding blastodermic pit. The part of uterine tissue that encloses the
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blastocyst is called as the decidua capsularis. At a later stage, the chorionic
villi disappear on its free side but they become more confined to the side
which is attached to the uterine wall. The part of uterine mucosa which
embeds the part of uterine wall is called the decidua basalis. The remaining
part of maternal tissue is called the decidua parietalis.

Check Your Progress

5. Classify the various types of placentae.
6. Differentiate yolk sac placenta from allantoic placenta.
7. What is indeciduate placenta?
8. Describe the intermediate type of placenta.

12.4 COMPARATIVE ACCOUNT OF PLACENTA

The placenta is concerned with viviparous animals where the embryos develop
within the body of mother. Because the embryo is in contact with stored egg-
yolk, there is developed a functional connection with the maternal tissue.
This association of maternal tissues with foetal tissues is called the placenta.
This type of relationship with the mother tissues is met with some viviparous
fishes and reptiles. Here generally yolk sac and chorion are involved.

The differences in placentae of various mammals arise due to (i) the
structure and arrangement of the villi and (ii) the degree of contact between
the maternal and foetal tissues.

12.4.1 Placental Shape
In the more primitive eutherian mammals, the placentae are non-deciduous.
The villi are scattered irregularly over the chorion surface in the pig. The
placenta with scattered villi is known as diffuse placenta. On the other hand,
as in cattle, the villi are present in patches on the chorion surface so that some
of the chorion surface is plain. The patches or groups of villi are called as
cotyledons and hence the placenta is cotyledonary. In some cases such as
carnivores, the villi are formed in specific region so as to form a belt around
the blastocyst. Here the villi are called zonal and, therefore, the placenta is
called the zonary placenta.

The chorion surface, in man and anthropoids, is first covered throughout
with villi. The villi are developed only on the side and then this side turns
away from the lumen of uterus. The other side which comes in contact with
maternal tissue, is provided with less of villi and thus placenta is in the shape
of a disc and that is why this type placenta is called as the discoidal placenta.
The mouse, rat, rabbit and other rodents developed a discoidal placenta. Where
there are two discs of placentae, that type of placenta is known as bidiscoidal
placenta.
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Check Your Progress

9. Define diffuse type of placenta
10. Describe zonary placenta
11. Write notes on discoidal placenta with examples.

12.5 HISTOLOGICAL CLASSIFICATION OF
PLACENTA

On the basis of histological relationship between the chorion and the uterus,
the mammalian placentae can be divided into a number of types as given
below:

12.5.1 Epithelio-chorial Placenta
The first type that is encoun-tered with least modifications, is the epithelio-
chorial placenta. This type of placenta is met with some ungulates and lemur.
Here the allantois and chorion fuse together and are supplied jointly with
allantoic vessels. The allantoic-chorion membrane comes in contact with
uterine lining and the chorionic villi fit into the pits in the uterine mucosa.
Here there is simple application of chorion against the epithelium of uterus
and hence the relationship is called the epithelio-chorial. The space between
the chorion and uterine lining are filled with a fluid consisting of secretions
and transudates. This fluid is called the “uterine milk.” The nutrition and
oxygen pass from maternal blood through this epithelio-choridal tissue and
then is fed to allantoic vessels. The waste products produced due to foetal
metabolic activities are passed out through the same passage but in a reverse
direction. Thus, the allantois here is performing the function of an organ of
respiration, excretion and nutrition. This type of placenta is also met with
some reptiles and birds.

12.5.2 Syndesmo-chorial Placenta
The syndesmo-chorial placenta is slight modified form of what has been
explained above. Here, the contact between the two tissues is more deeper.
The chorial villi occupy deeper pits in the uterine mucosa. Some time there is
developed intimate contact between the elevated portions of the uterine mucosa
and the chorionic ectoderm. The uterine epithelium at such places is destructed
and a direct contact between the foetal tissue and the vascular maternal tissue
is developed. This type of placenta is called syndesmo-chorial and is met
with in ruminants. After the gestation is over, the chorionic villi are withdrawn
and so no maternal tissue is torn with. Moreover, there is no bleeding.

12.5.3 Endothelio-chorial placenta
Here the contact between maternal and foetal tissues is more advanced. The
epithelium of uterus is destructed and the endothelium is made naked with its
blood vessels. The foetal chorionic epithelium comes in direct contact with
the maternal vessels. Therefore, at the time of birth, maternal vessels are torn
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away along with the foetal layers causing destructive separation of placenta. On
the other hand, the maternal tissue is left with regenerative zone. The type of
relationship between foetus and mother is called the endothelio-chorial and is
common with carnivorous mammals.

Fig. 12.5: Types of Placenta on the Basis of Histological Details.

12.5.4 Hemo-chorial Placenta
In lower insectivorous, bats and anthropoids there is developed still

more intimate contact between maternal and foetal tissues. Here the
endothelium of uterine vessels is also lost along with the erosion of uterine
lining. Thus the maternal blood freely circulates in the vessels present within
the foetal syncytium. In anthropoids, the chorionic villi are very much branched
and they penetrate the space between maternal and foetal tissues. In the
cavernous spaces, the villi are directly bathed by maternal blood. This type of
relationship is called hemo-chorial where the chorionic and uterine tissues
are fused in such a way that at birth both are torn away as an unit.

12.5.5 Hemo-endothelial Placenta
In hemo-endothelial relationship, there is approach to actual mixing of maternal
blood and foetal blood as in case of higher rodents, rats, guinea pigs and rabbits.
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Here, the lining of chorionic villi are lost altogether along with the erosion of uterine
lining. Thus endothelial lining of their vessels only separates the foetal blood from
maternal blood in sinuses. Now it may be clearly understood that the chorion is of
main importance although the allantois also brought into close contact with uterus.
It is more from the cases of rodents and anthropoids where the chorion acquires
all the placenta functions and the allantois is the form of vestigial structure or even
lacking. But it must be recalled that allantoic vessels are important constituents of
allantois and these allantoic vessels supply the chorionic placenta. Therefore, the
placenta must be called the chorio-allantoic-placenta even if the allantois is lacking
or vestigial.

Many evidences have been recorded where the rate of transfer of
substances from maternal to foetal increases with the decreases in the number
of layers to be passed. The ascending order of efficient transfer is similar to
the order in which the structural types have been described, i.e., hemo-
endothelial is the most efficient while the epithelio-chorial placenta is with
lowest rate of transfer of material from maternal blood to foetal blood. The
placenta of human beings is 250 times more efficient in the rate of transfer of
sodium than that of cow’s placenta. It can also be noted that there is a
progressive thinning of placental tissue (barrier) as we go from epithelio-
chorial to hemo-endothelial placenta in the series. It must also be remembered
that permeability (transfer of material from maternal blood to foetal blood) is
only one kind of efficiency which is thought to be related with the rapidity of
the growth and differentiation of foetus.

12.5.6  Physiology of placenta
In mammals, egg is yolkless, the embryo depends upon the flow of supplies from
the maternal body through the placenta for its nutrition. A close contact is, therefore,
maintained between the foetal tissues and maternal tissues but the two never mix
with each other.

The foetal vascular supply and the maternal vascular supply are in
communication but neither the foetal blood and maternal blood mix with each
other nor the maternal blood enters the foetal circulation or vice versa. The two
are always kept separated due to some hindrance known as the placental barrier.
In structure, the placental barrier is composed of tissue lying between the blood
space in the foetal and maternal parts of the placenta. In some cases, as in
hemochorial placenta, this barrier may be made slender or thin but never broken
down. The placental barrier, physiologically acts as a semipermeable membrane
which allows substances to pass through and preventing others. So the exchange
of gases, food supply and removal of nitrogenous wastes take place through this
semipermeable placental barrier.

Functions

The placenta performs the following functions:
1. Nutrition: The nutritive maternal such as carbohydrate, proteins, fats and

inorganic salts along with H2O are passed through placenta from mother’s
blood to foetus.
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2. Respiration: The placenta also acts as an organ of respiration because the
oxygen supplied by the mother diffuses into the foetal blood while carbon
dioxide is released in reverse direction. This is done in the placenta in a way
similar to lung.

3. Excretion: The fluid waste products resulting from the metabolic activities
of embryo are passed out through the placenta acting like a kidney.

4. Barrier: As the placenta is impermeable to some particular matter the
bacteria and larger molecules are not allowed to enter the foetal blood
stream, some substances are allowed to pass while some others are not, so
this barrier is known as selective barrier.

5. Synthesis: Some substances such as hormones (estrogen, progesterone,
gonadotrophin) and some enzymes are manufactured and embedded in the
placenta.

6. Immunity: placenta is a barrier for several substances and bacteria however,
it allows certain antibodies developed in the blood of mother against diseases
like measles, small pox diphtheria, scarlet fever etc. to pass from maternal
blood to the blood of foetus, thereby favoring passive immunity to develop
in foetus.

7. Transport of pathogens : placenta does not allow pathogens to pass
through however fails to prevent the entry of pathogenic viruses causing
smallpox, measles, chickenpox, syphilis etc. If mother gets infection during
pregnancy the foetus may develop congenital deformities

Check Your Progress

12. How many types of placentae in mammals present based upon histological
detals.

13. Describe the epithelio-chorial placenta.
14. Name the most complex or advanced type of placenta.

12.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Consult figure from text.
2. The placenta is an organ or structure developed in maternal uterus with the

help of chorionic tissues to make the exchange of materials possible.
3. Villi developed during placentation keep both maternal as well as chorionic

tissues in closest contact to make the exchange of metabolites and protection
possible.

4. Three types of maternal tissues are involved in the formation of placenta.
These are uterine epithelium, uterine connective tissues and uterine blood
capillaries.

5. There exists a number of different placentae in different groups of mammals.
They are:



NOTES

Placentation in Mammals

Self-Instructional
             Material 199

Yolk sac placenta
Allantoic placenta,
Indeciduate placenta
Deciduate placenta

6. Yolk sac placenta is said to be the false placenta. In this, yolk sac comes in
contact with uterine pithelium and is confined to a small group of marsupials.
Whereas allantoic placenta is more advanced type of placentation. Here
the yolk sac remains rudimentary and the allantoise takes a leading role.

7. Indeciduate placenta is a primitive type of placenta where villi develop a
loose connection with the uterine mucosa. There is no loss of maternal
tissue at the time of birth.

8. Intermediate placenta is a form of indeciduate placenta. It is intermediary
between the diffuse and cotyledonary placenta and occurs in giraffe. It
has villi present compactly in patches and some remain scattered.

9. In diffuse type of placenta the villi remain scattered all around the surface.
It occurs in horse and pig.

10. Zonary placenta belongs to deciduate category. Here the villi are
restricted to one or two belt like areas and placental connection is deep.

11. Discoidal placenta is the another category of deciduate placenta and
occurs in chiroptera, insectivores, primates and human beings.

12. Histologically the placentation is categorized into Epithelio-chorial,
Syndesmo-chorial, Endothelio-chorial, Haemo-chorial and Haemo-
endothelio chorial types.

13. Epitheliochorial placenta is the simplest type and in its formation all the
six components take part and the placental connection remains
superficial as in some ungulates and lemur.

14. Haemo-endothelial placenta is highly advanced type of placenta with
minimum barriers. Here the chorionic endothelium comes in direct
contact with maternal blood as seen in higher rodents, rats, rabbits etc.

12.7 SUMMARY

In mammals, egg is almost devoid of yolk, the embryo depends upon the flow of
supplies from the maternal body through the placenta for its nutrition. Placenta is
histomorphological connection developed between mother and developing foetus.
Both of these are always kept separated due to some hindrance known as the
placentation barrier. On the basis of these barriers the placenta is divided into five
categories: Epitheliochorial placenta has all the six barriers hence the simplest type
of placenta. Haemo-endotheliochorial has single barrier hence the highly advanced
type of placenta. In other categories, the number of barriers varies from category
to category.
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12.8 KEY TERMS

Embrotrophe:  In mammals the uterine glands secrete a material rich in
mucopolysaccharides, glycogen and lipids which is released into the uterine
cavity to feed the developing foetus at the stage of blastocyst. It is the
uterine milk or embrotrophe.
Implacentation: It is the process where the embryo becomes attached to
a nutritional substrate.

12.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term placenta.
2. What are the components of a placenta?
3. Describe the deciduate placenta.
4. Define implantation.

Long Answer Questions
1. Describe the structure of a placenta.
2. Write an essay on placentation.
3. Write notes on the histological classification of placenta.
4. Discuss the deciduate and indeciduate type of placenta.

12.10 FURTHER READING
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Foetal Membranes.
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13.0 INTRODUCTION

The innate curiosity of mankind has always seemed to lead to questions
concerning the origins of life, it has only been in recent years that definitive
scientific answers have begun to appear. Part of the reason for this is that a
description of the beginning of life on earth has awaited appropriate concepts
regarding the nature of the primitive earth and its atmosphere, as well as
methods for measuring with some accuracy the ages of very ancient rocks
and sediments of the earth. If we ask, how the living plants and animals that
we know have come to be what they are, we probably receive answers in the
following theories:

Theory of Special Creation,
Theory of Spontaneous Generation,
Theory of Eternity of Life,
Theory of Catastrophism
Theory of Organic Evolution, and
Modern Concept of Origin of life.

13.1 OBJECTIVES

After going through this chapter, you will be albe to:
Know the origin of life on the earth.
Describe the big bang theory.

UNIT IV: EVOLUTION I
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What is primordial soup?
Discuss the Oparin hypothesis.

13.2 MODERN CONCEPT OF ORIGIN OF LIFE

Most appealing scientific idea of origin of life was given by A.I. Oparin and it is
also known as Oparin hypothesis. He published his account in his book “The
Origin of Life” (1936). In addition several realistic theories have also been offered
to explain the origin of the earth and life, but the most widely accepted theory
today is known as the Big-bang Theory, proposed in 1951.

The big-bang theory proposes that 20 billion years ago all of the universe
was one ball of neutrons, or neutral particles. The movement of these particles
become greater and greater until the big ball generated nearly unbelievable amounts
of heat. The increase in temperature caused a parallel increase in pressure. Finally,
the big ball exploded and created the biggest bang ever known. Neutrons were
flung everywhere. As the neutrons moved farther from their point of origin, they

began to cool and produce negative charges or electrons. The production of
electrons left behind protons and the attraction of electron to proton created
hydrogen. This process continued until the newly formed particles began to
aggregate into small balls. Each small ball become a galaxy, our galaxy is the
Milky Way. With in each galaxy; the process continued to form smaller balls,
creating solar systems like our own.

 Fig. 13.1: Formation of Organic Molecules in Mixture.
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These balls can be best thought of as clouds of gases, which astronomers
call dust clouds. As time passed, each dust cloud became cooler. Many dust
clouds developed extremely cold temperatures that hovered near absolute zero.
However, as the particles of the dust clouds slowed down and moved closer, heat
once again was generated. The heat became so intense so as to cause the fusion of
hydrogen, forming helium and releasing energy in the form of light and heat. The
acceleration of this process caused dust clouds to throw off groups of particles,
creating eddies of smaller clouds. The hot and illuminated central masses became
the stars of the universe, the less hot eddies of dust radiating around them became
planets. Today these processes continued. Stars and planets are constantly being
born through out the universe while other explode and disappear into oblivion. In
our solar system the earth was formed by this process about 5 billion years ago.

The earth, like all other planets was at first a very hot molton mass of materials.
However as the mass cooled, hydrogen became the basic building block from
which all other elements were made. The core of earth today is still a hot, molton
ball, volcanic eruptions not only demonstrate the existence of a molten core but
also provide a glimpse of what the earth was like much earlier, when volcanoes
that dotted its surface were continually errupting.

13.2.1 Plate Tectonics
Today the hard surface crust of the earth is suspended on a softer layer that is in
constant motion. According to the theory of plate tectonics, the continents and
parts of the ocean floors are like plates slowly floating on a semi liquid gelatin. At
one time, about 200 million years ago, there was only a single, but very large
continent referred to a Pangaea (pan means “all”; geo means “earth”). The
movements of the softer slowly moving layers under Pangaea broke up this single
continent and formed the continents we know today. If you look up at a map, you
can see how nicely the east coast of South America fits, like a piece of a jig saw
puzzle, with the west coast of Africa. Our continents still move at a slow but
constant rate of a few millimeters per year, but the movement is enough to cause
observable results. Africa is moving northward and colliding with the Middle East,
making the northern tier of the Middle East one of the most earth quake prone
areas in the world. A similar phenomenon is occurring along the California coast
near the San Andreas Fault; a serious earthquake is inevitable. Like a conveyor
belt, a slow ooze of inner earth emerges along mid oceanic ridges and is pulled
inward again along oceanic trenches or below mountain ranges. The continents
ride on this movement.

13.2.2 Primordial Soup
The early earth was very hot, and its surface was molten; explosive eruption of this
hot molten sea were common place. Life as we know it would not begin until
nearly 2 billions years later, when the surface solidified and water accumulated in
basins. But the precursors of life were formed as soon as the surface of the earth
began to cool. Hydrogen was common place, and various chemical reactions near
the molten surface produced small quantities of oxygen; the oxygen and hydrogen
fused to form water. Because the earth was so hot, the first water was in the form
of steam, which continually rose from the surface of the earth.
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Fig. 13.2: The Earth was Dotted with Many Explosive Volanoes Early in its Development.
Eruptions of these Volcanoes Released Hydrogen, Carbon Dioxide, Oxygen,
and Nitrogen, which Made Up the Primitive Atmosphere. Chemical
Combination Among these Gases Eventually Formed Water, Ammonia,
Methane Gas, and Hydrogen Cyanide.

Other compounds were being formed at this time. Those of importance
as precursors to life were the combination of hydrogen and nitrogen to form
ammonia; hydrogen and carbon to form methane gas; and hydrogen and
cyanide to form hydrogen cyanide.

As the earth continued to cool, steam rising form its still molten crust
began to condense into droplets of water, the most important ingredient to
life. At first, it is likely that no water fell to the surface of the earth Droplets
forming in the early atmosphere were converted back to steam as they fell.
When the earth cooled sufficiently, the droplets became rain. The rainy season
of our young planets was tens of thousands of years long. Rain brought with
it molecules of methane, ammonia, hydrogen cyanide and nitrogen, which
became dissolved in the first seas. The early ocean is considered to have been
a primordial soup that contained all these building blocks of life.

Life did not originate at one specific spot at one specific time in the early
oceans of earth; life originated again and again, where ever the necessary precursors
accumulated. Various kinds of molecules became concentrated in bodies of water,
and with energy of lightening volcanic eruptions, and ultraviolet radiation, molecules
fused together to form macromolecules. The molecules of most importance to
life were amino acids which fused to form polypeptides and finally proteins.
Amino acids as well as proteins may possess electrical charges, and the attraction
of opposite charges is thought to have created increasingly larger molecular
aggregates.
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13.2.3 From Monomers to Polymers
Once simple building blocks such as amino acids began to accumulate in the oceans
and smaller bodies of water, could they be assembled into proteins and other
macromolecules? The answer is a clear. “Yes”. Sidney fox of the university of
Maimi found that heating a dry mixture of amino acids causes the formation of long
proteinoids polymers having molecular weights of more than 10,000. Fox has
suggested that such polymerizations took place in volcanic cinder cones and that
the proteins formed were then washed into the sea. J. B. S Haldane and others
considered it more likely that the first macromolecules were formed in seawater or
pond water rather than from dried mixtures of monomers. This, too has been
shown to be possible, for solutions of amino acids will form polypeptides in the
presence of hydrogen cyanide even at the suitably low temperatures.

Another method of polymerizing monomers of various types is to wet and
dry them, alternately, on the surface of clay. The historical operation of this
mechanism is particularly plausible form a geological point of view.

As in the experiments of the Miller type, in which simple molecules were
formed; may different conditions have been shown to be compatible with the
formation of proteins and other polymers? Again, it is not necessary to know the
exact detail of the early physical environment in order to be sure that proteins and
nucleic acids were formed during the era of chemical evolution. On the other
hand, it is unlikely that we shall ever know which mechanism of polymerization
was most important in leading to the appearance of life.

13.2.4 Microspheres
The remaining steps in the origin of life on Earth are the ones about which we
know the least, and it is possible that they will remain surrounded in mystery.
Clearly, though, they must have involved the accumulation of biological
polymers and other compounds into isolated droplets of increasing complexity.
There are, in fact, several ways in which such accumulation can be
accomplished in the laboratory.

For example, Fox heated amino acids together to produce a protein-
like substance called proteinoid. In solution the proteinoid formed
microspheres—small droplets of the solution approximately 2 m in diameter
when hot, concentrated solutions of the proteinoids are slowly cooled. These
microspheres show a double-layered boundary resembling a membrance, and
they swell or shrink as the salt concentration in the solution is charged. If allowed
to stand for several weeks, the microspheres absorb more proteinoid material
from the solution, produce buds, and sometimes divide to produce second-
generation micropsheres. Cleavage or division can also be induced by changing
pH or adding magnesium chloride. These microspheres should not be taken to be
the ancestors of life. Rather, they show some of the remarkable self-organizing
properties of relatively simple chemical systems. They illustrate how many of the
phenomena normally associated with living organisms can be duplicated by much
simpler assemblages.



NOTES

Origin of Life

Self-Instructional
206 Material

One method for the accumulation of chemical substance into partially
organized structures was proposed by the Irish physicist. J.D. Bernal. This method
involves some clay particles, such particles have electrical charges that attract and
bind substances such as proteins. Methane, ammonia, and water vapour can be
subjected to electrical discharge; and among the products are spheres, one quarter
of a micrometer in diameter, consisting of mixtures of biological molecules bound
to clay like particles eroded from the glass of the reaction chamber.

13.2.5 Coacervates
Another accumulation method was proposed and studied by Oprain. He spent
most of his career studying coacervate drops. If you shake a mixture of a
little olive oil in water, the water will temporarily break up into mass of tiny
droplets. If, instead, you use a large protein such as gelatin and a polysaccharide
such as gum Arabic, the result is the formation of coacervate drops, which
are much more stable. As with the oil water system, the coacervate preparation
is divided into two separate phases: the interior of the drops (primarily protein
and polysaccharide, with some water) and the aqueous solution around them.
Coacervate drops will form in solutions of many different kinds of polymers:
protein, nucleic acids, polysaccharides, and various synthetic polymers.

Fig. 13.3: Models of Life’s Precursors.

Coacervation is simply a matter of physical chemistry not of life, yet
coacervate drops show several properties relevant to the origin of life. Many
substances, when added to a coacervate preparation, are preferentially
concentrated with in the droplets. Lipids can coat the boundaries of droplets
with membranes and strengthen the droplets against destruction. Some droplets
made from complex solutions contain separate internal phases. One inside the
other, like a nucleus within a cytoplasmic phase.

If coacervates are prepared so as to contain enzyme molecules, they can
absorb substrates, catalyze a reaction, and let the products diffuse back out into
the solution. Coacervates containing phosphorylase, for example, will absorb
glucose I-phosphate from the surrounding medium and polymerize it into starch.
If a second enzyme, amylase, is also present in the coacervate, it will break up the
starch into maltose, which escapes into the solution. The coacervates containing
phosphorylase and amylase are, then, small factories for converting the
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monosaccharide glucose I-phosphate into the disaccharides maltose. The energy
for the overall process comes from the high-energy phosphate in glucose 1-
phosphate. Oparin even succeeded in making coacervates containing chlorophyll,
that would absorb an oxidized dye from the solution, use light energy to reduce it,
and return the reduced dye to the surroundings.

Fig. 13.4: Interaction of Organic Molecules and Water. (a) Lipid Molecules in Water
Form a Layer Along the Surface. (b) Phospholipids can Form Small Micelles
in Water. (c) Lipid and Proteins in Water will Come Together to Form Structures
Called Coacervates where Proteins are Trapped Inside a Shell of Lipid
Molecules, a Situation that is Perhaps the Beginning of Cellular Formaion.

13.2.6 Late Stage of Chemical Evolution
It is possible that the immediate precursors of living organisms were capsules
of chemical reactants similar to coacervate droplets. Some coacervates would
enclose reaction that led to the early break up of the droplets; others would
enclose reactions that made them more stable. The more stable coacervates
would survive longer and could possibly grow at the expense of their
surroundings by absorbing chemical substances derived from the remains of
the less stable droplets. If wave action or other mechanical forces broke a
large coacervate into many small droplets, each of these might be able to
absorb material and grow on its own. This stage of evolution would be purely
a matter of chemical competition. Any non-biological catalysts that
accelerated the rates of favourable reactions in a given type of coacervate would
give it a great advantage over more slowly reacting droplets. Chemical selection,
therefore, would favour catalyzed reactions. It is not hard to imagine how more
and more efficient catalysts would be developed and retained by chemical selection,
until finally the evolving system stumbled on to the ultimate improvement of protein
like catalysts enzymes.

Oparin postulated the existence of organized metabolizing but non-
reproducing systems that he called protobionts. According to this reasoning the
break through that led to truly living organisms was the development of
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reproduction; the ability of a successful chemical system to ensure its survival by
duplicating itself. The molecules in which the instructions for duplication are stored
in modern living creatures and DNA or RNA. Yet the living unit of life is not just
the nucleic acid but the entire cell or virus. The organism is as helpless without
its nucleic acid as a computer without a program, but the DNA or RNA alone can
no more live than a program without a computer can do calculation. The coupling
of a protobiont with genetic instructions may have occurred many times; at
sometime, one or more of the new, living things were successful in establishing
themselves.

Will a totally new form of life on Earth be assembled from non-living matter,
along lines such as these, in future? Almost certainly not For one thing any simple
biological molecules released into today’s environment are quickly consumed by
already living things. For another, such molecules are no longer accumulating
through the mechanisms described above. Earth’s atmosphere has changed.
Oxygen, too, can oxidize biological molecules. In addition, it gives rise to the
ozone that filters ultraviolet from the sunlight falling on the planet. In so doing, it
blocks one of the sources of energy once available for promoting chemical reactions.
In sum, spontaneous generation is a thing of the past.

13.2.7 Meteorites and Extraterrestrial Life
Even the most primitive Precambrian bacteria were probably compared with non-
living matter. Their discovery sheds no light on the central question of chemical
evolution. How did non-living matter organize itself into a living system? One
possibility is that life did not originate on Earth at all but was ‘seeded’ here by an
extraterrestrial object such as a meteor. Earth is steadily bombarded with showers
of meteors, presumably the debris of shatterd asteroids, and some of this material
contains organic molecules also found in living systems.

Most meteorites are stony or metallic; but a relatively small number are soft
an crumbly, with a high carbon content. These soft meteorites are called
carbonaceous chondrites, and the meteorites that fell in a shower around
Orgueil belong to this category. They have been studied in recent years by
several research groups using techniques similar to those used for detecting
microscopic Precambrian fossils. The results have been inconclusive and have
generated much heated debate. A variety of hydrocarbons have been found;
and some of the organic compounds are optical isomers, which are usually
associated with syntheses carried out by living organisms. It should be noted that
some amino acids found in meteorites are ones not found in organisms on this
planet and, hence, cannot be contaminants introduced after the meteorites fell.
Spheroids and other organized bodies of some complexity have been reported,
but contamination of the meteorites samples by airborne spores and pollen has
confused the issue. In at least on instance, the organized bodies turned out to be
ragweed pollen. Most of the complex organized bodies have proved to be
terrestrial contaminants, and those that are definitely meteoric in origin are sufficiently
simple that they may be natural mineral formation rather than artifacts of life.

Perhaps one should be encouraged by the negative results of meteorite
analysis. These trials serve as a control for the Precambrian fossil analyses.
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Had the meteorite evidence looked fully as good as the Precambrian rock evidence,
it would have been necessary to question our apparent ability to find ‘life’ and
‘organisms’ every where we looked for them. The fact that such well-developed
organisms are not found in meteorites is reassuring in regard to what has been
found in terrestrial deposits.

The presence of hydrocarbons and other ‘biochemical’ compounds in the
meteorites indicates that at least the first step in molecular evolution for formation
of complex organic compounds can occur spontaneously even in space. If these
meteorites are not evidence for life on some shattered planet, they may be evidence
for the universality of the organic chemical rich environment in which life could develop.

13.2.8 Origin of Primitive Living Organism
The coacervates underwent some chemical reactions. Which produced special
proteins or enzymes. This led to self-replication of compounds; those
possessing this property might be regarded as Free gene. Such a structure is
comparable with the free-living virus and is supposed to be formed of
nucleoproteins. Self-replication and mutations of a gene could lead to the
formation of gene aggregates. Such gene aggregates may be regarded as
independently existing chromosomes. It is believed that some of the smallest
bacteria represent such a stage in its evolution.

Further mutations might have led to the accumulation of metabolites
around the chromosomes. The complex so formed represents the exposed
nucleus. Some of the bacteria represent this kind of structure. The cytoplasm
might have been acquired but not separated from the nuclear material as in
blue-green algae or in large bacteria. Finally mutations would have led to
the formation of typical cell with nuclear membrane. Within such a cell lie all
the potentialities of a higher plant and animal. The details of such a chemical
evolution was worked out by Oparin.

Neither heterotrophic nor chemotrophic organisms could have lasted
very long without the presence of autotrophy (photosynthetic organism).
So we believe that early photosynthetic organisms were very much like blue
green algae. Others organisms developed later. The mobility of animal life
was introduced still later.

13.2.9 Miller’s Experiment
The most significant evidence in support of chemical synthesis of life, was proved
by Stanley L. Miller (1953). A specific flask (shown in the figure 13.6) was taken
and a mixture of gases, ammonia, methane and hydrogen was taken in the
flask. A high frequency spark by tungsten electrodes was discharged in a constantly
circulating mixture of gases for about a week. During the periods of experiment,
steam is supplied form the boiling water which, mixes with the other gases. The
steam thus formed condenses to water through condenser and flows back to the
boiling water flask. After the experiment is completed, the resulting fluid, collected
in the U-tube was analysed. The mixture consisted of various acids and amino
acids e.g. glycine, alanine, B alanine, aspartic acid, important for protein
synthesis. But no purines or pyrimidines were present.
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Fig. 13.5: Formation of Primitive Living Molecules and Primitive Living Organisms.

Later on, by a series of experiments by Dhar, Mukherjee, 1954; Bahadur,
1954; Oro, 1959, Pavlovskaya and Pasyukii, 1959, almost all amino acid were
artificially synthesized. Later on purine and pyrimidine and their representatives
were also synthesized which form nucleoprotein.
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Fig. 13.6: Miller Experiment.

Origin of Primary Organisms

Oparin’s coacervates had common properties and still definite individualism ties
and structure. These could grow in size as a result of absorbing substances dissolved
in the surrounding water thus, became more complex and created diversity among
them selves. Due to the presence of certain substances like iron, copper, calcium
etc. first rudiments of future enzymes were formed. The primitive organisms were
successful coacervates. To carry on the activities coacervates needed energy.
Blum states that the source of free energy available for first living things was the
absorption of ultra violet rays. According to any other school of thoughts,
coacervates utilized energy developed during fermentation of the organic substances
absorbed from seawater. In other words it can be told that the production of
energy was done through anaerobic respiration. From purine, pyrimidine,
phosphoric acid and sugar, nucleotides were formed that later on gave rise to
nucleoprotein that developed self-duplicating power. The seawater provided the
necessary raw material for the duplication of nucleoprotein and thus, the amount
of it was increased. From nucleoprotein virus-like organisms developed.

13.2.10 Cellular Life
Horowitz (1945) and Orgel (1976) stated that life originated in its simplest form
(naked genes) in the sea. These genes along with proteins developed long chains
of nucleoproteins that can be compared with chromosomes. The molecules of
nucleoprotein along with organic compounds of sea developed a membranous
covering and thus, the cells similar to prokaryotes were evolved. Such cells were
having protein and other organic substances in colloidal state around DNA molecules
but devoid of nucleus, mitochondria, chloroplast, Golgi complex lysosome and
other organelles. These cells were heterotrophs which were the first organisms



NOTES

Origin of Life

Self-Instructional
212 Material

evolved in the absence of free oxygen which would, anyway, have been a deadly
poison to them. Such organisms were “obligate anaerobes”, which means that they
could live only in an oxygen-free environment. Today there are still species of bacteria
which are obligate anaerobes, but understandably they occur only in specific habitats.

The first organisms were heterotrophs, that is they ob-tained the energy
they required to grow and multiply by breaking down complex molecules
present outside their bodies, in the environment. This they did principally by
a form of fermentation in which organic molecules, such as the sugar glucose, are
broken down to simpler molecules and the energy released stored in the compound
ATP (adenosine triphosphate). The fermentation of one molecule of glucose yields
two molecules of ATP, but much of the potential energy in the glucose molecule
remains trapped in the pyruvate and is not available to the organism.

Gradually the amount of dissolved organic substances decreased in the sea
and the organisms were forced to search the alternatives. Then after they became
chemotrophs or chemo-autotrophs as they utilized energy from inorganic materials
found in sea (sulphur bacteria, iron bacteria etc.). To overcome the shortage of
inorganic substances in such organisms, nature developed chlorophyll from
porphyrins present in sea. Thus, autotrophs evolved. They used solar energy and
synthesized their own food. Even today the autotrophic organisms use the energy
from sunlight to power their biochemical reactions. This is called photoautotrophy
or photosynthesis. The most familiar photosynthetic organisms are green plants,
but photosynthesis also occurs in a number of bacterial groups. Free oxygen was
liberated out for the first time in the atmosphere only after the appearance of
photosynthetic organisms.

Check Your Progress

1. In which year the Big bang theory was proposed?
2. Draw a figure showing the formation of molecules in nature.
3. Define the primordial soup
4. What are coacervates?

13.3 ANSWERS TO ‘CHECK YOUR PROGRESS’
1. Big bang theory was proposed in 1951.
2. See figure 13.1 given in the text.
3. Primordial soup is a solution rich in organic compounds in the primitive

oceans of the earth, from which life is thought to have originated.
4. Coacervates are small liquid droplets of two immiscible liquid phases, often

caused by the encounter of macromolecules with opposite charges or
sometimes from the association of hydrophobic proteins.

13.4 SUMMARY

Earth originated about 6 billion years ago, and life about 3 billion years ago. The
innate curiosity of mankind has always seemed to lead to questions concerning the
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origin of life. It has only been in recent years that definite scientific answers have
began to appear, and for this several theories have been proposed like: theory of
special creation, theory of spontaneous generation, theory of eternity of life, theory
of catastrophism, theory of organic evolution, and modern concepts of origin of
life. Most appealing scientific idea of origin of life was given by A.I. Oparin also
known as Oparin hypothesis. It deals with the big bang hypothesis, dust clouds,
primordial soup, microspheres, coacervates, origin of primitive living organism,
Miller’s experiment and origin of primary organisms.

13.5 KEY TERMS

Fossils: Fossils are the remains of plants, animals, fungi, bacteria, and single
celled living organisms that have been replaced by rock material or impression
of organisms preserved in rock.
Microspheres: These are the tiny, hollow, round particles formed by the
aggregation of lipids and proteins. They are cell like structures but do not
contain all properties of living cell.
Paleontology: Paleontology is the study of the history of life on earth as
based on fossils.
Planet:  A planet is an astronomical body orbiting a star or steller remnant
that is massive enough to be rounded by its own gravity, is not massive
enough to cause thermo-nuclear fusion.

13.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define the term life.
2. Name the highly accepted theory of origin of life.
3. What are coacervates?
4. Differentiate autotrophs from heterotrophs.

Long Answer Questions
1. Write an essay on the origin of life.
2. Discuss the modern concept of origin of life.
3. With the help of diagram explain the Miller’s experiment.
4. Write notes on the formation of coacervates and microspheres.

13.7 FURTHER READING

1. Cairns Smith AG. (1990). Seven Clues to the Origin of Life.
2. De Duve, Christian (1995). Vital Dust: Life as a Cosmic Imperative.
3. Hazen RM. (2005). Genesis: The Scientific Quest for Life’s Origin.
4. Oparin AI. (1953). The Origin of Life.
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14.0 INTRODUCTION

Lamarck (1744-1829) was the greatest French evolutionist who “founded
the modern Theory of Descent”. It was Osborn, who took great pain in the
predictions of Lamarck and the former considered the latter “the most
prominent figure between Aristotle and Darwin”. At the age of fifty he became
a Professor of Invertebrate Zoology at which post he worked so hard that he
was considered as a leading authority in that field. Lamarck was the first
biologist to postulate a theory of evolution in his famous treatise “Philosophie
Zoologique”, in the year 1809. He found that (i) species change under changing
external influences, (ii) that there is a basic or fundamental unity underlying
the diversity of species, and (iii) the species are subjected to progressive
development.

Lamarckian theory of evolution was expressed by him in the following
four “laws”:

Life, by its proper forces, tends to increase continuously in the volume
of every body which possesses it and to increase the size of its parts,
upto a limit which brings it about.
New organs are developed in order to meet the need of new want and
it is maintained too.
The development of organs and their power of action are constantly in
ratio to the activities of these organs i.e. use or disuse of the organs.
Every new character, which has been acquired during the course of life
of individuals, is preserved and transmitted to new generation, which
follows the parental generation, and have undergone those changes.
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This is according to the last ‘law’, which is the most important too, that
acquired characters are inherited and this is what is the ‘Doctrine of
Lamarck’ of evolution.

Lamarckian theory of evolution can be most specifically explained in
the following factors which he considered important in evolution.

Favourable changes in the environment, soil, food, temperature etc.
influence directly the life of plants while indirectly in case of animals
and human beings.
According to needs new organs originate or modify thus, leading to the
appearance of new organs during the life of individuals subjected to the
environmental changes. Environment plays an important role in
evolution. Animals usually develop adaptive characters to live
comfortably in the environment. Whenever, there is any change in the
environment, the animals also respond to the changes, resulting the
development of new characters or structures.
Use and disuse. The proper use of an organ establishes it while no use
makes it eventually lost. For example, anterior limbs of birds became
capable of sustained flight through use, while hind limbs of whales are
lost due to their disuse.
Competition. Nature itself balances the number of living things avoiding
overcrowding by competition among animals. Strongers destroy the
weakers. So the smallers multiply rapidly, while largers less rapidly.
Acquired characters are transmitted. The advantageous changes
resulting from use and disuse and needs are handed down to the
descending generation thus transmitted the acquired characters attained
by parents to offspring.
Cross-breeding. The individuals acquiring any peculiar character or
defect, on pairing, produce same character in the offspring. But perpetual
crosses between individuals, which have not the same peculiarities of
form, result in the disappearance of all the peculiarities acquired in the
particular circumstances.
Isolation. Animals diversified due to separation by distance. Lamarck
expressed this thought in his account of the origin of man from ape and
is not applicable to living things in general.

14.1 OBJECTIVES

After going through this chapter, you will be able to:
Describe the Lamarckian theory
Describe the Neo-Lamarckian views.
Differentiate survival of the fittest and natural selection.
Describe the Neo-Lamarckism and Neo-Darwanism.
Understand the origin of species.
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14.2 NEO-LAMARCKISM

Inspite of great objections against Lamarckian principles, many followers of
Lamarck have attempted to revive the Lamarckian concept of evolution by
contributing their own ideas to it. They also have revised the original theory
in the light of recent developments in biology, rectifying almost all defects.
This revised theory of Lamarck is known as Neo-Lamarckism. The biologists
who contributed their ideas for Neo-Lamarckism are called Neo-
Lamarckians. A few of them are Hvatt, Packard, Spencer, Cope, Osborn,
Cannon, Mc Dougall, Gadow, Naegali etc. According to Neo-Lamarckism,
although the inheritance of the effects of use and disuse have not been proved,
it has also not been shown that the possibilities are not there.

The supporters of Neo-Lamarckism have utilized the discovery of
hormones. They say that just as the sex hormone secreted by sex glands bring
about changes in the somatic cells of an organism, the external influences
affecting the somatic cells can stimulate the body cells to produce specific
secretions which in turn reach the sex cells through the blood. Such variations
can easily be inherited by offspring. It is now known that X-rays can affect
the germ cells. Tower has experimented with potato beetle and shown the
effect of environment on the germ cells without producing any change in the
somatic cells. He exposed the potato beetles lo varying degrees of moisture
and temperature when the reproductive organs were developing in them. The
beetles themseives were unaffected, but the offspring exhibited conspicuous
variation in colour and pattern, winch were inherited.

Jenning’s experiments. Jennings made many experiments upon
Paramecium. He noted that if the environment was changed the characters
had modified and if again the original environment was provided, the
modification disappeared.

Griffith and Detleofson’s experiment. Griffith and Detleofson
performed an experiment using rats to prove the inheritance of acquired
characters. They reared rats on a rotating table for several months. Conse-
quently, they became adapted to the rotating condition to such an extent that,
when rotation was stopped, they showed signs of nystagmus (dizziness) and
other physiological conditions. They appeared to be mentally confused. These
rats were allowed to reproduce. The offspring also exhibited dizziness and
irregularity in the gait. This is an acquired character inherited by the offspring.

Sumner’s experiments. According to F.B. Sumner, if the temperature is
raised to 30°C, the white mice would develop longer hind legs, tail and body, and
if they are allowed to mate at lower temperature, their offsprings showed the
longer size and proportions indicating the transmission of this characters.

Kammerer’s experiments. Kammerer worked on Proteus anguinus
(an amphibian) living in underground cave water in complete darkness. It has
vestigial eyes covered over by skin. It is also colourless due to the absence of
pigments. On bringing the animal to daylight, the animal develops colour and
normal eyes and these characters are transmitted to their offsprings.
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Kammerer also studied the effect of coloured surroundings on the colour
of skin of spotted Salamander. He placed some salamander in black surroundings,
while few others in yellow surroundings. The surroundings developed their
respective colour in Salamander, and the same character was then inherited to
their offsprings William Bateson questioned the validity of the Kammerer’s work.
Kingsley Noble reported the fraud done by Kammerer by colouring them with
India ink that is why Kammerer committed suicide.

Table 14.1: Differences between Lamarckism and Neo-Lamarckism

Lamarckism Neo-Lamarckism
1 It is the original theory given by It is a modification of the original

Lamarck. theory of Lamarck in order to make it
more suitable to modern knowledge.

2 The theory lays stress on internal vital Neo-Lamarckism does not give any
force, appetency and use and disuse of importance to these factors.
organs.

3 It believes that change in environ- The theory stresses on the direct effect
ment brings about a conscious of changed environment on the
reaction in animals. organisms.

4 According to Lamarckism the Normally only those modifications are
acquired characters are passed on to transferred to the next generation
the next generation. which influence germ cells or where

somatic cells give rise to germ cells.

McDougall’s experiments. McDollgall trained white rats to escape
from a tank of water by certain route. In his experiments rats were plunged
into a tank of water from where there were two exits, one lighted and the
other dark. A rat leaving by the lighted exit got an electric shock, while one
leaving by the dark exit got no shock. Thus, the number of trials needed for a
particular rat to learn always to select the dark exit formed a measure of its
speed of learning. These trained rats were then mated and their offsprings in
turn were taught the problem of escape. This was repeated for 44 generations.
He found that there was a marked progressive decrease in the number of
errors by white rats.

Guyer and Smith’s experiments. To prove the inheritance of acquired
characters Guyer and Smith crushed the lens of rabbit and inoculated it into
fowl which developed anti bodies. The antiserum of fowl was injected into
pregnant rabbit. Some of the offspring of rabbits were born with defective
eyes and this character was inherited in successive generations. The above
facts clearly indicate that there is definitely some truth in Lamarckian theory.
The modern view is that only those characters are inherited, which affect the
germplasm, while others affecting somatoplasm are not inherited to their
progeny.

Tower’s experiment. Tower worked on potato beetles and found that
when exposed to extreme conditions of moisture and temperature, marked
changes appeared in offsprings and these unusual modifications were all
inherited in the successive generations.

The appeal of Lamarckism has persisted, because it seems that many
of the more remarkable adaptations could have arisen only in direct response
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to the environment or to the needs of the organism. These are phenomena in
evolution, which some believe to suggest that whatever may be said against
it. there is some truth in Lamarckism of inheritence and it is possible that
infuture, truth may be found in it and the Neo-Lamarckians may be justified.

14.2.1 Criticism of Lamarckism
According to C.D. Darlington, the Lamarck’s theory is an evergreen
superstition. However, many objections were given against Lamarckism. They
are as follows:

Tendency to Increase in Size

In his first law, Lamarck states that all organisms have the tendency to increase
in size. This statement is not universally applicable though it seems true in
many cases. There are instances where the highly evolved organisms are smaller
than the organisms of lower groups. Some sponges are bigger in size than
several coelenterates. Many fishes are bigger than some amphibians, reptiles,
birds and even mammals.

Formation of New Organs at the Will

According to Lamarckian second law the formation of new organ depends
upon the will or need of the organism. Every person has the desire to fly in
the air, none of us could develop wings.

Use and Disuse of Organs

According to the third law of Lamarck, when an organ is put to greater and
constant use, that particular organ develops well, at the same time when an
organ is not used for a long time, it gets reduced and in due course it
degenerates and disappears. This theory has also been criticized strongly.
Body organs like heart, eyes are put in regular and continuous use however,
no change in their size or musculature has been reported so far.

Inheritance of Acquired Characters

Acquired characters are those developed by animals during their life time in
response to the environmental changes. According to the Lamarckian fourth
law such characters are inherited to the offspring. This principle of inheritance
of acquired characters has also been criticized by the following examples.

Tail of mice. The greatest blow to Lamarckism came from August
Weismann. According to Weismann, the body of an organism consists of
somatic cells and the germinal cells. Any change affecting the soma is not
heritable and it disappears with the death of the individual.

Weismann showed that if we cut the tail of white mice during its life-
time, then the offspring of these rats do possess tail and do not show the
absence of the tail indicating that the character is not transmitted. He
experimented for 22 generations, every time cutting the tails of parental
generation and recording the presence of the tail in the progeny. He found not
even a single mice developed even a reduced tail.
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Fig. 14.1: Showing Lamarckian Use and Disuse.

Boring of ear lobes and nostrils. Indian women used to bore their ear
lobes and nostrils to wear ornaments from ancient time. But this character is
not inherited to the next generation. Not even a single child is born with
piecered lobe or nostril. This example does not follow Lamarckian principle.

Feet of Chinese women. In China the small sized feet in women is
always heartly accepted. To keep the feet of women smaller, the chinese girls
used to wear iron shoes. Still young ones with feet of normal size are produced.

Scars. Scars are the impression of accident, battle field or disease like
small pox etc. left on the body are never transmitted to the next generation
thereby disproving the inheritance of acquired characters.

Povlov’s experiment. Pavlov, during his experiments trained the dog
to take its food on hearing the bell. But this character was not transmitted to
the offspring. Instead every dog, in order to develop this character, was needed
to be famed similarly. So, this clarifies that the acquired characters are not
inherited.

Check Your Progress

1. Name all the three laws postulated by Lamarck.
2. Describe the McDougall’s experiment.
3. Write down the name of all objections given against Lamarckism.
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14.3 DARWINISM

Charles Darwin was a methodical painstaking English naturalist, and he was the
first who founded the theory of organic evolution. He was born on February
12,1809 at Shrewsbury. He was educated at Shrewsbury. The career of Charles
Darwin began with his voyage on H.M.S. Beagle (December 27, 1831 to
October 2, 1836) as the ship’s naturalist. He visited Cape Verde and other
Atlantic Islands, New Zealand, Australia, Tasmania, Mauritius and Brazil.
He spent about five weeks among the Galapagos Islands, and about five
vears in the voyage. He was very much impressed by remote animal life.

Charles Darwin married his cousin Emma Wedwood in 1839. He was
blessed with two daughters and five sons. He was very kind to his family,
friends, and fellow scientists. He was acknowledged as Great before his death.
He died on April 19, 1882 and buried in Westminster Abbey next to Sir Issac
Newton.

Fig. 14.2:  H.M.S. Beagle.

Tendency to rapid increase in number. Organisms produce far more
offsprings than ever reach maturity. This is the tendency of all living organisms
to multiply their namber rapidly. For example, one pair of common house-
flies breeding in April would have by August, if all eggs hatched and all resulting
individual lived to reproduce in their turn, 191,010,000,000,000,000,000
descendants. In case of Drosophila, each female lays 200 eggs and the fly
completes the life cycle in 10-14 days. Therefore, if the production goes as
such, in 40 days their will be about 200,000,000 flies. Another example is
taken from Paramecium. It multiplies at the rate of 3000 generations in five
years, if all the descendants existed, their protoplasm would approximately
equal to 10 times the volume of the earth. Similarly one mosquito may have
two hundred billion descendants in one summer. An oyster lays about 1
14,000,000 eggs in a single spawning. A single Ascaris lays about 27 million
of eggs in her life span. Among the lower vertebrates where no parental care
is given to the young the potential productivity is necessarily enormous. In
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four herrings the number of eggs varied from 20,000 to 47,000, in a cod there
may be as many as 6,000,000 eggs, in turbot, 9,000,000 and in a ling,
28,000,000 eggs in a season. One female toad may lay as many as 12,000
eggs. Elephant is the slowest breeder, the one pair normally produces only six
offsprings in one hundred years. If they are allowed to reproduce, and if all
the offsprings survive then in a span of 750 years, single pair will produce 19
million descendants.

Struggle for existence. Struggle for existence is most important check
for keeping the numbers constant. Due to the excessive rate of production of
organisms, there is an everlasting competition or struggle between the various
individuals for food, space, and other requirements. Therefore, the population
of most species tend to remain more or less constant because of various
limitalions such as less of food, living space, breeding spaces etc. For all
these requirements, a competition for existence takes place among the
individuals of the species and this is what is called as struggle for existence.
There are three types of struggle for existence, which are as follows:

Intra-specific. This is the struggle among the organisms of single and
same species i.e. within the same species, because their requirements
like food, shelter, breeding places, etc. are similar. Cannibalism (eating
the individuals of own species) is the example of intra specific struggle.
Many human wars are also included in this category.
Inter-specific. This is the struggle among organisms of different species
i.e. between the different species. For example, rabbit is preyed upon
by a fox, fox by tiger on its turn. In this way a struggle continues between
aggressor and a victim.
Extra-specific or environmental struggle. The environmental factors
like extreme cold, heat, heavy rains, earthquakes also play an important
role in determining the number of individuals and causing population
control.
ln short the struggle for existence is a continuous process in nature

involving many factors each of which eliminates some individuals. It acts at
every stage of the life-cycle of a species from egg to adult. For example,
during the life-history of liver fluke, there is a check involving destruction
and elimination of several individuals. However, if any individual survives
long enough to reproduce its own kind it is considered as successful in the
struggle for existence.

Variation and heredity transmission. No two individuals are exactly
alike. They differ in size, colour, physiology, behaviour, and other ways. Due
to everlasting competition, there is variation of living beings. With the changing
conditions, all individuals show at least some and very few changes from
each other, and this is the variation. Due to the variations some individuals
would be better adjusted towards the surroundings than the others. Adaptive
modifications are caused through the struggle for existence. Darwin considered
these variations to be hereditary. Only those variations which are helpful and
most suited, are transmitted to the next generation while unsuited variations
are eliminated, even though he did not understand how. The mechanism of
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genetic mutation was to be discovered many years later. Darwin pointed out that
humans have taken advantage of inherited variation to produce useful new breeds
and races of livestock and plants. He believed that, if selection is possible under
human control, it can also be produced by agencies operating in nature. He reasoned
that natural selection can have the same effect as artificial selection.

Survival of the fittest or natural selection. Darwin suggested that in
the struggle for existence only those individuals survive and propagate which
adopt the changing variations. This process was named as the “survival of
the fittest”. The individuals bearing favourable variations survive and have a
chance to breed and transmit their characteristics to their offspring. The less
fit die without reproducing. Natural selection is simply the differential survival
or reproduction of favoured variants. The process continous with succeeding
generations so that organisms gradually become better adapted to their
environment. Should the environment change, there must also be a change in
the characteristics that have survival value, or the species is eliminated.
Reproduction is what really counts in natural selection. According to Darwin,
the process would continue to operate in succeeding generations gradually
adapting the animals to their respective environments. When there is a change
in the environmental conditions there would also be corresponding changes
in the sort of characters that could survive under natural selection.

Darwin’s finches. A species in a changing environment or a species
migrating to a new environment, would in course of time be suitably changed
in the new conditions. This is clearly shown by birds known as Darwin’s
finches. Darwin collected and examined 31 specimens of finches from
Galapagos islands. In all there were 13 species of birds having special
adaptations suitable to particular environment. Darwin’s finches, all derived
from one similar mainland species, have radiated widely on the Galapagos
islands in the absence of competition. The phenomenon by which they change,
coming to occupy a series of different habitats within a region, is called
adaptive radiation. Adaptive radiation occurred among the 13 species of
Darwin’s finches on the Galapagos islands. Presumably, the ancestor of
Darwin’s finches reached these islands before other land birds, so that when it
arrived, all of the habitats where birds occur on the mainland were unoccupied.
As the new arrivals moved into these vacant niches and adopted new lifestyles,
they were subjected to diverse sets of selective pressures. Under these
circumstances, the ancestral finches rapidly split into a series of populations,
some of which evolved into separate species.

14.3.1 Origin of New Species
According to Darwin adaptation of survivors to new environments may lead
to the formation of new structures and modes of behaviours. Thus, organisms,
generation after generation, will show new forms and thus latest forms will
be regarded as new species. Thus, modifications in relation to changes of
environment will lead to the origin of new species. In this way two or more
species may arise from a single ancestral species. Through adaptation to a
changed environment, a group of animals may also diverge enough from their
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ancestors to become a different species. Darwin thought that possible new species
might have arisen from the old ones with the difference of lines of descent, which
produced varieties, incipient species and then species themselves.

14.3.2 Evidences in Favour or Darwinism
There are a number of evidences which go in favour of Darwinism. Some of them
are given below:

Size. In olden days there existed large sized animals which later on faced
the scarcity of food, space, and the changes in the climate. They are now
replaced by small sized and more suited animals.
Pedigree. Pedigree of horse, camel, elephant and other animals also support
the theory of Darwin
Struggle for existence. Competition or struggle for existence is seen in all
organisms.
Abundance of variations. Variations are so abundant in nature that no
two individuals of a species are similar, not even the monozygotic twins
(they possess some dissimilarities due to their environment).
Production of new varieties of plants and animals by sexual selection.
When man can produce various new varieties of plants and animals in a
short period, nature with its vast resources and long time at its disposal
can easily produce new species by selection.
Mimicry and protective colouration. They are found in certain animals
and are products of natural selection.
Correlation between nectaries of flowers and proboscis of insects
(Entomophily). The position of nectary in a flower and the length of
proboscis in pollinating insects are wonderfully correlated.
Pedigrees of some animals. Pedigrees of horses, camels and elephants
also support the Natural Selection Theory.
Rate of reproduction. Rate of reproduction is many times higher than
the rate of survival in all organisms.

14.3.3 Objections to Darwinism
In spite of the fact that Darwinism is universally accepted as the factor of
evolution, there are many objections to the theory and they are as follows:

Inheritance of small variations. According to natural selection theory
only useful variations are transmitted to the next generation, but
sometimes small variations which are not useful for the possessor, are
also inherited. It is beyond understanding that if the appearance of small
wings in buds could help them in flying.
Over-specialization of some organs. Some organs like tusks of
elephants, antlers of deer have developed so much that instead of
providing usefulness to the possessor, they often give hindrance to them.
This theory cannot explain these facts.
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Vestigial organs. Theory of natural selection does not satisfactorily explain
the occurrrence of vestigial organs, which are useless and if they were not
of any use, they should not have been preserved and further developed by
natural selection.
Duration. The geologic time has been too short to give selection opportunity
to do its work.
Arrival of the fittest. Darwin left us with a very fundamental and important
problem, which was not solved by himself that “upon what material does
natural selection act in the formation of species”. It is true that fittest survive,
but what is the origin of fittest ?
Discontinuous variations. The theory fails to explain the cause of sudden
changes in the body. The main drawback of Darwin’s theory was lack
of the knowledge of heredity and that is why he could not explain that
how the variations are caused.
Selection. Selection depends on the organisms having a sum total of good
and bad characters and not a single character.
Darwinism does not include the traditional stages in the formation of new
species.
It is difficult to imagine a reason why variations tending in an infinitesimal
degree in any special direction should be preserved.
No one has ever observed new species developing from another - this
ought to be possible if evolution by natural selection is not in progress.
These are some of the reasons which, on purely rational grounds, appear

amply to justify those who decline to pledge their faith in Darwinism inspite
of the popularity it enjoys.

Check Your Progress

4. What is the name of ship of Charles Darwin?
5. Describe the struggle for existence.
6. Give a list of evidences in favour of Darwinism.
7. Describe the differences between Darwinism and Neo Darwinism.

14.4 NEO-DARWINISM

Darwinism was generally accepted by biologists in the latter part of the last
century. But about 1890. doubts began to be thrown upon it and around
1910, some critics proclaimed the death of Darwinism due to following facts.
Darwinism became purely speculative involving selection to explain anything
and everything without requiring proof and without providing any
explanations. With the discovery of mutations it is said that hereditary change
proceeds by large jumps.
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Mendel contributed force necessary to establish Darwin’s concept and its
general acceptance. Darwin’s natural selection theory contained a number of defects
which cannot explain the entire process of evolution. For example, it failed to
ditferentiate acquired characters and inheritable variations. Secondly natural
selection is a limiting and not an initiating force. In the light of modem developments,
Huxley, Haldane, Goldschmidt, Dobzhansky, Fischer and others put forth the
theory which supported Darwinism and this is named as Neo-Darwinism.

According to Darwin, evolutionary changes in animals are small variations
and suitable variations under the force of natural selection survived. This is something
true and several important evidences of natural selection have come to light. For
example, if an area of mosquitoes is sprayed with DDT to kill them. mutant forms
have been found to have evolved which showed great tolerance to DDT. Thus,
Neo-Darwinism has a genetic basis and it lays special emphasis on the occurrence
of mutations. Neo-Darwinism only involves the germinal mutations.

Although the genes are highly stable units, but undergo mutation which may
be caused by a physical or chemical changes in the make up of genes. If a single
gene undergoes mutation while the corresponding gene in the other chromosome
remains unchanged, the resulting organism will become a hybrid for that particular
trait. It has been found that gene mutations can be induced by various extrinsic
factois such as X- rays, chemicals etc. In every generation by sexual recombinations
or by mutations inheritable variations may arise. If the organisms exhibiting such
variations survive and reproduce, their genetic make-up will be perpetuated so
that ultimately it will spread to many or all the members of the population. Whether
such a spreading will take place or not depend on natural selection. Natural selection
is, therefore, synonymous with differential reproduction and it means that those
individuals of a population which leave more offspring than others are more
successful.

Table 14.2: Differences between Darwinism and Neo-Darwinism

Darwinism (Natural Selection) Neo-Darwinism
1 It is the original theory given by Neo-Darwinism is a modification of

Charles Darwin (1859) to explain the original theory of Darwin to remove
the origin of new species. its short-comming.

2 According to this theory accumulation Instead of continuous variations,
of continuous variations causes change mutations are believed to help form
in individuals to form new species. new species.

3 It believes in the selection of individuals Variations accumulate in the gene pool
on the basis of accumulation of and not in the individuals.
variations.

4 Darwinism does not believe in isolation. Neo-Darwinism incorporates isolation
as an essential component of evolution.

5 It can explain the origin of new The theory cannot explain the origin
characters. of new characters.

6 Darwinism cannot explain the The theory can explain the occurrence
persistence of certain forms in the of unchanged forms over millions of
unchanged condition. years.

By various experiments and statistical analysis it has been shown that
the gene frequencies in a population will remain constant from generation to
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generation if (a) mating is a random process, (b) if gene mutations are balanced,
and (c) if the population is large. This is known as Hardy Weinberg law (HWL)
which states that when a population is in genetic equilibrium, the rate of evolution
is zero. When two individuals with mutually acceptable traits mate the gene, which
control such traits will increase in number through the offspring and spread through
populations. Individuals with mutually undesirable traits are not likely to mate and
so their genes do not spread through populations. Thus non-random mating in a
population means natural selection. As a result, some genes spread more rapidly
than others in a population, the gene frequencies will become altered upsetting the
HWL equilibirium. This represents evolutionary change, natural selection operating
for or against given genes.

To sum up, Darwinism today is very much alive. In certain respects, indeed
modern evolutionary theory is more Darwinian than Darwin was himself. Darwin’s
special contribution to the evolutionary problem was the theory of natural selection,
but owing to the rudimentary state of knowledge in certain biological fields he was
forced to bolster this up with subsidiary Lamarckian hypothesis of the inheritance
of the effect of use and disuse and of modifications produced by the direct agency
of environment.

Check Your Progress

8. Who was the person to contribute force necessary to establish Darwin’s
concepts?

9. What are the bases of Neo Darwinism?

14.5 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Lamarckian first law is related to the size of organism that increases
gradually with its evolution. Second law is the formation of new
character at the will of organism. Third law is the development of
organism depends upon the use and disuse and finally their inheritance
to the progeny.

2. McDougall trained white rats to escape from a tank of water by certain
route. These trained rats were then mated and their offsprings in turn
were taught the problem of escape. He repeated this experiment for 44
generations and observed a marked progressive decrease in the number
of errors.

3. Many objections were given against Lamarckian including as: Tendency
to increase in size (many fishes are bigger than same amphibians, reptiles,
birds and even mammals), use and disuse of organ (heart and eyes)
formation of new organs at the will (desire to fly in the air), tail of mice,
boring of ear lobes and nostrils etc.

4. It was H.M.S. Beagle.
5. Struggle for existence is most important check for keeping the number

of species constant. Due to the excessive rate of production of
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organisms, there is an everlasting competition or struggle between the various
individuals for food, space and other requirements. This is the struggle for
existence.

6. There are a number of evidences which go in favour of Darwin. These
include pedigree of horse, camel, elephant, competition for food and
space, variations or dissimilarities even in monozygote twins, sexual
selection, natural selection etc.

7. For this see text.
8. Mendel contributed force necessary to establish Darwin’s concept and its

general acceptance.
9. Neo-Darwinism has a genetic basis and it lays special emphasis on the

occurrence of germinal mutations. It also incorporates isolation as an
essential component of evolution.

14.6 SUMMARY

Lamarck (1744-1829) was the greatest French evolutionist who founded the
modern theory of descent. He was the first biologist to postulate a theory of
evolution in his famous treatise Philosophic Zoologique: in 1809. Lamarck
was credited for the inheritance of acquired characters. On the other hand
Darwin was credited for the origin of species. He visited galapagos islands
and other places and studied the animals and plants in nature. The work of
Darwin can be summarized under the following heads: Tendency to rapid
increase in number, struggle for existence, survival of the fittest, variation,
and the origin of new species.

14.7 KEY TERMS

Arrival of the fittest: Credit for this piece of work must be given to
Spencer.
Artificial selection:  It is the identification by humans of desirable traits in
plants and animals, and the steps taken to enhance those traits in future
generation.
Social Darwinism: Believe in survival of the fittest and it has been used to
justify inperialism racism eugenics and social inequality at various times over
the past century and a half.

14.8 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What was the greatest weakness of Darwin?
2. Write notes on Galapagos islands.
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3. What are the Darwin’s finches?
4. Write notes on Kammerer’s experiment.

Long Answer Questions
1. Write an essay on Darwin’s origin of species.
2. Describe the Lamarkian inheritance of acquired characters.
3. Explain the differences between Darwinism and New Darwinism.
4. Discuss Neo-Lamarckism or Neo-Darwinism.

14.9 FURTHER READING
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15.0 INTRODUCTION

What is the attitude of contemporary biologists to evolution? Most English
speaking biologists are very firm advocates of a synthetic evolutionary theory
which is, in fact, an amended version of Neo-Darwinism, or rather a synthesis
of mutational and of Neo-Darwinist theories. The brilliant American
palaeontologist G.G. Simpson followed this school of thought. He postulated
the concept that life appears to be a strange mixture of the directed and the
non-directed, of the systematic and the non systematic. Adaptation is the
guiding force of evolution, and the mechanism of adaptation is supplied by
natural selection acting on the genetic structure of populations. Amended
Neo-Darwinism is simply the ‘extrapolation’or the extension to all geological
times and to all organisms, of the mechanisms of transformation as analysed
by the genetics of populations, that is to say by the science which studies the
genetic structure of populations and its variations from generation to
generation. The direction which evolution takes is, then, the result of an
interaction between the genetic constitution, which controls the mechanisms
of development, and natural selection, which serves as guide. Mutations supply
the possibilities, selection chooses the path.

15.1 OBJECTIVES

After going through this chapter, you will be able to:
Understand the synthetic theory of evolution.
Differentiate hereditary vanations from non-hereditary variations.
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Discuss the role of mutation in evolution.
Understod Founder effect and Bottloneck effect.

15.2 BASIS OF THE SYNTHETIC THEORY

The synthetic theory is mainly based on the following:
There is a high reproductive rate among the organisms, so that, many more
are born than can possibly survive. This is the over production.
Limited supply of food and less availability of space.
High death rate among the individuals of a species.
Numerous variations appear in the structure and physiology of organisms.
These are due to gene recombinations, gene mutations, chromosomal
aberrations, polyploidy etc.
Mutations and gene recombinations produce a differential reproduction
among the individuals.
Natural populations split into smaller units by isolation and result in the
formation of sub-species.
At the outset we must recognize that at least in higher organisms, and

perhaps in microorganisms as well, the three processes, mutation, genetic
recombination, and natural selection, are equally indispensable for
evolutionary change to take place. Speculations as to which of the three is
the most important are completely pointless. The inter-relationships can be
well illustrated by the following analogy. An evolutionary line of organisms
which is changing through eons of time can be likened to an automobile being
driven along the highway. Mutation then corresponds to the gasoline in the
tank. Since it is the only possible source of new genetic variation, it is essential
for continued progress, but is not the immediate source of motive power.
This source is genetic recombination, through the shuffling of genes and
chromosomes which goes on during the sexual cycle. Since this process
provides the immediate source of variability upon which selection exerts us
primary action it can be compared to the engine of the automobile. Natural
selection, which directs genetic variability toward adaptation to the
environment, can be compared to the driver of the vehicle. Various lines of
evidence indicate the structural changes in the chromosomes, which change
the order of arrangement of the genes along them, can have profound effects
upon the inter-relationship between genetic recombination and natural
selection, and so can be compared to the transmission and accelerator of
the automobile. Finally, reproductive isolation which includes all the barriers
to gene exchange between populations, has a canalizing effect similar to that
which the highway, with its limits and directive signs, exerts upon the driver
of the automobile, thus permitting several vehicles to drive in the same direction
at the same time.

Evolution carries out no pre-arranged plan; the essence of its characters
is ‘opportunism’. It explores all potentialities and what can occur, does occur.
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Opportunism is limited only by the means which organisms have at their disposal
to profit by the possibilities which the environment offers. Adaptation to these new
possibilities is the guiding factor. Evolutionary material is composed of the genetic
systems of population and their mutants. As stated above evolutionary changes
are the outcome of new genetic combinations arising from crosses, of the nature
and rate of mutations, and of natural selection.

The biologists, who were responsible for the understanding of Neo-
Darwinism are: J.S. Huxley, R.A Fisher, J.B.S. Haldane, Sewall Wright, H.J.
Muller, T. Dobzhansky. Ernst Mayr and G.L. Stebbins. They were also credited
for the modern synthetic theory of evolution. In the synthetic theory of
evolution, many factors. such as natural selection, isolation, genetic
recombination and population dynamics, are involved. To explain the
modern view of the biologists regarding evolution the pertinent concepts,
that have been formalized since the theory of natural selection was just
proposed, are herein considered.

15.2.1 Variations
The fact that no two organisms or parts of the organisms are exactly alike, no
matter how closely related, is a commonly observed phenomenon. It is the
basic pre-requistic and progressive factor for evolution, without variations,
no change could occur and evolution would be impossible. Darwin recognized
two kinds of variations even without any knowledge of heredity: Non-
hereditary variations, and hereditary variations.

Non-hereditary variations appear during the life of an animal and are
not passed on to the offspring. Hereditary variations are important for
evolution as they are passed on to the progeny. Simpson took the example of
the horse and the evolution of the animal’s size, its hypsodont or high crowned
cheek teeth, the design of its denial crowns, and the structure of its foot. In
the Eocene period the ancestors of the horse inhabited forest regions ate
leaves. Variation was intense and the acquisition of new character, was to
favour the subsequent change in diet. The growth of the dental crown was a
pre-adaptation to the hypsodont molars indispensable to an animal which
feeds on grass. Reduction in the number of toes was a pre-adaptation to
running across treeless hills, ‘the lengthening of the face was necessitated by
the development of hypsodont teeth which require more space. This sequence
of pre-adaptations enabled mutant animals to gain the grassy savannahs.
However, modern biologists have proved that hereditary variations arise within
the reproductive cells of the animals and not in somatic or body cells.

Frings H. and Frings M. (1970) mention that heritable variations are
of three major types: mutations, chromosomal changes, and
recombinations. Mutations are the changes in the coding of the genetic
material that may further be either due to change in the form of triplet sets of
nitrogen bases in DNA or regarded as both DNA changes and changes in
other key material. The mutation may be due to the chromosomal aberration
including breakage and re-union of chromosomal parts. The heritable variation
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may be due to the recombination including individuals will irregular chromosomal
arrangements of mutations.

15.2.2 Mutations
Darwin did not distinguished between non-heritable and heritable variations. Non
heritable variations are environmentally induced variations. Now-a-days mutations
are supposed to be the raw material for evolution by natural selection. The
inheritable variations may be due to the changes in gene’s chromosomal
configuration and recombinations due to sexual reproduction. It is a progressive
factor in evolution, for without variation no change could occur and evolution
would be impossible. Natural selection—the great Darwinian factor—is not
responsible for these changes, yet it has an important role.

The origin of genetic variability is mutation. Most mutations are known to
be harmful or neutral, but the small fraction that do not provide the material upon
which other agents of evolution act. Mutations are of two basic kinds: point
mutations and chromosomal mutations. The former are molecular events
involving substitution of some nucleotide pairs for others in the DNA molecule. At
the other end of the scale, chromosomal mutations constitute major alterations
involving hundreds or thousands of nucleotide pairs. The major types of
chromosomal mutations can be imagined as the changes that can occur in a
chromosome manipulated in all ways except those that involve twisting it or pulling
it out of shape. A chromosome can be broken into smaller pieces, joined to another
chromosome, have a piece removed from it (deletion), or have part of it doubled
(duplication). In addition, a piece can be removed and reinserted end-for-end
(inversion) or transferred to another chromosome (translocation). Still another
change involves duplication of the full set of chromosomes (polyploidy).

In addition to creating the raw material on which evolution is based, mutations
can also influence the direction of evolution. Mutations are usually reversible that
is, a1 can mutate to a2 and vice versa. If rates of mutation in one direction are
higher than those in the reverse direction, then allele frequencies if no other
evolutionary agent is acting- would shift in the direction of the more rapid rate.
Differences in rates usually occur when one allele is much rarer than the others at
a locus; but as a mutant allele increases in frequency, the rates in both directions
tend to equalize. Alleles rarely reach proportions greater than 0.05 in a population
simply by mutation pressure. Also mutation rates are very low for most loci that
have been studied in table. Rates as high as one in a thousand per generation are
rare; one in a million is more typical. These rates are sufficient to create variability
but not high enough to override other agents that are usually more powerful.

15.2.3 Recombinations
Genetic variation arises not only from mutations, but from recombination as well.
In eukaryotes this results from two processes that are often, but not always,
associated with each other. These are sexual reproduction (the union of potentially
different gametes) and the formation of gametes genetically different from those
that united to form individual that produces them. The latter also entails two
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processes that are not invariably associated: independent segregation of non-
homologous chromosomes, and crossing over between homologous chromosomes.

These processes vary greatly among different organisms. Sexual reproduction
can involve two individuals or one, as in self fertilizing plants. In ameiotic
parthenogenesis, meiosis does not occur and the offspring develops from an
unreduced egg. Some uniparental organisms have meiosis, independent segregation,
and crossing over. For example, the diploid chromosome number is restored in a
parthenogenetic form of the moth Solenobia triguetrella by fusion of two of the
four products of meiosis. Some organisms, such as the males of Drosophila and
many other Diptera, have normal meiosis but no crossing over. In, males of the
fungus gnat Sciara, only the chromosomes inherited from the mother are transmitted
to the sperm cells, so segregation of chromosomes is anything but independent.

The new combinations of genes that arise by recombination may confer
properties on offspring that transcend those of either parent. Thus variations
can arise at a far higher rate than by mutation alone.

However, extreme homozygous genotypes arise with low frequency.
Most individuals in the population will have a mix alleles and will be
intermediate in size. Hence, the population contains latent variation for extreme
genotypes, but these genotypes are rare. Moreover, an unusual genotype that
is generated by recombination will be broken apart by recombination in the
next generation, thus recombination tends to stabilize the range of variation.
However, a newly arisen combination can be perpetuated if recombination is
restricted. Chromosome inversions that suppress crossing over have this effect,
as does parthenogenesis.

Check Your Progress

1. What are the basis of the synthetic theory?
2. Describe the role of variation in the synthetic theory.
3. What is the role of mutation in the synthetic theory?

15.3 GENETIC DRIFT

Genetic drift is the alteration of allele frequencies by chance. It is most
important in very small populations Suppose we have performed a cross of
Aa × Aa individuals of a species of Drosophila so that in our population p = q =
0.5.  If we select four individuals from among the offspring to start a new population,
we are likely to obtain allele frequencies that differ markedly from the one in the
large population. In fact one of the two alleles would be missing in approximately
0.8 percent of such samples.

Genetic drift always influences allele frequencies to some degree in both
large and small populations, however, a larger population is expected to suffer less
of a sampling error than a smaller population. A ratio of 8 heads to 2 tails is not
uncommon in 10 tosses of a coin. A ratio of 80 heads to 20 tails is much less likely.
The effects of random genetic drift on allele frequencies are inversely proportional
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to the actual size of the population. Therefore, in small populations of less than
approximately 100 individuals. genetic drift may be strong enough to influence
allele frequencies even if other agents of evolution are acting to alter the frequencies
in different directions. Inbreeding also increases as population size decreases,
increasing the frequency of individuals homozygous for recessive alleles, many of
which may be deleterious.

Genetic drift is a random process, and therefore it is not likely to produce
the same results in several populations. In California, there are a number of
cypress groves, each separate population. All the tree belong to the same
species, but the phenotypes within each grove are more similar to one another
than they are to the phenotypes in the other groves. Some groves have
longitudinally shaped trees, and others have pyramidally shaped trees. The
bark is rough in some colonies and smooth in others. The leaves are grey to
bright green or bluish, and the cones are small or large. Because the
environmental conditions are similar for all groves, and no correlation has
been found between phenotype and environment across groves, it is
hypothesized that these variations among populations are due to genetic drift.

In nature, two situations, called the founder effect and the bottleneck
effect, lead to small populations in which genetic drift affects gene pool
frequencies.

15.3.1 Founder Effect
When one or a few individuals from a large population establish, or found, a
colony (as when a few birds separate from the rest of the flock and fly to a
new area), they bring with them only a small fraction of the genetic variation
present in the original population. As a result, the only alleles represented
among their descendants will be those few that the colonizers happened to
possess. This often results in allele frequencies in the newly founded population
that are very different from those possessed by other populations of the same
species. The genetic drift that results when a small number of individuals
from a large population colonize a new area is called the founder effect.

The ABO blood groups in Australian Aborigines illustrate the founder
effect. Recall that there are three different alleles (IA, IB, and iO) that result in
four different phenotypic blood types (A, B, AB and O). Apparently the small
founder population of humans who colonized Australia, eventually becoming
Aborigines, lacked the IB allele. Consequently, Australian Aborigines do not
have either type B or type AB blood. The founder effect causes genetic drift.
In this hypothesis example, a single inseminated female fruit fly is blown to an
island. The alleles of her offspring, which occur in frequencies different from
those in the original population, will serve as the foundation for the gene pool
of all future fruit fly populations on this island. (The allele frequenccies do
not match the phenotypic ratios depicted because heterozygous individuals
exhibit the dominant phenotype but contribute recessive alleles to the allele
frequencies.)
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Fig. 15.1: The Founder Effect Causes Genetic Drift.

15.3.2 Bottleneck Effect
In a population bottleneck, a population undergoes a drastic reduction in size—
as a result of a natural catastrophe or overhunting, for example. Then only a few
individuals are available to contribute genes to the entire future population. As our
ladybug example showed, population bottlenecks can cause both changes in
allele frequencies and reduction in genetic variability. Even if the population
then rebounds, these genetic effects of the bottleneck may remain for hundreds or
thousands of generations. Thus the bottleneck effect is said to be the periodic
squeezing out of some of the gene in a gene pool in random fashion.

Another example of bottleneck effect is taken from housefly of northern
areas, only a few survive the winter, and they give rise to most of the summer
population. In principle this is similar to the founder effect. Only a few
individuals, which are perhaps not truly representative of the genetics of the
population from which they came, will give rise to the entire future population.
They will by change exert a disproportionate influence over its prospective
genetic frequencies.

Loss of genetic variability has been documented in the northern elephant
seal and the cheetah. The elephant seal was hunted almost to extinction in the
1800s; by the 1890s only about 20 had survived. Because elephant seals breed
harem-style, with a single male mating with a stable group of females, one
male may have fathered all the offspring at this extreme bottleneck point.
Since then, elephant seals have increased in number to about 30,000 individuals,
but biochemical analysis shows that all northern elephant seals are genetically
almost identical. Other species of seals, whose populations have historically
always remained large, exhibit much more genetic variability. The rescue of
the northern elephant seal from extinction is rightly regarded as a triumph of
conservation; however, with very little genetic variation, the elephant seal
has much less potential to evolve in response to environmental changes. No
matter how many elephant seals there are, the species must be considered to
be threatened with extinction.
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Fig. 15.2: Genetic Bottlenecks Reduce Variability. If a Population is Reduced to a Very
Small Number of Individuals, the Gene Pool is Reduced and a Population
Bottleneck Occurs. The Recovery Population Shows Reduced Genetic and
Phenotypic Variability, Because all are Offspring of the Few Organisms that
Survived the Bottleneck.

Cheetahs are also genetically uniform, although the reason for the
bottleneck is unknown. Consequently, cheetahs too could be gravely threatened
by small changes in their environment. In a study of forty-seven different
enzymes, each of which can come in several different forms, all the cheetahs
had exactly the same form. This demonstrates that genetic drift can cause
certain alleles to be lost from a population. Exactly what caused the cheetah
bottleneck is not known. It is speculated that perhaps cheetahs were
slaughtered by nineteenth-century cattle farmers protecting their herds, or
were captured by Egyptians as pets 4,000 years ago, or were decimated by a
mass extinction tens of thousands of years ago. Today, cheetahs suffer from
relative infertility because of the intense inbreeding that occurred after the
bottleneck.

Check Your Progress

4. Define the term genetic drift.
5. Explain the founder effect.
6. What is bottleneck effect?

15.4 NATURAL SELECTION

Natural selection is the only agent of evolution that specifically adapts
populations to their immediate environment. The basic process is simple even
though the details and the causes are highly varied. As a result of differences
in the rates of survival and reproduction of the individuals that bear them,
some alleles increase in frequency in a deme at the expense of others. Because
the sum of the frequencies of all alleles at a locus must equal 1, an increase in
the frequency of one allele must be accompanied by a decrease in the frequency
of at least one other. Depending upon which phenotypic traits are being
favoured in a population, natural selection can produce one or another of several
quite different results.
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Fig. 15.3: Natural Selection and Population Variability.

In our example, the variable trait is size, but many other traits would serve
just as well. If many different factors—genetic and environmental—contribute to
size, then, the actual distribution of sizes in the population should approximate the
bell-shaped curve. If individuals at the extremes of the size distribution survive less
well than those closer to the centre, stabilizing selection is operating. This is
how natural selection acts on most populations most of the time. In every generation,
mutation, sexual recombination, and gene flow increase variability. Because
populations are not, in general, becoming increasingly variable, something must be
countering this tendency. Also, because most populations are not evolving rapidly
most of the tune stabilizing selection must be occurring to maintain them with a
more or less constant composition.

Stabilizing selection may also act to maintain balanced polymorphisms in
a population. This occurs most commonly when the heterozygote is superior to
both of the homozygotes. Even though there is selection against the extreme
phenotypes (those produced by AA and aa), they are maintained in the
population in high frequency because both alleles are part of the heterozygote.
An example of balanced polymorphirns in Drosophila is given in Figure 15.4
Experiments have shown that the heterozygote, which has an abdomen of
intermediate colour, is superior in its survival and reproductive rate to either
of the two homozygotes. More complex polymorphisms can be maintained as a
result of temporal and spatial heterogeneity of the environment.



NOTES

Modern Synthetic
Theories

Self-Instructional
238 Material

Fig. 15.4: Balanced Polymorphism in Drosophila.

If individuals of one of the extremes of the size distribution survive better
than those closer to the centre, directional selection is operating. Directional
selection produced most of the evolutionary changes in the examples we will discuss
elsewhere in the text.

Disruptive selection, selection simultaneously favouring survival of
individuals at both extremes of the size distribution, is apparently a much
rarer phenomenon. In the laboratory this process has led to complete
reproductive isolation between the two segments of a population, but it is not
known if or how often this happens in nature.

Check Your Progress

7. What is the natural selection?
8. Explain balanced polymorphism.
9. Describe the disruptive selection.

15.5 OBJECTIONS TO THE SYNTHETIC
THEORY OF EVOLUTION

The synthetic theory of evolution is an original construction, supported by
sound reasoning and facts. Many of its aspects are valuable and positive, and
it opens out new approaches to the problem. Mutation, the genetics of
populations, and selection, are indisputably elements of importance in
evolution.

The genetics of populations, analysing genetic structure statistically, is
a science which grants wide scope to mathematical speculations. From one
generation to the next, factors of four kinds are capable of modifying genetic
structure: namely, the statistical laws which govern the encounter of gametes,
the forces of selection which favours certain genotypes, mutations, and the
immigration of individual carriers of new genotypes, and, finally, the factor of
chance. These four factors can be represented by mathematical formulae.
Situations assumed to be typical are chosen and then, by working out the
mathematical problems involved, an answer is reached, and the modifications which
genetic structures undergo can be expressed in figures.
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While admitting that the evolutionary value-of mutations is great we have no
unimpeachable proof that the variations of fossil forms were identical to those
variations of present-day forms which we can produce experimentally. The
variations observed in fossil; forms surely involved greater and more profound
rearrangements of genetic material, and the mechanism itself may well have been
different.

Within populations which exist today new species do, indeed, arise; but no,
profound change modifying basic structure has yet been observed. It is hard to
believe that an accumulation of the kind of mutations we are familiar with can
bridge the gulf between phyla or the major groups into which plants and animals
are classified.

Again, is mutation the only manner in which variations today occur? The
study of directed mutations has scarcely begun. Nucleic acids determine the
characters of the cell which contains them. When liberated can these nucleic acids
make the same characters appear in another cell? If the answer proves to be Yes,
then the influence of somatic cells on germ cells would no longer seem impossible.

The order in which mutations appear is purely random. The paths which
evolution follows, the apparent sense of direction, is difficult to explain by
the simple interplay of random mutations and selection.

If it is denied that evolution is an orientated process, then how must we
explain the phenomenon of convergence leading to similar organs in animals
which are unrelated? If, of course pure coincidence is invoked no problem
arises.

How are we to explain the genesis of those devices or organic tools
which are formed by the reciprocal adjustment of two independent parts of
the body? The two parts develop without contact, with nothing external to
mould them. Hence the characteristics described in the genotype and depends
on a precise morphogenetic territory. When the foreleg of a stick insect
(phasmid) is amputated a regenerative bud is formed; if the bud is transplanted
to the territory of the second leg it will produce a leg with a femur curved
exactly like that of a foreleg. Even if we agree that two-part devices are
susceptible to selection, a difficulty remains, how could complementary
mutations appear simultaneously and with the coordination required to create
a precision instrument as exact as the booking apparatus of the wings of the
bee, which functions correctly from the moment the insect first flies? We
come up against the same difficulty when we consider complex organs with
highly coordinated structures, like the eye, the ear, and the human brain.
Complex organs are not merely simple organs enlarged. More than quantitative
factors are involved; in complex organs new qualities appear, new
coordinations, new and different plans and organization. Numerous mutations,
occurring just at the right moment, would thus have been indispensable.

The synthetic theory of evolution, like classic Darwinism, is based on
the principle of utility. Now. all that exists in living creatures is not necessarily
useful; and that which is useful to the individual may not be of value to the
species. Sexual selection favours the most attractive and vigorous males; but
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are these always the most fertile? The principle of utility implies a judgment of
value which is incompatible with the purely mechanistic interpretation of evolution
which the Neo-Darwinists defend.

The synthetic theory of evolution offers a satisfactory explanation of many
facts; but, as P.P. Gramsse remarked, it harps too much on one string to give a
general explanation of evolution. The mechanisms of evolution are many and their
causes are no less numerous.

Check Your Progress

10. What are the main objections to this synthetic theory?
11. Define speciation.

15.6 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The synthetic theory is based on the reproductive rate, availability of
food and space, death rate, generic variations, differential reproduction
and isolation like factors.

2. Variation is the basic pre-requistic and progressive factor for evolution,
without variations, no change could occur and evolution would be
impossible.

3. Mutation is the basis for the origin of genetic variability and is supposed
to be the raw material for evolution by natural selection.

4. Genetic drift is the alteration of allele frequencies by chance. It is most
important in small population. Genetic drift is a random process, and
therefore it is not likely to produce same results in populations of
different size.

5. Founder effect is the loss of genetic variation that occurs when a new
population is established by a very small number of individuals from a
larger population.

6. The Bottleneck is an extreme example of genetic drift that happens
when the size of a population is severely reduced. Events like natural
disasters can decrimate a population, killing most individuals and leaving
behind a small, random assortment of survivors.

7. Natural selection is the process, through which populations of living
organisms adapt and change. It is the only agent of evolution that
specifically adapts populations to their immediate environment.

8. Balanced polymorphism is a situation in which two different versions
of a gene are maintained in a population of organisms because individuals
carrying both versions are better able to survive than those who have
two copies of either version alone.

9. Disruptive selection is an evolutionary force that drives a population
apart. It will cause organisms with intermediate traits to reproduce
less, and will allow those organisms with extreme traits to reproduce more.
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10. There are some omissions that have delayed the understanding of some
aspects of the synthetic theory:

The bridge between somatic and germinal cells.
Horizontal genetic transferances.
The role of noncoding DNA and nontranscriptional genes.
Homoeotic evolution and
Extrinsic barriers to animal speciation.

11. Speciation is the evolutionary process by which populations evolve to
become distinct species.

15.7 SUMMARY

The modern synthetic theory of evolution describes the evolution in terms of
genetic variations in a population that leads to the formation of a new species.
It explains the contribution of factors such as genetic variations, reproductive
and geographical isolation, and natural selection. In fact the experimental
and theoretical work that effectively combined Darwin’s theory of evolution
and Mendel’s work on heredity came to be known as the Modern synthesis.
The modern synthetic theory of evolution is the result of the work of a number
of scientists namely Dobzhansly, Fischer, Haldane, Swall Wright, Ernst Mayr
and Stebbins.

This theory includes the following factors: Gene mutations, Variation
(Recombination), Heredity, Natural selection and Isolation. In addition three
accessary factors also affect the working of the basic factors. Migration of
individuals from one population to another, hybridization between races or
closely related species.

15.8 KEY TERMS

Heredity: It is transmission of parental characters to the offsprings of the
next generation.
Isolation: It is a process or mechanism by which two species that could
otherwise produce hybrid offsprings are prevented from doing so.
Mutation:  A mutation is a change in a DNA sequence, either due to mistakes
when the DNA is copied or as the result of environmental factors such as
UV light and cigarette smoke.
Recombination: It is a process by which pieces of DNA are broken and
recombined to produce new combinations.
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15.9 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write notes on bottle neck effect.
2. What are the bases of synthetic theory of evolution?
3. Describe the role of mutation in evolution.
4. Discuss the term natural selection.

Long Answer Questions
1. Write an essay on the modern synthesis of evolution.
2. Describe the genetic drift.
3. Write notes on mutation and recombination.
4. Discuss the objections to the synthetic theory of evolution.

15.10 FURTHER READING

1. Burian RM (1988). Challenges to the Evolutionary Synthesis.
2. Ernst Mayr and William B (2013). The Evolutionary Synthesis.
3. Frederick B. Churchill. The Modern Evolutionary Synthesis and

Biogenetic  Low.
4. Julian Huxley. Evolution: The Modern Synthesis.
5. Ledyard Stebbins. Botany and the Synthetic Theory of Evolution.
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16.0 INTRODUCTION

The term adaptation describes the characteristic of living forms to survive
and reproduce within the limits of a particular environment and in this the
organisms become fitted to their environment. Newman defined adaptation
as the mutual fitness of organisms and environment. Conklin defined it as the
power of self regulation, self preservation, and race perpetuation, by means
of which living things are enabled not only to remain alive but also to adjust
themselves to varied environmental conditions. Adaptation, as far as it involves
the alteration of a species characteristics, is a facet of evolution.

In physiology, the word “adaptation” is often used to describe an
individual organism’s phenotypic adjustment to its environment, as in
physiological acclimatization. In evolutionary biology, however, an adaptation
is a feature that, because it increases fitness, has been shaped by specific
forces of natural selection acting on genetic variation.

Adaptation of all organisms to the environment may be of great
importance for the survival in the struggle of existence. In adverse conditions
the organism first of all must achieve a certain level of physical and
physiological tolerance to enable it to gain a foothold in the new environment
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or locality. This phase is called the pre-adaptation. Then after it must have sufficient
genetic variability to enable it to establish itself in the face of such selective agencies
as the climate and competition from other animals. This phase is called the post-
adaptation. The tolerance of organisms varies from species to species. Some
organisms undergo profound changes in order to become adapted to the diverse
environments. Excessive specialization i.e. the over-adaptation is a sure prelude
to extinction as in the process an organism sacrifies its plasticity and thus ability to
evolve further.

16.1 OBJECTIVES

After going through this chapter, you will be able to:
Understand the meaning of terms like adaptation and mimicry
Describe the various types of adaptations.
Discuss the types of mimicry.

16.2 TYPES OF ADAPTATIONS

According to Lull the animals show different types of adaptations. Some important
types are mentioned below:

Cursorial adaptation
Fossorial adaptation
Aquatic adaptation
Scansorial adaptation
Volant adaptation
Cave adaptation
Desert adaptation

16.2.1 Cursorial Adaptation
There are many vertebrates which are adapted for running. It is also called speed
adaptation and in this the animals the adapted for fast locomotion for searching
the food and for escaping their enemies. Various snake, lizards, dinosaurs,
ornithischia, flightless birds like emus, cassowaries, ostriches, rheas etc and
mammals for example kangaroos, bandicoots. wolf, hares, dogs, cats and leopards
etc. exhibit cursorial adaptations. They are characterized by the following changes.
For running or speed they develop following features:

Body contour. Animals coming under this category whether terrestrial,
aquatic or aerial have the body moulded externally in such a way as to offer
the least resistance to the medium through which they pass. Thus the body is
streamlined with head and neck extended forward and ears thrown back to
offer least resistance to air, as in a race horse. In animals like deers, horses,
and antelops the thorax is compressed with flattened ribs.
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Fig. 16.1: Showing Various Types of Adaptation in Mammals.

Limbs. Lengthening of the limbs is the basic feature in cursorial adaptation
that has been done without the elongation of bone by being changed from plantigrade
to digitigrade condition and in some to the unguligrade where there is reduction of
digits. Fibula and ulna of the limbs tend to reduce and in exclusively locomotory
limbs these bones are mere vestiges. These modification, however, affect the
rotatory movement of the limbs which in these cases is restricted in one plane.

16.2.2 Fossorial or Sub-terranean Adaptation
There are many animals which are adapted to dig the burrows either for food or
retreat. Those animals. whose food is present above ground, are not so perfectly
modified as those whose food is found underground. Initially the fossorial
adaptations are seen in the primitive and unambitious animals which are
defenceless. This category includes Caecilians, Ophiosaurs, Sphenodon,
Uromastix, desert snakes etc. The fossorial modifications are given in the
following lines:

Body contour. Body is somewhat fusiform or spindle shaped to offer a
little resistance to subterranean passage. However, snakes and caecillians which
are limbless have cylindrical body for burrowing. The head tapers anteriorly
to form a sort of snout that helps in burrowing.

Neck. In burrowing animals neck is often absent or it is very short, so
that their conical head directly passes into the trunk.
Limbs. Forelimbs as well as hindlimbs are very short and stout in wholly
fossorial forms and the former are specially modified for digging. The
hand is broad and stout with long claws. In the common mole
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(Condylura) the hand is as broad as the height of the body and hence
digging is very rapidly accomplished. The broadening of hand in mole and
echidna occurs by the addition of another bone (os falciforme) to the
originally fully developed five fingers, which increases the breadth of the
palm. In the golden mole (Chrysochloris) there are four fingers, of which
the two middle ones are elongated with powerful claws of digging. The
bones of forelimbs are very strong and bear prominent tuberosities for
muscular attachment. The proximal end of the humerus bears ridge for the
insertion of powerful shoulder muscles and those help in rotating the hand.

Fig. 16.2: Fossorial Adaptations in the Hands of Moles. A, Common Mole; B, Golden
Mole; C-D, Marsupial Moles.

The olecranon process is specially large in fossorial forms as it is for
the insertion of the powerful triceps muscles that serve to straighten
the arm. The shoulders are narrow and their sockets are near to each
other. They are strengthened by short clavicles and large T-shaped
episternum as well as paired coracoids which extend from shoulder
socket to presternum. In other mammals these bones do not reach the
breast bone.
In the hind limb, the femur is not so much robust as the humerus. Tibia
and fibula are partially fused and the calcaneum (heel bone) is very
prominent. In Talpa there is a large sesamoid bone at the side of the
tibia like os falciforme of the hand. In monotremes the proximal end of
fibula is anteriorly prolonged.
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Skeleton. The shoulder girdle is a strong and forwardly placed. Scapula
and sternum are lengthened and shift the forelimbs still forward. The clavicles
are thick and articulate both with acromian process of scapula and the
humerus. The union strengthens the shoulders and enables them to withstand
immense muscular strain involved during the process of digging. The
shoulders are also strengthend by the large T shaped episternum and the
coracoid.
Skull. The skull of subterrane animals is compact and roughly conical. The
suture between the bones of the skull are obliterated. The jaw bones are
reduced. In burrowing mammals the zygomatic arch is absent and auditory
region is reduced. The dentition is also reduced and jaw muscles are poorly
developed.
Vertebral column. The vertebrae of the cervical, sacral and lumbar regions
are fused to give firmness and strength in pushing the animal through the
earth. In moles, talpa and hedge hogs, intercentral ossicles are present
between lumbar vertebrae which strengthen the vertebral column. In
Armadillos an extra pan of zygopophyses are present in the lumbar vertebrae.
Skin. Skin of burrowing animals is protected with mucus (annelids), chitin
(arthropods), scales (reptile and caecilians) and fur or spines (mammals).
Hibernation. Hibernation or winter sleep is another feature of burrowing
forms, living beyond the limits of the tropics. It is due to the absence of
green vegetation which supports insects and worms. It is a device to
tide over unfavourable climate. An exception to this is the lemming
(Myodes lemmus), which feeds on vegetable (grass roots and stalks,
shoots of dwarf birch, reindeer, lichens and mosses); they form long
galleries through the turf or under the snow.
Tail. Long tail is inconvenient for subterranean life, it is short in hedge

hog, ratel and wood chuck, Talpa and other burrowing forms. It serves as a
valuable tactile organ.

Eyes and ears. The eyes tend to become reduced as they are of no use
in dark habitat as in caecellian and desert snakes. The external pinnae also
tend to disappear as in moles. These are probably obstructions to burrowing
life. However in Bathyergidae and Geomyidae external pinnae are small. In
monotremes these pinnae are absent.

16.2.3 Scansorial Adaptation
Animals developing the ability to live on tree that is why this type of adaptation
is also called the arboreal or climbing adaptation. The animals of this kind
are categorized into following types:

Wall or rock climbers
Terrestrio-arboreal forms
Arboreal forms
Wall or rock climbers. There are some animals which are adapted to

cling on wall and rock and for this purpose they develop adhesive and vaccum



NOTES

Adaptation and Mimicry

Self-Instructional
248 Material

pads in the limbs. The excellent example of this category comes from the wall
lizard—Hemidactylus.

Fig. 16.3: Hind Feet of Marsupials.

Terrestro-arboreal forms. Some animals can climb on the tree but they
prefer to live on ground under the trees. Such animals have prehensile limbs for the
purpose. The excellent example is Funambulus.

Arboreal forms. Animals living on trees and rarely coming down to ground
are the—arboreal forms. Animals like Calotes. Chamaeleon, Lemur etc. usually
move on the upper surface of the branches that is why these animals are also
called branch runners. There are some forms like sloths, flying lemur and bats
that rest hanging by powerful claws of their limbs. These animals are constituted in
such a manner that they cannot walk up on the branches but rest and move
suspended from them by powerful recurved claws of their limbs. Bats hang
themselves by the claws of hind limbs and sloths by forelimbs claws. Sometimes,
sloth takes rest by keeping its back on the nearby branch and relaxes the hold of
one more of its feet, but the inverted position is very rarely reversed. On the
ground the animal moves with difficulty. Primoles can swing from branch to branch
and sometimes from tree to tree by their long, and strongly built limbs.

16.2.4 Volant or Aerial Adaptation
Certain animals have specialized organs to live or to move in air for a short or long
periods for a duration which in the usual cases is not more than 16 to 18 hrs. The
flight may be either passive or true active flight.

Passive or gliding flight. Adaptations for gliding are seen in the possession
of patagia, enlargement and high insertion of pectoral fins and webbing of feet.
Flying Draco, Pterodactyl (extinct), Exocoetus, Rhacophorus are the examples.
The organisms simply take an initial leap from a high point and, impelled by gravity,
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glides to lower level, sometimes covering a horizontal distance of many meters.
Pantodon and Dactylopterus are the other examples of flying fishes.

Fig. 16.4: Flying Squirrel.

True flight. This is a characteristic of insects, birds and mammals like bat
and flying squirrels. The flight adaptations are as follows:

Body. The body is either boat or spindle shaped. It is an important
modification as the degree of perfection because the body offers almost
no resistance and hence, it is easily propelled through the air.
Wings. Wings are the main organs meant for the purpose of actual
flight. In insects the wings are chitinous in nature, in birds they are the
modified fore limbs, whereas in bats and flying squirrel the wings are
formed from the lateral expansions of the body wall. The wings are
provided with the powerful flight muscles.
Feathers. The characteristic feature of birds is the presence of feathers
as the exoskeletal structures. There are several types of avian feathers;
typical or quill feathers, contour feathers, filoplumes, and down
feathers. The feathers provide an insulation, thereby preventing the
loss of heat and maintaining a constant temperature of the body.
Flight muscles and keeled sternum. In birds there is well developed
keeled sternum to provide space to flight muscles for their attachment
and smooth functioning. There are many types of flight muscles in birds,
but two of them are very common—pectoralis major and pectoralis
minor. Pectoralis minor is for the upstroke and major for the down
stroke and propulsion of the body.
Beak and teeth. In birds, the teeth are absent, basically to make the body
light. And to compensate it they develop a sharp, light but strong beak. It
also assists in prehension.
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Perching ability. In birds, forelimbs are modified into wings. Hind limbs
develop perching ability to rest on the trees which are supposed to be
safer than the ground. This ability is seen in all flying birds.
Tail. The tail is short in birds and bears a series of tail feathers or rectrices
arranged in a fan like manner and serves as a ruddar in steering and as
a counter balance in perching,
Pneumatic bones. In birds, the bones are hollow, pneumatic and less
ossified. The basic purpose of these changes is to make the body light.
Most of the bones are fused and articulated bones are restricted to the
parts where mobility or movement is required. Some bones develop air
spaces in them.
Air-sacs. In birds, thin membranous air sacs are associated with lungs
to store the additional amount of air and to make the body light. Air
sacs also cool down the temperature around gonads.
Single ovary. In birds, only one ovary is functional and other one is
rudimentary. The avian eggs are large, calcareous and megalecithal.
This stage also helps in reducing the body weight. It is the left ovary
that remains functional.
Urinary bladder. Urinary bladder is not found in birds, as the urine
cannot be stored, and the excretion is almost solid or semisolid. This is
also the water conserving ability that helps in flying in one way or the
other.
Brain and sense organs. Brain is well developed and specially the
cerebellum which is concerned with equilibrium and co-ordination is
greatly developed. Eyes bear characteristic sclerotic plates to resist
variable air pressure during flight. Eye are large and quick focussing.

16.2.5 Aquatic Adaptation
All changes occurred due to their aquatic habitats are called aquatic
adaptations. Those living permanently in water and never had a terrestrial
ancestors show the changes referred to as primary aquatic adaptations
whereas secondary aquatic adaptations occur in amphibious animals
spending part of their time on land and part in water.

Primary aquatic adaptations. These adaptations are seen in fishes as
they were evolved in water and never had terrestrial ancestory. They show
the following features:

Body contour. Body contour is spindle shaped with wedge shaped head,
and offers little or no resistance in swimming.
Fins. Fins are the main swimming organs in fishes. The fins may or
may not be paired. Paired fins are the pectoral and the pelvic where-as
unpaired fins are middorsal, ventral and caudal fins.
Gills. Most fishes respire by means of the gills they develop. The gills may
be external i.e. without operculum or internal, i.e. with operculum.
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Fig. 16.5: Aquatic Adaptation in Different Vertebrates.

Lateral line organs. The presence of lateral line organs is the important
feature of fishes. These organs detect the changes caused by mechanical
disturbances in the surrounding water. Recently, Lowenstein has
suggested the role of these organs other than balancing. According to
him, these organs may help in echolocation to make the fish able to
swim even in darkness or in turbid water. These lateral line organs are
not developed in terrestrial forms.
Swim bladders or air bladders. Most of the bony fishes possess swim
bladder that serves as a hydrostatic organ. With the help of a swimbladder
a fish can float at any level in the water. In some fishes, it is also
associated with the production of sound.
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Nictitating membrane. Nictitating membrane is found in all aquatic
vertebrates including fishes to protect the eyes from water and to make
the vision perfect in the liquid environment.
Secondary aquatic adaptations. The secondary aquatic adaptations occur

in those aquatic organisms evolved from terrestrial forms like amphibians, aquatic
reptiles, and aquatic mammals. The secondary aquatic adaptations are as follows:

Body contour. Body is streamlined and is usually fish like. Neck is highly
reduced. External pinnae absent. This offers little or no resistance in
swimming. Nostrils are shifted near the tip of the snout.

Fig. 16.6: Hyla.

Locomotory organs. For locomotion and swimming the amphibians have
short and webbed digits in limbs, and fully in aquatic animals like whale,
dolphins, manatee etc., paddles are developed. Tail may or may not be
provided with caudal fin. In whales and sirenians, the tail propulsion is the
main means for locomotion.
Integument. In aquatic animals, the skin is devoid of hairs, scales and
other skeletal armouring to make the body frictionless. As the
compensation for the loss of hairs, subcutaneous layer of fat in the
form of blubber is developed to keep the body warm or to minimize the
loss of heat from the body.
Skeleton. Skeleton is less bulky, and in some forms like whale, the long
bones are filled with oil to make the body light. Most of bones are light
due to less calcification. The cranium is shortened and produced into a
pointed snout or rostrum. Vertebrae tend to become simple. Sacrum is
either reduced or absent. Limb bones are also highly reduced in the
forms like whale, dolphin, manatee etc.
In sirenian, the bones are, however, heavy and solid enabling the animals
to stay under water for browsing oil sea weeds.
Respiration. All aquatic animals showing secondary adaptations, respire
by means of their well developed lungs. However, in some forms
accessory respiratory organs are also developed. Lungs are highly elastic
and in some aquatic mammalian forms the diaphragm is horizontally



NOTES

Adaptation and Mimicry

Self-Instructional
             Material 253

placed instead of vertical. It provides more space to lungs to stretch antero-
posteriorly. Nostrils are shifted near the tip of the snout.

Check Your Progress

1. Define the term adaptation.
2. Differentiate pre-adaptation from post-adaptation.
3. Explain scansorial adaptation.
4. Describe the desert adaptation.

16.3 MIMICRY

Mimicry is a special kind of protective adaptation serving to ensure better survival
of the species. When a perfectly harmless animal resembles in its colour and shape,
with a well protected species, the phenomenon is called mimicry. It occurs when
one species resembles another for its own benefit. The animal which imitates is
called the mimic and the animal which is imitated is called the model. Thus mimicry’
is the resemblance which organisms bear to other and to inanimate objects in
form, colour, attitude and action, thereby, either escaping observation or advertising
an apparent harmfulness which is not at all real. The concept of mimicry was first
given by H.W. Bates in 1862. According to him mimicry means the superficial
resemblance of certain animals to other more powerful and more protected ones,
or to leaves and other plant parts, resulting in a measure of protection for the
mimic. Usually those species are mimicked which are poisonous or distasteful
and have a few natural enemies. The advantage is that an animal resembling even
superficially another more protected one will be protected too, by scaring off
potential predators. The phenomenon of mimicry is widespread particularly among
butterflies and moths. Various birds and some mammals mimic the song and voice
of other species, either defensively or as an aggressive lure.

Different animals have capabilities to mimic different animals as given under
the following headings:

16.3.1 Protective Mimicry
When the mimicry affords protection to the mimic, it is called protective
mimicry. It includes all those cases of imitation where the organisms mimic
either some organism or the natural object in form, colour or behaviour and
thus protect themselves from their predators. It involves concealing and
warning mimicry.

16.3.2 Concealing Mimicry
It is also found among the vertebrates. The leaf fishes Monocirrus of South
America resembles in shape and colour with the dead leaves drifting in water.
The sargassum fish occurring in tropical waters has a fantastic form and its
colour blends with the sargassum weed amongst which it lives. The fish Labotes
surinamensis lives amongst mangroves when it is young and it rests on its side
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near the surface of water. In size, colour and posture it bears a close resemblance
to a dead leaf. When mildly disturbed it swims using its transparent fins, in such a
way that it drifts with a zig-zag motion like a sinking leaf.

16.3.3 Warning Mimicry
When protective mimicry achieves its purpose through a warning, it is called
warning mimicry. It includes resemblances of the organisms which are
harmless palatable and nonpoisonous to forms which are distasteful or
poisonous either when devoured or by possession of poisonous fangs. This
type of mimicry is helpful in self defence, because by imitating there are able
to delude and frighten the enemy and escape themselves.

16.3.4 Aggressive Mimicry
Resemblance with the object of the environment may not be for protection of
the animal, but for the aggression and helps the mimic in catching the prey. A
predator or parasitic species resembles another non-threatening species or
object in order to gain the access to prey or hosts.

16.3.5 Conscious Mimicry
Certain animals exhibit conscious imitation and on the approach of danger
behave as if they are dead. The common example is the American Opossum—
Didelphis, which poses to have been dead—when it is attacked by an enemy.
Whether it is an intentional performance or whether the animal faints from
fright is not known. Many insects such as hard bodied beetles drop down like
a pebble when attacked and to be seized and lie inert amongst leaves and
grass beneath the bush upon which they were resting.

Fig. 16.7: A Ringed Plover Lures a Fox Away from Her Chick with the Broken Wing
Distraction Display. This Signal Benefits the Bird But is to the Disadvantage of
the Fox as It is Deceived into Moving Away from an Area Where It Would Find
an Easy Meal.

16.3.6 Sexual Mimicry
Wallace has pointed out that the females have a greater need of protection due to
their slow flight when laden with eggs. They are also exposed to attack while
laying eggs on leaves etc., hence the necessity for special protective adaptations.
So when only one sex is mimetic, it is the female sex. However, in the European
yellow tailed moth Euproctis chrysorrhoea, the males mimic the females of the
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same species. Here, the female has irritating, barbed spicules at the tip of the
abdomen and this enables it to escape from predators. The males on the other
hand do not have such adaptation and hence they mimic female in colour pattern
to gain protection.

16.3.7 Batesian Mimicry
Batesian mimicry is named for Henry Bates, the nineteenth-century British
naturalist who first brought this type of mimicry to general attention in 1857.
Batesian mimicry is widely considered to have evolved in palatable prey as a
consequence of selection to deceive predators into believing they are
unpalatable. The salient features of Batesian mimicry are summarised below:

The model must be relatively unedible or otherwise protected
It must have a conspicous colours pattern, usually one of its taxonomic
group.
It should be more abundant than mimic, because, if, they are rare, the
predator will have chance of learning to avoid them.
Both model and mimic should usually be found together at the same
place and same time. Predator should not come across them separately.
The mimic should resemble to model in minute detail so that an easy
distinction in two may not be found by the predator.
The resemblance only extends to external structures, colour and
behaviour.

Fig. 16.8: Two Forms of Mimicry in Tropical America Butterflies. Species 1-4 are all
Distasteful and are Similar to Each Other (Mullerian mimicry). Species 5 and
6 are Palatable, But Resemble the Unpalatable Species (Batesian mimicry).

16.3.8 Mullerian Mimicry
There are also examples of species that have the same defense and resemble each
other. For example, many coral snake species have brilliant red, black, and yellow
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body rings. And the stinging insects—bees, wasps, and hornets—all have the
familiar black and yellow colour bands. Mimics that share the same protective
defense are called Mullerian mimics after Fritz Muller (1821-1897) who
discovered this form of mimicry.

Characteristics of Mullerian mimicry are as follows :
All species are wanigly coloured and protected.
All species can be equally common.
The resemblance between the forms is not necessarily very exact as in
Batesian
The species are rarely polymorphic.
Thus we see that in Batesian mimicry, a scarce edible and unprotected

species resembles with an abundant and well protected species, while in
Mullerian mimicry, several abundant and well protected species join together
so as to have warning colouration. Secondly in Batesian mimicry, the
proportion of models to mimics is very small while, for Mullerian mimicry,
this is not required.

Check Your Progress

5. Define the term mimicry.
6. Name at least four types of mimicry.
7. Describe conscious mimicry.
8. Differentiate Batesian mimicry from Mullerian mimicry.

16.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Adaptation is the biological mechanism by which organisms adjust to
new environments or to improve their chances of survival there.

2. Preadaptation is an adaptation that evolved in an ancestral population,
in which it served a different function whereas in post adaptation it is
the quality of being adapted to new environments.

3. Scansorial adaptation means the modification of organisms for leading
life on the walls, rocks, branches of the trees or arboreal habitat.

4. Desert adaptation affords the organism a better chance to survive in its
extremely dry and hot surroundings. The primary need of desert forms
is to get adequate quantity of moisture. A desert lizard has hygroscopic
skin. Camal stores the water in stomach in its special water storing
cells. Hump helps in the production of metabolic water.

5. Mimicry is an adaptation in which one animal evolves to look like another
animal. Many animals use mimicry to avoid predators, but some
predators use mimicry to help them escape detection.

6. Batesian mimicry, Mullerian mimicry, concealing mimicry, and sexual
mimicry.
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7. In conscious mimicry animal like American opossum (Didelphis), on the
approach of danger behave as if they are dead to deceive the enemy. Some
insects such as hard bodied beetles drop like a pebble when attacked and
to be seized and lie inert amongst leaves and grass beneath the bush upon
which they were resting.

8. In Batesian mimicry both mimics and model need not having warning
colouration because their resemblance is more exact whereas in Mullerian
mimicry both have warning colouration and their resemblance is not very
close.

16.5 SUMMARY

When organisms change themselves according to the present environment to live
more comfortably the stage is called adaptation. Sometimes the similar organisms
when exposed to different environments they develop some different characters
(divergence type of adaptation). In those cases where unrelated organisms live in
same environment they develop some common or similar characters (convergence
type of adaptation). On the basis of different adaptive characters the following
types of adaptation have been observed. Cursorial, fossorial, aerial, arboreal,
aquatic, desert and cave adaptations etc.

Mimicry is a special kind of protective adaptation serving to ensure better
survival of the species. When a perfectly harmless animal resembles in its colour
and shape, with a well protected species, the phenomenon is called mimicry. The
animal which imitates is called the mimic and the animal which is imitated is called
the model. For successful mimicry both mimics and models should occur in the
same area and mimics should be lesser in number than the models. Various types
of mimicry: protective, concealing, aggressive, conscious, sexual, Batesian and
Mullerian mimicry have been studied.

16.6 KEY TERMS

Aggressive: Aggressive mimicry is a form of mimicry in which predators
or parasites share similar signals allowing them to avoid struggle.
Antonym: It is the opposite of imitation.
Auto mimicry: Mimicry occurring between members of the same species.
Defense: It is a form of adaptation that promotes survivability of an organism
from its natural enemies.
Imitation: The action of using some one or something as a model.
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16.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write notes on convergence type of adaptation
2. Describe main features of scansorial adaptation.
3. Discuss Batesian mimicry.
4. Explain conscious mimicry.

Long Answer Questions
1. Describe the adaptive radiation with suitable examples.
2. Write an essay on aquatic adaptation.
3. Describe the various types of mimicry studied by you.
4. Write down notes on cursorial adaptation or arboreal adaptation and

Batesian mimicry and Mullerian mimicry.

16.8 FURTHER READING

1. Endlers, John A. (1981). An Over View of the Relationship Between
Mimicry and Crypsis.

2. Kikuchi, D.W. Pfenning. D.W. (2013). Imperfect Mimicry and the Limits
of Natural Selection.

3. Timo Maran (2017). Mimicry and Semiatic Evolution.
4. Wiklund, Christer; Tullberg, Birgitta S. (2004). Seasonal Polyphenism

and Leaf Mimicry in the Comma Butterfly.
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17.0 INTRODUCTION

Only a small fraction of species that have lived are known from fossils, but
the fossil record reveals a great deal about the phylogeny of life, especially
for those species with hard skeletons. During history, periods of rapid evolution
alternated with periods of stasis when changes were relatively slow. Mass
extinctions occurred six times and were followed by extensive new adaptive
radiations. Extinctions were probably caused by movements of the continents,
which resulted in mountain-building, changes in climates and sea levels, and
mixing of biotas. Volcanic activity and bombardment of Earth by asteroids
may also have been involved. Natural selection has been a powerful agent
throughout the evolution of life.

Life has been evolving for several billion years, but all observational
and experimental studies of evolutionary’ processes are short term. It is
unusual to be able to measure changes in allele frequencies for as long as a
century, as we can for industrial melanism. Even in this case, differential survival
caused by selective predation by birds has been measured for only a few
years. We assume that natural selection has operated in polluted and unpolluted
British woodlands in much the same way over the entire one hundred-year
period. This assumption is a safe one because a great deal is known about the
history of pollution and about associated vegetation changes in the English
Midlands during the last century. Extrapolation overlonger time spans and to
less wellknown situations is much less certain.

Three processes are central in the long-term evolution of life. One is
phyletic evolution: change through time in a lineage of organisms continuously
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connected genetically from generation to generation. We recognize “new” species
along these lineages, but there has actually been no speciation, just continued,
gradual change. The second is speciation: the splitting of one interbreeding unit
into two. The third is extinction: the termination of a lineage. The rates of all three
of these processes have changed markedly during geologic time.

In a normal course of evolution a new species is believed to be formed from
the pre-existing one by the accumulation of useful and heritable variations or
mutations in the course of several successive generations through natural selections.
Such heritable variations can be broadly divided into two major categories:

Microevolution involving minute changes, and
Macroevolution involving large and visible changes.

17.1 OBJECTIVES

After going through this chapter, you will be able to:
Differentiate microevolution from macroevolution.
Describe the gene frequency in nature.
Discuss the adaptive radiation.

17.2 MICROEVOLUTION

Microevolution refers to the evolutionary process itself that occurs within the
species. Natural selection is the process whereby some individual in a population,
which possess certain characteristics, produce more surviving offspring than
individuals lacking these characteristics. As a result, the population will gradually
come to include more and more individuals with the advantageous characteristics,
assuming that the characteristics have a genetic basis. In this way the population
evolves. Change of this sort within populations—change in gene frequencies—is
called microevolution. Natural selection is the process by which microevolutionary
change occurs. The result of natural selection, features that increase the likelihood
of survival and reproduction by an organism in a particular environment, is called
adaptation. In essence, Darwin’s explanation of evolution is that adaptation by
natural selection is responsible for evolutionary changes within a species. When
these changes accumulate, they lead to the creation of new species.

17.2.1 Gene Frequencies in Nature
When considering Darwin’s theory that evolution is a series of adaptive changes
brought about by natural selection, which results in allele frequency changes,
it is best to start by looking at the raw material available for the selective
process—the genetic variation present among individuals within a species.

A natural population can contain a great genetic variation among its
members. This is true not only of humans but of all organisms. How much
variation? Biologists have looked at many different genes in an effort to answer
this question:
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Blood groups. Chemical analysis has revealed the existence of more than
30 blood group genes in humans, in addition to the ABO locus. At least a third of
these genes are routinely found to be present in several alternative allelic forms in
human populations. In addition to these, there are more than 45 variable genes
that encode proteins in human blood cells and plasma, but which are not considered
to define blood groups. Thus, there are more than 75 genetically variable genes in
this one system alone.

Enzymes. Alternative alleles of genes specifying particular enzymes are
easy to distinguish. Differences in their nucleotide sequences alter the ways in
which the proteins specified by these alleles behave in simple physical tests. One
of the most popular of these is to measure how fast the alternative proteins migrate
in an electric field (a process called electrophoresis). A great deal of variation is
found at enzyme-specifying loci. About 5% of the enzyme loci of a typical human
are heterozygous. That is, if you picked an individual at random, and in turn selected
one of the enzyme-encoding genes of that individual at random, the chances are 1
in 20 (5%) that the gene you selected would be heterozygous in that individual.

Considering the entire human genome, it is fair to say that almost all people
are different from one another; this is also true of other organisms, except for
those that reproduce without genetic recombination. In nature, genetic variation is
the rule.

Fig. 17.1: An Example of Gradual Change in Species Micraster. (a) Upper View,
(b) Lower View, (c) Side View and (d) Posterior View.

A number of instances illustrative of microevolution are furnished by a
study of invertebrate fossils. Rowe has distinguished several lines of descent
in the sea urchin, Micraster, involving gradual change from one species to
another. All these changes seem to have occurred in a static environment.
Changes observed in several characters in shape of tests, structure of oral opening,
the forms of the ambulacral grooves etc. Rowe observed these changes from the
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form of Micraster corbovis to Micraster coranguinum. Similarly, gradual
replacement of one species by another of the brachiopod, Spirifer has been
described from a long series of Devonian starta by Fenton. In this case the
environment was not totally constant but underwent rhythmic variation, but the
evolutionary changes undergone by the organisms had no correlation with the
environmental changes These observations indicate that the evolutionary changes
may take place without significant changes in the environment. Great majority of
evolutionists now favour small mutations as the major causative factors in evolution.
This also enables the evolutionists to explain the presence of many intermediate
forms between the parent and the new species. Thus microevolution is a continuous
and gradual change in an inter-breeding population. These small variations gradually
accumulate to form large differences of structure. The changes occur simultaneously
in many characters and are often directional for long periods of time. Microevolution
is due to recombination of genes or micro-mutations. Goldschmidt however
has dissented completely from the idea that micro-mutations can ever be
accumulated sufficiently to account for major evolutionary changes. He
adopted the term microevolution to describe only the evolution of sub-species
or geographic races, the term macroevolution being used to describe the
evolution of species, genera etc.

17.2.2 Microevolutionary Forces
Goldschmidt described the micro-mutations or little mutations are the main
source of producing changes in the gene pool of a population. Genetic
recombination or Mendelian recombination changes the gene frequency
in the gene pool of the population. In addition, genetic drift and natural
selection also operate on the populations to change their gene frequency and
thereby disturb the genetic equilibrium.

17.2.3 Species Selection
The trend toward increasing numbers of snail species with direct development
is an example of what is sometimes called species selection. We can expect
trends—all other things being equal—towards increasing numbers of the kinds
of species that have lower extinction and higher speciation rates. When a
trend arises for this reason, species selection is the process at work.

Species selection should not be confused with group selection. Group
selection aims to explain why individuals sacrifice themselves for the good of
the group (or species) to which they belong; we saw that it is difficult for
adaptations of this sort to arise. In species selection, individuals do not use a
disadvantageous developmental mode in order to boost the speciation rate of
its taxonomic group. Instead, direct and planktonic development are favoured
by natural selection in different taxonomic groups for good ecological reasons
within each species, but they can then have different long-term consequences
for radiation and extinction. We have no reason to suppose that the characters
favoured by the short-term process of natural selection will always be those that
allow a species to last a long time or split at a high rate. Natural selection may
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favour adaptations within some species that result in reduced long-term survival
and adaptations that increase it in others.

Species selection provides another reason why macroevolution and
microevolution may be uncoupled. Within a species, natural selection favours one
character in one species and another character in a second species. Species
selection over long periods may cause the species with one of the characters
to proliferate because of the character’s consequences for speciation or
extinction rates. This does not mean that the long-term process contradicts,
or is incompatible with, the short-term process; it simply means that we cannot
understand the long-term evolutionary pattern by studying natural selection
in the short-term alone, and extrapolating it.

A similar moral can be drawn from the argument about niches:
microevolution and macroevolution are again uncoupled. A microevolutionary
study would reveal how natural selection favoured various characters in the
stickleback populations, according to the aquatic environments they were
occupying. The key to macroevolution, however, is the persistency of the
niches over time, which is irrelevent to the short-term process of natural
selection. (Natural selection does not favour one adaptation over another
because it allows the organisms to occupy a longer-lasting niche.) Thus,
additional factors beside those studied in the short-term matter when we try
to understand evolutionary phenomena on the ground scale.

17.2.4 Mechanism of Microevolution
The hereditary or genetic material of the living beings is apt to change. How
accurate may be the process of gene duplication or chromosome duplication,
there are chances of some abnormalities. The changes in the structure or
composition of genes are described as gene mutations or little mutations.
These may be spontaneous or may be induced by certain chemicals and
environmental factors like radiation etc.

The recombination of genes by interbreeding also help in the introduction
of new combinations of already existing genes and introduces variations in
the genotype of the individuals. Interbreeding helps in the spread of micro-
mutations. The variations introduced in a gene pool of population by mutations
and recombinations are operated upon by natural selection. As a result the
offsprings of population are found to be different genetically as well as
phenotypically. This changed population or descendent population is the
product of microevolution.

Microevolutionary forces operating for a shorter period produce
sequential evolution, whereas when continued for generations together result
in the evolution of new populations from the existing one. The origin of new
populations can occur in two different ways: In a successional manner or in a
divergent manner. Successional evolution is the first evolution within a single
population of animals as seen in the successive strata of palaeontological
series. Divergent evolution takes place as a single population gets divided into
two or more groups which thence evolve independently.
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Check Your Progress

1. Define the term microevolution.
2. Explain the divergence evolution.
3. What is little mutation?
4. Describe the species selection.

17.3 MACROEVOLUTION

In macroevolution, the fragmentation involves the origin and evolution of great
many adaptive types within a short time.This pattern of fragmentation involves a
number of species populations but fragmentation usually takes place above species
level. Macroevolution is also called adaptive radiation. Characteristics of
macroevolution are as follows :

Subdivision of the group into many new groups.
An invasion of several new environmental situations.
Diversification of structure arid biology.
During macroevolution or adaptive radiation changes in the body form

are large and there is increase in the size of the individual. When an animal is suited
to its life, many changes in structure of body occur due to increase in the size of the
body, such as weight increases, limbs become stouter, bones become heavier and
at other parts of the body also become changed. Due to the change in the habits of
the animal body become differently adapted and changes in size take place.
Majority of these changes are allometric and side by side new structures also
appear. Macroevolution has occurred in mammals especially in the horses and the
elephants. However, Savage (1969) has cited the evolution of reptiles as the best
example of the macroevolution.

17.3.1 Evidence for Macroevolution
Adaptation within natural populations constitutes strong evidence that Darwin
was right in arguing that selection could bring about genetic change within
populations. The example we reviewed offer direct and compelling evidence
of microevolutionary change. Because we can see the evolution as it occurs,
we know that Darwin was correct. What of macroevolution, however? What
is the evidence that macroevolution has led to the diversity of life on earth?

Darwin favoured the view that macroevolution occurred, that soon
accepted by the time he carried out his studies. A great deal of additional
evidence has accumulated since then, much of it far stronger than that available
to Darwin and his contemporaries. Among the many lines of available evidence,
some of them are being given below:

Functional changes. Biologists have observed that evolutionary
innovations usually follow from a change in size or function in a preexisting
body part, rather than from the sudden appearance of something totally new.
For example, horses’ high crowned molars, which they require for chewing
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silica-laden grasses, arose by gradual increases in a small tooth bump already
present in their ancestors. And during the evolution of snakes, limbs decreased in
size, presumably because snakes with smaller legs could slither faster than snakes
with protruding legs, and hence legs were selected against.

Other evolutionary innovations arose when a body part performing one
function changed in shape and was able to perform a new function. Biologists
call the original structure or function a pre-adaptation. The original structure
did not, or course, evolve in anticipation of a future need; but once it had
arisen, the structure could be modified for a new use. For example,
Archeopteryx, the earliest known bird, is distinguished from small, flightless
reptiles that lived at the same time solely by its feathers. Mutation and selection
changed reptilian scales (a preadaptation) into lightweight feathers, an
evolutionary novelty that allowed better gliding and heat retention. While
this flying reptile had feathers like a bird, its skeleton still resembled that of a
reptile, lacking the specialized breastbone and powerful flight muscles of
modern birds. A case like this, where some characteristics evolve without
simultaneous changes in other body parts, is called mosaic evolution.

Fossil record. The most direct evidence of macroevolution is found in
the fossil record. Today we have a far more complete understanding of this
record than was available in Darwin’s time. Fossils are created when organisms
become buried in sediment, the calcium in bone and other hard tissue is
mineralized, and the sediment eventually is converted to rock. The fossils
contained in sedimentary layers of rock reveal a history of life on earth.

By dating the rocks in which fossils occur, we can get an accurate idea
of how old the fossils are. In Darwin’s day rocks were dated by their position
with respect to one another; rocks in deeper strata are generally older. Knowing
the relative positions of sedimentary rocks and the rates of erosion of different
kinds of sedimentary rocks in different environments, geologists of the
nineteenth century had derived a fairly accuate idea of the relative ages of
rocks.

Today, rocks are dated by measuring the degree of decay of certain
radioisotopes contained in the rock; the older the rock, the more its isotopes
have decayed. Because radioactive isotopes decay at a constant rate that is
not altered by temperature or pressure, the isotopes in a rock act as an internal
clock, measuring the time since the rock was formed. This is a more accurate
way of dating rocks and provides dates that are absolute, rather than relative.

When fossils are arrayed according to their age, from oldest to youngest,
they often provide evidence of progressive evolutionary change. Among the
hoofed mammals, small bony bumps on the nose can be seen to change
progressively, until they become large blunt horns. In the evolution of horses,
the number of toes on the front foot is gradually reduced from four to one.
About 200 million years ago, oysters underwent a change from small curved
shells to larger flatter ones, progressively flatter fossils being seen in the fossil
record over a period of 12 million years. A host of other examples are known,
all illustrating a record of progressive change. The demonstration of this progressive
change is one of the strongest lines of evidence that evolution has occurred.
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Molecular record. If you think about it, the fact that organisms have evolved
progressively from relatively simple ancestors implies that a record of evolutionary
change is present in the cells of each of us, in our DNA. According to evolutionary
theory, every evolutionary change involves the substitution of new versions of
genes for old ones, the new alleles arising from the old by mutation and coming to
predominance because of favourable selection. Thus, a series of evolutionary
changes involves a progressive accumulation of genetic change in the DNA.
Organisms that are more distantly related will accumulate a greater number of
evolutionary differences. This is indeed what is seen when DNA sequences are
compared among various organisms: for example, the longer the time since the
organisms diverged, the greater the number of differences in the nucleotide sequence
of the gene for cytochrome c, a protein that plays a key role in oxidative metabolism.

Fig. 17.2: The evolution of cytochrome c.

The same regular pattern of change is seen in haemoglobins and many other
proteins. Some genes, such as the ones specifying the protein haemoglobin, have
been well studied, and the entire time course of their evolution can be laid out with
confidence by tracing the origin of particular substitutions in their nucleotide
sequences. The pattern of descent that is obtained is called a phylogenetic tree.
It represents the evolutionary history of the gene. You should note that the
progressive changes seen in the haemoglobin molecule produce a tree that reflects
very closely the evolutionary relationships predicted by a study of anatomy. Whales,
dolphins, and porpoises cluster together, as do the primates and the hoofed animals.
The pattern of progressive change seen in the molecular record constitutes strong
direct evidence for macroevolution.

Regulatory genes and developmental changes. Sometimes, the evolution
of a dramatic change in form involves an entire set of genes and can have its roots
in a simple developmental event. For example, a single mutation event in a fruit fly
can cause four wings to form instead of the usual two. Since the mutation is in a
regulatory gene that acts early in development to control the function of many other
genes, the result is a startlingly novel effect—four wings, not two. Clearly, the
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principles of microevolution, including mutation and adaptation, can account for
changes that occur during long reaches of time. But can they also account for the
patterns of extinction that mark macro-evolutionary trends?

Speciation and adaptive radiation. Not all geographical isolates become
full species and not all species give rise to varied descendants. Most species die
out after a few millions of years without either diverging much from their ancestors
or producing “offspring”. A few give rise to major adaptive radiations.

Large adaptive radiations result when the new forms of physiology,
behaviour, and morphology of an organism provide the basis for life-styles
that work well in a variety of environments. The advantage may arise from a
better way of dealing with predators (torsion) or from better ways of exploiting
environmental resources (trunks).

The evolutionary record suggests that much of the potential for
modifications of body plans is realized relatively early in the evolutionary
history of a group. Most of the classes of the major phyla appeared soon after
the first presence of the phylum itself. Later modifications often seem to involve
formation of new families and many new species,all of which exploit the major
advance made possible to earlier morphological reorganization. This pattern
can be compared diagrammatically, in its extreme form, with one that assumes
that divergence of lineages progresses at a more or less constant rate through
time. The incompleteness of the fossil record prevents us from knowing which
pattern is closer to the truth for which groups of organisms.

Fig. 17.3: Two Model of Adaptive Radiation.

A major difficulty is that the fossil record has yielded very little evidence
about the origins of the major groups of organisms. New phyla appear suddenly
in the record, yielding few clues as to their origins. Two interpretations of
this pattern have been given. One is that major adaptive reorganizations occur in
small, peripheral populations where environmental conditions are different and the
populations are well protected from gene flow from the main parts of the range of
the species. According to this view, the earlier stages of new phyla are unlikely to
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be found because they were rare and local. An alternative view is that major
adaptive radiations took place quickly after each period of mass extinction. Both
could, of course, be true, each explaining patterns in some groups.

Natural selection and stasis. The theory of natural selection is actually
able to provide a mechanism for an uneven pace of evolutionary change. The idea
was first developed in 1932 by the population geneticist Sewall Wright of the
University of Wisconsin. He visualized the process in terms of an adaptive
landscape in which adaptive peaks of unequal height are separated by adaptive
valleys of unequal depth. Peaks represent states of close adaptation to the local
environment whereas valleys represent states where organisms are poorly adapted.
Natural selection causes organisms to “climb the nearest adaptive peak” even
though it may not be the highest (best) one, because to reach higher ones an
organism would first have to traverse a lower valley. Such changes would be
opposed by natural selection because they would lower the immediate fitness of
the organisms. Natural selection cannot favour lowered short-term fitness just
because that might lead to higher long term fitness. However, by random genetic
drift, a population might “jump” across an intervening valley, thereby arriving at a
position where natural selection can cause it to climb a higher peak than was
originally available to it. In Wright’s model, natural selection is the only agent causing
populations to climb adaptive peaks, but. paradoxically, natural selection is more
effective if it is combined with genetic drift.

Fig. 17.4: Adaptive Landscape.

If the adaptive landscape is held constant, all populations are expected to
climb their nearest peaks and to remain there once they arrive. Therefore, a period
of rapid evolution should be followed by a time of stasis. However, if the
environment changes (that is, if the landscape is altered), many populations will
find themselves in adaptive valleys. This initiates a new period of rapid evolutionary
change, leading to another time of stasis.



NOTES

Microevolution,
Macroevolution and

Megaevolution

Self-Instructional
             Material 269

Mass extinctions. Not only did adaptive radiation come in waves so did
extinction. Mass extinctions of organisms have occurred six times during
evolution.The earliest of these, at the end of the Cambrian, destroyed approximately
one-half of the known animal families. At the end of the Devonian, 345 million
years, another 30 percent of families went extinct. A similar catastrophe occurred
at the close of the Permian and affected both marine and terrestrial organisms. In
the oceans, brachiopods declined almost to extinction and trilobites went totally
extinct. On land, the trees that formed the great coal-forming forests went extinct,
as did most groups of amphibians. At the end of the Triassic period, approximately
180 million years, nearly all ammonoids and approximately 80 percent of reptile
species vanished. Sixty-five million years, at the end of the Cretaceous, dinosaurs
and other large reptiles passed into oblivion and a large part of the ocean life
disappeared.

Fig. 17.5: The Six Mass Extinctions.

The most recent period of massive extinction is still going on. Within the last
10,000 years, most large mammals, except those of Africa, went extinct. The full
extent of extinctions that will take place within the century 1980-2080, is, of course,
unknown, both because most of them have not yet occurred and because many
species will go extinct before they have even been described. But unlike past
extinctions, where the causes are unknown. the prime cause of current extinctions
is clear—direct exploitation and habitat modification by humans. The most important
single factor is likely to be the extensive clearing of tropical forests currently taking
place. Unless unexpected changes occur, tropical wet forest sites will be reduced
to small, isolated patches by 2010 except in the central Zaire basin of Africa and
the upper Amazon basin in South America. Destruction of tropical forests is of
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particular importance because those forests harbor more species than any other
habitat and because many tropical forest species have very limited geographical
ranges. If, as many biologists predict, as many as one million species are lost
during the next century, this would be a rate of extinction unparalleled in the history
of life. The other great extinctions, by comparison, were spread out over many
millions of years. The causes of the great extinctions are still obscure. We will
return shortly to the theories advanced to explain them. The causal connection
between extinctions and adaptive radiations is much clearer, extensive adaptive
radiations have taken place immediately following massive extinctions, as species
responded to the changed ecological conditions created by the disappearance of
what had been the dominant organisms of the times. The current extinctions however,
may not be followed by a comparable re-radiation of life, because human
dominance may prevent future evolution of most large organisms.

Check Your Progress

5. Define the term macroevolution.
6. What is pre-adaptation?
7. Describe the mosaic evolution.
8. Discuss mass extinction.

17.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Microevolution is the change in allele frequencies that occurs over time
within a population. This change is due to mutation, natural or artificial
selection, gene flow and genetic drift.

2. In divergence evolution, two or more distinct species share a common
ancestor from which they diverged. Example: dog species descend from
a wolf.

3. The changes in the structure or composition of genes are described as
gene mutations or little mutations. This is due to alteration in the
nucleotide sequence of the genome.

4. Species selection is an evolutionary process that is logically equivalent
to natural selection, but operates at the species level. It is the process
responsible for the proliferation of species that have lower extinction
and higher speciation rate.

5. Macro-evolution refers to evolution of groups larger than an individual
species. During macroevolution changes in the body form are large and
there is increase in the size of the individual.

6. Pre-adaptation refers to the possibility of a characteristic to adopt a
new biological function without evolutionary modification.

7. In mosaic evolution some characteristics evolve without simultaneous
changes in other parts of the body. Thus various body parts show
different rates of evolutionary changes.
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8. The extinction of a large number of species within a relatively short period
of geological time, thought to be due to factors such as a catastrophic global
event or widespread environmental change that occurs too rapidly for most
species to adapt.

17.5 SUMMARY

Microevolution refers to the evolutionary process itself that occurs within
the species. Natural selection is the process whereby some individuals in a population
which possess certain characteristics produce more surviving offspring than
individuals lacking these characteristics. As a result the population will gradually
come to include more and more individuals with the advantageous characteristics
assuming that the characteristics have a genetic basis in this way the population
evolves. Change of this sort within populations change in gene frequencies is called
microevolution.

Microevolutionary forces include species selection, natural selection,
little mutation and successional evolution.

Macroevolution refers to evolution of groups larger than an individual
species. During macroevolutionary changes in the body form are large and
there is increase in the size of the individuals. When an animal is suited to its
life, many changes in structure of body occur due to increase in size of the
body, such as weight increases, limbs become stouter, bones become heavier
and other parts of the body also changed. Macroevolution has occurred in
mammals especially in the horses and elephant.

17.6 KEY TERMS

Adaptive radiation: When similar organisms are forced by the nature to
live in different environments they develop several different characters and
gradually start differing from one another. This is the adaptive radiation.
Mass extinction: The extinction of a large number of species within a
relatively short period of time due to catatrophic global event or
widespread environmental changes.

17.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define microevolution as well as macroevolution.
2. Describe adaptive radiation.
3. Explain natural as well as artificial selection.
4. What is species selection?
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Long Answer Questions
1. Describe microevolution with suitable examples.
2. Discuss macroevolution with suitable examples.
3. Write notes on mosaic evolution, mass extinction and pre-adaptation.
4. What are the trends in microevolution?
5. Write down the evidences in favour of macroevolution.

17.8 FURTHER READING

1. Dietrich (2009). Microevolution and Macroevolution are Governed by
the Same Processes.

2. Emanuele Serrelli and Nathalie Gontier. Macroevolution.
3. Michael Jarvis (2014). Evidences for Micro and Macroevolution.
4. Phillippe Huneman (2017). Macroevolution and Microevolution: Issues

of Time Scale in Evolutionary Biology.
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CHAPTER 18 FOSSILS, METHODS OF
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18.0 INTRODUCTION

Earth originated about five billion years ago and life about three billion years
ago. When animals and plants die, they usually decay. Sometimes, though,
their hard parts get preserved in rocks and are called fossils. Fossils are keys
that help us to unlock the puzzle of past life. A fossil represents past of a once
living animal or plant. A Danish anotomist, Nicolaus Steno (1638-1686),
realized that fossils resembled animals and plants in every detail. The word
fossil is derived from the Latin word fossilis means “dig out”. Lamarck defined
fossils as “remains of plants and animals which have existed on the earth in
prehistoric times and are found preserved within sedimentary rocks or
superficial deposits of the earth, not only mostly as petrified structures of
organisms but also whatever was directly connected with or produced but
these organisms. According to T.H. Huxley, “Fossils are only animals and
plants which have been dead rather longer than those which died yesterday”.
But according to Jordan and Kellogg, “Fossils are either actual remains of
bones or other parts preserved intact in soil or rocks or else, and more
commonly, parts of animals which have been turned into stone, or of which
stony casts have been made. All such remains buried by natural causes are
called fossils”. With the development of the science of geology unfolding the
remains of animals and plants which inhabited the earth in past ages, the

UNIT V: EVOLUTION II AND
PALAEONTOLOGY
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doctrine of Organic Evolution became strengthened. The various geological strata
of the past ages have been correlated with the fossil remains of animals and plants
which have been unearthed. The importance of fossils as evidence of animal and
plant life in the past was first recognized by the Italian painter Leonardo Da Vinci.
Later William Smith observed that fossils of animals and plants succeed one another
in a regular order. The arrangement of these fossils in the chronological order
brings home the fact of organic evolution. The study of fossils was given a forceful
impetus by the works of George Cuvier.

18.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the meaning of fossils.
Describe the method of fossilization.
Discuss the determination of age of fossils.
Know the nature of rocks having abundant fossils.

18.2 METHODS OF FOSSILIZATION

The methods of fossilization limit the type of information we can gain from extinct
organisms. The bodies of most animals are consumed or scattered by predators
and scavengers soon after death, and their bones are broken up and decompose.
Perhaps no more than one in a million are so quickly buried that they may become
fossilized. The flesh almost invariably decays, but the bones may be infiltrated by
water carrying sediments and soluble minerals that fill up the large cavities and
precipitate in smaller channels once occupied by cells and blood vessels. In most
vertebrate fossils, mineral components of the bone retain their integrity, so that
histological details and chemical composition are little altered even after hundreds
of millions of years. A fossil bone is still bone, but it contains a hard and heavy
mulling of other minerals as well.

The most common method of fossilization occurs on the floor of oceans
and large bodies of water. When aquatic animals die, they sink into deep
sedimentary deposits. Here the dead bodies are protected from scavangers
and oxidation. More and more sediments are deposited continuously. The
sedimentary deposits gradually harden into rock. The dead bodies which are
embedded in the sedimentary, stratified rocks form the fossils.

On land the terrestrial animals are fossilized by dust-storms. The dust-
storms operate in the same way as the sediments in the ocean. Dust is deposited
over the dead bodies layer by layer. Volcanic ashes also quickly bury the
organisms and thus preserve them as fossils. Desert animals or those living in
dry regions are preserved by desiccation. Some may become entombed in
peat bogs, in the dust and ashes thrown out by volcanoes, some more may be
sealed up in deposits of carbonate of lime and others may be transported by
running water and ultimately buried in the bed of a river, a lake or of the sea.
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Animals like insects and spiders are often encased in amber, a fossil resin
from pines, Picea succinifera. These resins when first exuded are sufficiently soft
to engulf a fragile insect, later through the evaporation of tite more volatile portions
became hardened and finally changed into amber without the slightest injury to the
most delicate details of insect anatomy. Occasionally, entire animals have been
enclosed in sediments that hardened to give an impression of the complete body
surface. Fossils of dinosaurs that became mummified after death have been
preserved in this manner. Impressions of other animals have been preserved in
lava flows and amber. Flattened, coalified remains showing body outlines are found
in fine-grained sediments that were presumably deposited in an anaerobic
environment, free from decomposing organisms. Occasionally, the soft tissues may
be preserved; by waters bearing pyrite or silica. Histological details of muscle
fibers and kidney tubules are preserved in fossil sbarks from the Upper Devonian
Cleveland shale.

18.2.1 Difficulties in Fossilization
The fossil records are so helpful and important in understanding the process of
evolution and in knowing the past life, but the greatest drawback is their
incompleteness. The reason for their incompleteness may be discussed as under:

Majority of animals do not get proper conditions for fossilization. They
are destroyed by predators or scavangers, or are exposed to air for
disintegration.
Generally the hard parts of the body are fossilized. But majority of
animals do not have any hard parts. This means that most of the
protozoans (except foraminifers), majority of coelenterates, worms and
helminths will not have a chance for fossilization.
Of the several methods of fossilization, the best chances are offered to
animals living in the ocean, the animals living in fresh water have the
next best chance and the terrestrial animals have least opportunity of
changing into fossils.
All periods in the earth history were not equally favourable for the
formation and preservation of sedimentary rocks. It is now established
that the general level of continents has fluctuated. During glacial ages
the continental shelves were largely exposed, while during warm ages
the low land areas and the continental shelves were submerged. During
submergence newly deposited stratum together with its included fossils
was protected and preserved by the deposition of additional strata.
Thus the fossils of the period of submergence were more abundant
than those of the period of elevation.

18.2.2 Destruction of Fossils
Of the animals which are fossilized only a few escape the irony of destruction.
These are exposed to several natural destructive forces which can be
summarized as under:
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The fossils present in the deeper rocks with thousands of feet of other
deposits above them are crushed and distorted. The rocks are exposed
to tremendous pressure and heat which may result in the alteration of deposits
and the destruction of fossils due to recrystallization of minerals of the rocks
and the fossils.
Due to upheaval during mountain formation, changes occur in the strata and
the rocks rise up in the form of peaks thousands feet above the ground.
This exposes the rocks and the fossils contained in them to destruction by
natural forces.
Rivers flowing down from the mountains carry rocks which are finally turned
into sand. This destroys the fossils contained in the rocks.
Rivers may cut deep gorges through many successive strata, thereby
destroying the, fossils.
Erosion by wind and water wore away rocks and the high mountain
peaks are thus worn down to low hills. One can never imagine how many
pages or chapters from the fossil records might be spoiled this way.
Glaciation carry away superficial rocks having the deeper layers exposed
for erosion.
Cracks in the rocks containing fossils due to tension may result in the
destruction of fossils.
Sliding or slipping of the crust may disturb the sequence of fossils and may
result in the destruction of some of them.

18.2.3 Difficulties in Exploring the Fossils
Of the fossils which escape destruction only a few are noticed by the
palaeontologists because of several practical difficulties:

It is not practically possible to dig out the deeply situated fossils which
are present in the older rocks and are buried under the younger rocks.
Sedimentary rocks are chiefly formed under the sea and so also the
contained fossils which remain unnoticed and even their digging is not
practically possible.
Major portion of the earth is covered with sea, a part is covered with
thick jungles and some portion is ever covered with ice. All such places
are not accessible for the palaeontologist where he can go and collect
the fossils.
High mountain peaks are also unexplorable and even if the fossils are
exposed there, they are let unnoticed and unread.
Some areas are thickly inhabited, where digging is not possible.
Thus our knowledge about the fossils had been very superficial and

incomplete and will remain so in due course The story of evolution contained in the
Sedimentary rocks in the form of fossils has several pages and chapters missing
and unrecorded, while some others are disturbed. Even though fragmentary, these
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records present a dear testimony to the fact of evolution and considerable details
have been worked out in many lines of decent.

Check Your Progress

1. Describe the rock types where maximum fossilization occur.
2. By which method the desert animals get fossilized?
3. What are the natural situations favouring preservation?

18.3 DETERMINATION OF AGE OF FOSSILS

Several methods of estimating the age of the earth have been employed. A
consideration of the most modern methods along are being detailed here.
These methods determine the age of the various strata, and naturally the age
of the different fossils, from a study of the radioactive substances occurring
in the various layers of the earth’s crust. Recent findings of radioactive elements
such as radium, thorium, uranium, plutonium etc., show that they constitute excellent
geological clocks incorporated into the earth’s crust. There are several methods
of radioactive dating. These are (i) the lead-uranium method; (ii) the
potassium-argon method; (iii) the rubidiumstrontium method and (iv) carbon
14 method (see chapter Geological Time Scale).

18.3.1 Fossil Record
Earth history is divided into eras, periods, and epochs on the basis of geologic
evidence and information about the organisms that lived in those times. The
direct study of life of the past is limited to analysis of the fossilized remains of
organisms and the environments in which they occur. All inferences about
their physiology, behaviour, and ecology must be drawn from these remains.
Some things can readily be done with fossils, whereas others are difficult or
impossible. It is important to know both the limits of the record and the
interpretations that can be made from it.

Approximately 300,000 species of fossil organisms have been described.
This is a large sample, and it is steadily growing in size. However,
itconstitutesonlya tiny fraction of the species that have lived. We do not know
how many species really did live in the past, but there are ways of making
reasonable estimates. Of the present-day biota—the species in all groups
(monera, protists, fungi, plants, animals) living today—approximately one
and one-half million species have already been described. The real number is
probably closer to four and one-half million because most species of insects
(the richest animal group) have not been described. Thus, the number of known
fossil species is only approximately 6 percent of the probable total number of
living species. Yet the number of species that lived in the past was many times
the number that are alive today. Even if, at any moment, the number of species
was no greater than at present, or even substantially less, the total number of
species over evolutionary time would be much greater than the current biota
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because species live, on the average, less than ten million years. There have been
many replacements of the biota during geologic history. There were six major
extinctions of living organisms in the past, after which further speciation again
produced rich biotas.

The sample of fossils, though small in relation to the total number of extinct
species, is not uniformly poor. Insects rarely fossilize. Only approximately 8000
species have been described from fossils, even though some early deposits (where
conditions were unusually favourable for insect fossilization) contain enough species
to show that past insect communities were very rich. In contrast, the record is
especially good for some groups of protists and marine invertebrates that have
hard skeletons. Among the nine major groups that are readily preserved (Protista,
Archaeocyatha, Porifera, Cnidaria, Ectoprocts, Brachiopoda, Mollusca,
Arthropoda, and Echino-dermata), approximately 180,000 species have been
described from fossils. This is much greater than the roughly 100,000 living marine
species known from these same groups. Palaeontologists lean heavily on these
groups in their interpretations of the evolution of life in the past.

The quality of the fossil record varies with taxonomic level. Knowledge of
the past is better for higher taxonomic categories (phyla, classes) than for lower
categories (families, genera, species). The reasons for this are simple. There are
many more individuals in a phylum than in any of its genera or species. Therefore,
with a small sample we have a much better chance of finding a representative of a
phylum than of any one of its species. As our sample size increases, we add
species faster than we add new higher taxonomic categories. In sample of mollusks
found in a Miocene bed in Denmark 2954 specimens were assigned to 1 phylum,
3 classes, 12 orders, 44 families, 64 genera, and 86 species. A sample of one
individual automatically contains all of the phyla and one-third of the classes, but a
much lower fraction of the other taxonomic groups.

The quality of the fossil record also varier with age before the present because
of sediment survival the volume of sedimentary rocks preserved and recognized
per million years of geologic time. This volume increases in an irregular way until
the present time, not because rates of formation of sedimentary rocks have increased,
but because more recent sediments are more likely to be found Most of the older
rocks are buried beneath younger sediments. Also, older sediments are more
likely to have undergone extensive metamorphoses (changes in structure) that
modify or destroy the traces of the organisms originally preserved in them.

Check Your Progress

4. Name the radioactive methods used in dating fossils.
5. What are the main divisions of earth showing the age?
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18.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Fossils are mainly found in sedimentary rocks such as lime stones, mud
stones and sand stones deposited in former seas, lakes, deltas or river
flood plains.

2. Desert animals or those living in dry regions are preserved by dessication.
Some may become entombed in peat bogs, in the dust and ashes thrown
out by volcanoes, some more may be sealed up in deposits of carbonate of
lime and others may be transported by running water and ultimately burried
in the bed of a river, a lake or of the sea.

3. The specific natural situations favouring preservation include marine
sediments, freshwater sediments, bogs, tundra, asphalt, volcanic ashes,
lava, wind blown sediment and cave deposits.

4. There are several methods of radioactive dating. These are:
The lead uranium method
The potassium argon method
The rubidiumstrontium method and
Carbon 14 method.

5. On the basis of major and minor changes occurred on earth, the earth
history is divided into eras, periods and epochs.

18.5 SUMMARY

Earth originated about six billion years ago and life about three billion years
ago. When animals and plants die, they usually decay. Sometimes their hard
parts get preserved in rocks and called fossils. Fossils are the keys that help
us to unlock the puzzle of past life. Fossils are mainly found in sedimentary
rocks such as lime stones, mud stones and sand stones. Lime stones are often
higher fossiliferous sometimes consisting almost entirely of shells. Factors
favourable for fossilization include an abundance of organisms, minimum
physical disturbance, rapid entobment in sediment and subsequent exclusion
of oxygen and percolating water.

The way in which organisms are preserved as fossils depends upon
their original composition and the physical and chemical conditions prevailing
as death and during burial. However, the greatest drawback in fossilization is
their incompleteness. Several methods of estimating the age of earth as well
as fossils have been employed. On the basis of which the history of earth is
divided into eras, periods and epochs.
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18.6 KEY TERMS

Body fossils: Body fossils are the remains of the body parts of ancient
animals, plants, and other life forms.
Key fossils: The index fossils are those that are used to define periods of
geologic time.
Mould fossils: A fossil formed when sediment fills the inside or covers the
outisde of a dead organism and the organisms remains do not persist, leaving
just the shape and texture of the rock to indicate the organic material that
was there.
Pseudofossils: Pseudofossils are inorganic objects, marking, or impressions
that might be mistaken for fossils.
Trace fossils:  A fossil of a footprint, trail, burrow, or other trace of an
animal rather than of the animal itself

18.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Write down all the rock types in which fossils occur.
2. What are the factors favourable for fossilization?
3. How the fossilization of soft parts occurs?
4. What are the specified natural situations favouring preservation?

Long Answer Questions
1. Write an essay on fossils and methods of fossilization.
2. Describe the various modes of preservation.
3. Write down the significance of fossils.
4. Write notes on the fossil dating, fossil record and difficulties in exploring

fossils.

18.8 FURTHER READING

1. David Ward. Hand Book on Fossils.
2. Patricia Vickers Rich. The Fossil Book: A Record of Prehistoric Life.
3. Raup D.M. Principles of Palaeontology.
4. Rebecca Pettiford. Fossils (Geology Genius).
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19.0 INTRODUCTION

Some closing remarks should be made upon the subject of extinction, for this has
been the fate of most species since the origin of life. Extinctions may have completely
different significance in different instances. The dinosaurs were a highly specialized
line of Mesozoic reptiles which dominated the earth for a long time. But when
conditions became unsuited to their survival, they became extinct and left no
descendants. They were succeeded by other unrelated forms. The Cynodont
reptiles also became extinct, but they were succeeded by their own descendants,
the adaptively superior mammals. Thus extinction may mark the end of a line of
descent or it may be the accompaniment of the origin of new and superior types.
It ought to be added that the major adaptive types—phyla and classes—very
rarely become extinct.
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19.1 OBJECTIVES

After going through this chapter, you will be able to:

Understand the meaning of extinction
Describe the terrible reptiles and related connecting link.
Explain the various types of Dinosaurs.
Discuss the form like Archeopteryx.

19.2 DINOSAURS

Dinosaurs are an extinct group of big and most popular reptiles, known only
from fossils. The name “dinosaur” means “terrible reptiles”, and that is a fair
summary of the impression they make on us. The largest dinosaurs were the biggest
land animals of all time. They included the long necked herbivorous sauropods
such as Diplodocus and Barosaurus, which reached lengths of 90 feet (27
metres)—as long as three buses parked nose to tail-and Brachiosaurus, which
stood 40 feet (12 metres) tall when it streched its head upward in giraffe fashion.
In size, these giants rivaled the largest whales in our present day oceans. This is
remarkable since water acts to support the vast bulk of a whale, yet the dinosaurs
lacked that support. The largest living land animals today, the elephants, weigh up
to five tons; but this is almost negligible compared to the estimated weight of
Brachiosaurus, at 78 tons.

The carnivorous dinosaurs also achieved enormous size. Tyrannosaurus
was 47 feet (14 metres) long, 20 feet (six meters) high, and had ruthlessly
efficient meat cutting teeth seven inches (18 cm) long. It was the largest
terrestrial meat eater of all time.

Dinosaurs were not all monsters, however, many of the carnivores were
agile, light weight hunters, no larger than a human child, which fed on lizards
and mouse sized mammals. The smallest Compsognathus, was up to three
feet (90 cm) long and may have weighed as little as 6.5 pounds (three
kilograms)-some specimens were no larger than a chicken.

On balance, dinosaurs were bigger than mammals. The average size for
all dinosaurs considered together would have been just larger than a human,
while the average for all mammals would be about one-tenth of this. The big
mammals such as elephants, rhinos, and hippos are more than out weighed by
the fact that most mammals are small shrews, bats, mice, and other rodents.

The dinosaurs were diapsid reptiles characterized by two openings on
each side of the skull behind the eyes. The word dinosaur does not denote a
single and natural group of reptiles but rather two distinct reptilian orders:
The two orders are the Saurischia (“lizard-hipped”) and the Ornithischia
(“bird-hipped”). As suggested by these names, the arrangement of bones in
the hip region provides the criterion for the two-fold classification. The reptile
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pelvis is composed of three bones on each side. The uppermost bone is the ilium,
which is firmly clamped to the spinal column. The bone extending downward and
slightly backward is the ischium. Forward of the ischium is the pubis. In the
saurischians, the arrangement of the three pelvic bones is triradiate, as it was in
their thecodont ancestors. However, in the ornithiscians the pubis is swung
downward and backward so that it is parallel to the ischium, as in birds. The
earliest dinosaurs were nearly all saurischians.

Dinosaurs are a diverse group of reptiles that were the dominant terrestrial
life forms on Earth during the Mesozoic Era. They were abundantly present in
almost all habitats. Some variously adapted dinosaurs were as given below:

19.2.1 Allosaurus
Fossils of Allosaurus were found in North America. These were the dominant
dinosaurs of the Jurassic period. They are large organisms growing upto 12 metres.
They had relatively large and very strong limbs to carry their great weight. They
reached 12 metres in length and were among the most powerful carnivores of their
time. The heavily built forms were no doubt the major predators of the time.
Long-striding on huge legs, and with very powerfully built necks and skulls, they
would have been capable of pulling down large dinosaurs, especially if they hunted
in groups. Again, large accumulations of the bones of these dinosaurs in some
quarries in North America lend some credibility to this idea. The skull was high
and laterally compressed; the orbital opening was triangular and smaller than the
principal anterior orbital fenestra. The arms and clawed hands, though relatively
small, were still capable of being used as an aid to feeding. Mouth was armed with
dagger like long, laterally compressed teeth. The tail was long, and the posterior
prezygopophysis were considerably elongated.

Fig. 19.1: Allosaurus.
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19.2.2 Tyrannosaurs
Tyrannosaurs was the largest carnivorous dinosaur and called the King of
Dinosaurs. Tyrannosaurus lived in the Cretaceous, especially in North America
and Mongolia. It was the largest (about 47 feet long and 20 feet tall) dinosaurus.
Its weight was about 8 to 10 tons. It was the most formidable animate engine of
destruction that ever lived. The hind limbs were tree like in size and adapted for
running. Feet with three powerful toes, each armed with a massively curved claw,
6 to 8 inches in length. The head was about 4 feet long and rather broad. The large
jaws were armed with numerous flattened saw edged, dagger like teeth. The
forelimbs were reduced to such a degree that they must not have been very useful.
These tiny arms are provided with two short fingers in each. These arms were so
short that they did not even reach the mouth, and clearly they could not have been
used to grapple with prey or to pass food to the mouth. The function of the arms
remained a mystery until 1970, when Barney Newman of London’s British Museum
(Natural history) suggested that they may have been used to help Tyrannosaurus
stand up.

Fig. 19.2: Tyrannosaurus.

Newman postulated that, from a flat-out posture, Tyrannosaurus pumped
its arms against the ground and threw its head back quickly; at the same time, it
lifted the hind quarters on its powerful legs. Thus, the great head swung to its
upright position some 20 feet (six metres) off the ground in the single, smooth
movement. Without the use of its tiny arms, Tyrannosaurus might have had even
greater trouble in getting up first thing in the morning! Long jaws and large teeth
gave an effective bite for dealing with large prey, which constituted food of these
dinosaurs. Strong muscles to operate the big and heavy jaws. Because of the
weight of big skull the neck was shortened which served to avoid adverse leverages.
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Chatterjee (1985) proposes that they may have evolved directly from Triassic
thecodonts.

19.2.3 Brontosaurs
Brontosaurus—the thunder beast is a well known Jurassic representative whose
remains have been found in the Morrison Formation of Colorado. This favourite
of school children as well as producers of Hollywood movies. One of the largest
dinosaurs, reached a length of 67 feet and weighed about 38 tons. Its complete
original specimen is preserved at Yole and similar in the American Museum of
Natural History. The Brontosaurs were enormous long-necked, long tailed, beasts
that had returned to the four legged stance to support their tremendous bulk.
Much of the length of this animal is attributable to the long neck and tail. The small
head contained a brain disproportionately small even for a reptile. The brain was
hardly larger than that of a cat. The back-bone was extremely massive but the
vertebrae were much hollowed out on the sides and these hollows may have been
filled with air sacs as in birds. In this specimen, there was a single large claw on the
inner toe of each front foot, and claws on the inner three digits of the hind foot. The
pelvis was a huge structure for strong support and muscle attachments and the
shoulder blades were likewise very long and heavy. The vertebrae of both neck
and tail had strong spines that allowed large surfaces for muscle attachments.

Fig. 19.3: Brontosaurus.

For many years paleontologists have speculated that, even with their massive,
pillar-like legs, these largest of land animals could not have supported their own
weight continuously. It was therefore surmised that they dwelt in the buoyant waters
of lakes and streams. However, this long-held theory of sauropod habits has recently
been challenged. According to the new view, Brontosaurs roamed through the
forests much like modern elephants. For sauropods, there were probably
advantages in being large. Great size affords protection and slows changes in
body temperature. The ratio of surface area to mass for an animal decreases as
size increases. Consequently, the large animals has a proportionately smaller surface
for heat loss, and just as a large pot of water loses its head more slowly than a
small pot, so does the large animal lose its heat more slowly than a small animal.
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19.2.4 Diplodocus
It is the another well known sauropod, differs from Brontosaurus in the more
slender form, so that even with a length of 87 feet with the skull about 55 centimetres,
long at the end of a very long neck. It was by no means so weighty as the latter. In
this species the terminal ten feet of the tail was like a whiplash, as the contained
vertebrae did not decrease further in size. This may have proved a very efficient
weapon of defence. A complete skeleton of Diplodocus from sheep Creek,
Wyoming, about 15 miles from Bone Cabin quarry, is now mounted in the Carnegie
Museum at Pittsburgh. In Diplodocus the teeth seem surprisingly weak for so
large an animal.

19.2.5 Brachiosaurs
Brachiosaurus is the rarer larger and most spectacular form  that has ever lived.
During the middle Jurassic, the prosauropods gave way, in stages, to the mighty
sauropods—the group that contained the dominant herbivores of the Late Jurassic.
Creatures such as Brachiosaurs were the largest land animals of all time. The
statistics speak for themselves: 75 feet (22.5 metres) long, 40 feet (12 metres) tall,
and 78 tons estimated weight.

Fig. 19.4: Brachiosaurus.
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Brachiosaurus is known from partial skeletons discovered in Colorado
and Utah in the United States, as well as from spectacular finds made by Werner
Janensch on the famous East African excavations in 1907-1912 at Tendaguru, in
what is now Tanzania. He directed hundreds of helpers, who dug up and plastered
hundreds of tones of bones which were carried on their heads over many miles to
the nearest parts for shipment to Germany. The mounted skeleton in the Humboldt
Museum, East Berlin, must surely be one of the best dinosaur exhibits in the world.
Brachiosaurus very long forelimbs, and its neck vertebrae show that the neck
could be hoisted vertically. This great reptilian “giraffe” presumably fed on leaves
from the tops of tall trees, well beyond the reach of other ground-dwelling animals.
However, the vast bulk and long neck of Brachiosaurus pose a variety of key
problems. How could it eat enough to keep going, especially in view of its tiny
head, how could it pump blood some 261/2 feet (8 metres) or more from heart to
head? And how could it move the massive weight of its neck?

Footprint evidence suggests that herds of these gigantic dinosaurs moved
across the Earth. Their effect on the ground was quite dramatic—in place it
appears to have been churned up extensively simply as a result of the enormous
pressure exerted by their feet. This churning can be measured several yards
(or metres) beneath the surface and gives yet another measure of the incredible
impact of these animals. Rocks that show evidence of this disturbance are
said to exhibit “dinoturbation”—a word invented in recent years to
acknowledge yet another effect of these creatures.

The main features of these dinosaurs are clearly derived from the earlier
forms. The tail tends to be longer, and in some cases develops into a long,
thin whip. The neck becomes longer—exaggerated to an apparently ridiculous
degree in some. These two extra ordinary structures are held together by a
huge trunk supported on four extremely straight, pillar-like legs. On the end
of the neck is a head built to entirely different specifications from the rest of
the body—it appears tiny in comparison.

19.2.6 Iguanodon
The skeleton of most exciting dinosaur the Iguanodon was found in a coal mine at
Bernissart in Belgium in 1878. Iguanodon was about 34 feet long having a horse
like head with a bony cropping plate at the front of the mouth (as in sheep). It was
a bipedal vegetarian capable of rapid running that probably roamed in large
herds in Europe during the Cretaceous.
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Fig. 19.5: Iguanodon.

In this reptile the thumb was enlarged into a sharp spike that may have been
used as a weapon for defence. The other fingers had small hooves instead of
claws, showing that the hand was used in locomotion. The wrist bones were used
for added strength. It was strongly built with a heavy built head and horny beak.
Teeth were found in the hind part of the jaws in rows. Hind limbs were much
longer and stronger than the forelimbs. There is also evidence that the animal spent
some of its time on all four limbs. Neck was long and thick. The tail was heavy and
long. The feet had only four toes each. Pelvic girdle was remarkably 4-radiate
with a prepubic bone pointing forward. It had affinities with crocodile and birds in
having long hollow bones.

Large number of Iguanodon have been discovered in several places across
Europe. This suggests that they were very abundant animals of the Early Cretaceous
Period, representative of the rise to dominance of the ornithischian herbivores in
the Cretaceous.

19.2.7 Stegosaurs
Stegosaurus was found in the late Jurassic period and was the most grotesque of
dinosaurs. Back was provided with two rows of huge upstanding plates. The
plates bear traces of numerous blood vessels. This implies that they possibly acted
as a heat exchange device.
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Fig. 19.6: Stegosaurus.

Stegosaurus is the classic stegosaur. A large animal ranging up to 23 to 26
ft (7 to 8 m) in length, it had a long, low head, short front legs and long, pillar-like
hind ones, and an imposing array of large alternating plates and spines along its
back. The flat-sided plates are quite small in the neck region, but along the middle
of the back and front of the tail they develop into huge diamond-shaped structures
before tapering off towards the rear. The end of the tail is adorned with at least
two pairs (four in some species) of very long, sharp spines to be used as an
offensive weapon when swung sideways at an attacker.

Brain was hardly larger than the terminal joint of one’s finger, with a cranial
capacity of about 56 c.c. According to Prof. Williston the Stegosaurus intelligence
was not greater than that of a three week old kitten. Stegosaurus is famous for
having a brain much smaller than the enlargement of the spinal nerve cord in the
sacrum which has given rise to the popular belief that this animal had two “brains”.

The great disparity between the front and rear legs grave the animal a very
low head when walking on all four, which must have been ideal for feeding on low
vegetation. However, it also seems quite feasible for these dinosaurs to have used
their long tail as a counter balance so that they could rear up to feed on higher
foliage if they so desired. The front of the snout was narrow and adorned with a
horny beak, and the teeth were numerous but not very different from those of
either ankylosaurs or even the earliest ornithischians. Their teeth were designed
essentially for simple cutting and tearing of plant tissues, with very little chewing
taking place in the mouth.

The extremely large plates running down the back of Stegosaurus have
been the subject of much debate. It was not certain at what angle the animal
carried them. At first it was suggested that they had a defensive function and
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stuck straight upwards or were laid flat on the flanks of the animal as armor plating.
In recent years their internal structure has been looked at more closely.

It was discovered that the plates were honeycombed internally, rather than
being solid and bony. There is also evidence of considerable blood supply, which
suggests that they may have been involved in temperature control (Farlow,
Thompson and Rosner, 1976). Wind-turned experiments with models of these
plates suggest that they are perfectly shaped for heat loss in breeze—which is why
they are diamond-shaped rather than simple rectangular blocks. Thus stegosaurs
may well have used some or all of their plates as a means of losing heat if the body
become too hot; alternatively they could have basked in the sunlight so that the
plates acted as solar panels, absorbing heat and transferring it to the blood and the
rest of the body.

The Stegosaurus was permanently quadrupedal and the hind legs were
much larger than the forelegs, making the pelvic region the highest point of
the body. The shoulders were low. The reptile had great muscular power
especially in the tail and hind limbs.

A few scattered remains of this group are known as the lower Cretaceous
with possibly attributable fragments from the upper Cretaceous of India
(Gallon, 1981).

19.2.8 Ankylosaurs
They were heavily armoured dinosaurs somewhat reminiscent of turtles or of
armadillos in the completeness of their armour plates. They have been called the
“tanks” of the Mesozoic battlefield. They were bulky, and fully quadrupedal
reptiles, some twenty feet in length, not very high at the back, and very broad.
Their legs were heavy, hind limbs much longer than the forelimbs. The strong feet
and limbs were built for speed. The skull was very broad as compared with its
length. The top of the head and the entire back were completely covered by a
continuous armour of heavy polygonal, bony scutes, and along the sides of the
body there were long, bony spikes. In the neck region, the armour was formed in
half rings. The armoured tail terminated in a great mass of bone. Horns appeared
on the upper and lower rear corners of the head; and, perhaps more usefully, a
heavy, bony club on the end of the tail. This could be used against predatory
dinosaurs, and was probably an extremely effective weapon: all predatory dinosaurs
were bipedal, so a blow to the legs could relatively easily knock them over. For
the larger tyrannosaur-sized predators such a fall could have been fatal if it broke
one of their legs. That obviously formed a club or bludgeon. The teeth were singularly
small and weak, indicating that the Ankylosaurs must have fed upon soft plants.
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Fig. 19.7: Ankylosaurus.

Ankylosaurs were widespread in North America and Asia and first
appeared in the early Cretaceous, at about the time that the plated dinosaurs
(Stegosauria) were dying out, so it is possible that the ankylosaurs are
stegosaur descendants. Gallon (1980) recognised several fragmentary
specimens from the Middle through Upper Jurassic of Europe as probable
ancestors.

19.2.9 Ceratopsians or Horned Dinosaurs
The Ceratopsians are the horned dinosaurs, important herbivores of the Late
Cretaceous. These are relatively small animals 6 to 9 feet long. The name Ceratopsia,
meaning “horn faced,” was coined by O.C. Marsh in 1890, who understood them
only to include the large, quadrupedal, frilled horn-bearers of western North
America. They laid some 20 to 30 sausage shaped eggs in two or three concentric
circle in a nest hollowed but in the sand. Many fossils, from Mongolia and North
America in particular, show how the two key ceratopsian features evolved. The
skull bones on top of the snout and above the eyes progressively formed bumps,
and then horns, which were probably used in defence. Their entire evolution was
confined to the second half of the Cretaceous period. They possessed a horn over
each eye and a horn on the nose. In later ceratopsians, such as Triceratops, the
bony projections were covered with horn (keratin) sheaths, just like the horny
coverings on the horns of sheep and cattle.
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Fig. 19.8: Triceratops.

They also possessed a parrot like beak. The second ceratopsian feature is
the neck frill, a backward extension of the parietal and squamosal bones at the
back of the skull. These skull bones anchor some of the key jaw-closing muscles.
As they grew backward in the ceratopsians, the jaw muscles presumably went
with them and lengthened, so changing the mechanics of the jaw action to allow a
powerful bite.

Ceratopsians show great variety in the number and distribution of their horns
and in the shape of the frill. Some have one rhinoceros-like snout horn, others
possess three (including Triceratops), while others sport five. The frill may be
rounded or square, and smooth or surrounded by knobs of bone, or long spikes.
Such structures, as with the hadrosaur crests, may have served as species and
sexual recognition features, as well as in defence.

The head in Ceratopsians constituted an unusually large proportion of the
body. It appears to be exceedingly large, making up a third or so of the total length
of the body.The molar teeth were broad and flat, indicating a herbivorous diet.
The horned dinosaurs were animals of moderate size, not truely giants. They were
very numerous during late Cretaceous times, but faded rapidly from the picture
towards the end of that period The excellent example of this group is the
Triceratops.

In Triceratops there were three huge horns above the eyes hence called
three horned dinosaur. In Monoclonius, the nasal horn is very large and the
brow horns under-developed.

Check Your Progress

1. Name all the forms of Dinosaurs studied by you.
2. Describe any four main features of Brontosaurs
3. Who was referred to as the king of Dinosaurs?
4. Name any bipedal vegetarian dinosaur capable of rapid running.
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19.3 ARCHAEOPTERYX

Nearly a century ago, T.N. Huxley states that birds are glorified reptiles, thereby
meaning that birds have evolved from some reptilian ancestor. Birds with their
power of flight and feathered wings appear to be quite distinct from other groups
of vertebratres, yet they have striking similarities in their structure and development
with reptiles. On this basis Huxley grouped reptiles and birds in one Class-
Sauropsida.

The steps and the impulses under with evolution of warm blood birds took
place from a cold blooded reptilian stock, are not properly understood at present.
The three fold evidences from comparative anatomy, embryology and palaeontology
clearly indicate and support the view that birds evolved from the codont reptiles in
eary Mesozoic Era.

The fossil record of bird is rather incomplete and only a few fossil birds
have so far been discovered. The fossilized ancient birds Archaeopteryx is the
important intermediate form between reptiles and birds. It dates back to the
late Jurassic period about 40 million years ago. It was discovered in a state
quarry at Langenaltheim, Bavaria (Germany) in 1861 by Wagner. A
lithographica provides strong evidences of reptilian ancestory of birds.
Archaeopteryx was a small bird about the size of crow, but long lizard like
tail-bearing feathers. It shows both reptilian and avian features.

Fig. 19.9: Archaeopteryx. (a) Reconstruction a Aboreal Gland. (b) Reconstruction as
Conoial Predator.
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19.3.1 Reptilian Characters of Archaeopteryx
Elongation lizard-like body with enlarged fore-limbs and strong hind limbs
a long tail.

Skeletal bones are solid i.e. not pneumatic.

Skull with two posterior temporal openings. Short and compact beak.

Strong jaws are provided with sharp homodont teeth.

Long and flexible neck.

Cervical vertabrae are fewer (9 or 10), than any bird.

Vertebral centra are amphicoelous as in Sphenodon.

Ribs signle headed and without uncinate process.

Sternum is poorly developed, and without a keel, representing the absence
of flight muscles.

Sclerotic ossicles are present around eyes.

Tail is composed of about 20 free caudal vertebrae.

Carpal and metacarpal bones are separate and carpo-metacarpus absent.

The three digits of the hand are clawed. The number of phalanges are 2, 3
and 4 in the first, second adn third digits as in reptiles.

Scales are present on body and limbs.

19.3.2 Avian Characters of Archaeopteryx
Presence of feathers as body covering.

Fore limbs are modified into wings with only 2 digits each.

Tail bears elongated rectrices (tail feathers) arranged in two rows.

Brain box or cranium is large. It is monocondylic.

Elongated jaws are present in the form of beak which is short and blung.

Scapulae are slender curved bones, bird like.

A keel is present on the sternum.

Presence of ‘V’ shaped furcula or wish bone.

The hind limb possesses a tarsometatarsus, phalanges being 2, 3, 4 and 5
respectiely in each digit terminating into a claw. Hallux is present and
backwardly directed.

Although Archaeopteryx had many reptilian features, but extinct Cretaceous
birds such as Hesperornis and Ichthyornis were distinctly birds except having
reptile-like teeth.
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On the basis of above evidences we can safely conclude that the birds and
reptiles are very closely related and the birds have evolved from some reptilian
stock. The ancestral birds which were more reptile-like underwent further
modifications in the course of evolution due to new mode of aerial life. Thus flight
adaptation may be regarded as the glorification of birds. Thus, Huxley, is justified
in making the statement ‘Birds are glorified reptiles’.

Check Your Progress

5. Why Archaeopteryx is called connecting link?
6. Describe any four reptilian features present in Archaeopteryx.
7. Discuss any four avian features present in Archaeopteryx.
8. Who explained the birds as glorified reptiles?

19.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The main dinosaurs were Coelophysis, Stegosaurs, Brontosaurs,
Camptosaurs, Ankylosaurs, Tyrannosaurs, Trachodon, and Triceratops.

2. Brontosaurus was a well known Jurasic representative. It attained a length
of 67 feet and weighed about 38 tons. They were enormous long necked
and long tailed dinosaurs. The brain was hardly larger than that of a cat.

3. Tyrannosaurus was referred to as the king of dinosaurs because of its large
size and carnivorous nature.

4. Iguanodon was a bipedal vegetarian capable of rapid running that probably
roamed in large herds.

5. The term connecting link is given to an organism having characters of atleast
two different groups. Archeopteryx has reptilian as well as avian characters
hence called connecting link.

6. Reptilian characters found in Archeopteryx are: lizard like body with solid
bones, amphicoelous vertebrae, poorly developed sternum without keel
and presence of scales on body and limbs.

7. Avian characters found in Archeopteryx include: feathers, wings, v-shaped
furcula, tail feathers arranged in two rows and elongated jaws in the form of
beak.

8. T.N. Huxley states that birds are glorified reptiles and placed reptiles and
birds in one Class: Sauropsida.
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19.5 SUMMARY

Extinction is the dying out or extermination of a species. A species is extinct when
the last existing member dies. More than 99 percent of all species that  ever lived
on Earth amounting to over five billion species are estimated to have died out. A
typical species becomes extinct within 10 million years of its first appearance.
Dinosaurs were a diverse group of reptiles and appeared during the Triassic period.
Dinosaurs reached at the peak and became extinct in Cretaceous period.
Archeopteryx is connecting link showing reptilian as well as avian characters. It
was first discovered in 1860 or 1861, when a solitary feather was unearthed from
lime stone deposits near Solenhofen, Germany. Archeopteryx shows some reptilian
as well as avian characters in common. Both of these have monocondylic and
diapsid skull. Epiphyses and entirely absent in both the groups, pulmonary
respiration, four chambered heart and metanephric kidney are other common
characters.

19.6 KEY TERMS

Furcula: Wish bone made up of two clavicles and one interclavicle.
Living fossils: An organism like a horseshoe crab or a ginkgo tree that has
remained essentially unchanged from earlier geologic times and whose close
relatives are usually extinct.
Monocondylic skull: Skull with single condyle as in reptiles and birds
both.
Trace fossils:  A fossil of a footprint, burrow, or other trace of an animal
rather than that of the animal itself.

19.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What are allosaurs?

2. Write any four characters of Stegosaurs.

3. Define the term connecting link.

4. Name any four extinct forms.

Long Answer Questions

1. Write an essay on Dinosaurs.

2. What are the reptilian and avian characters present in Archeopteryx?

3. Describe the origin of Dinosaurs.

4. Discuss the adaptation, affinities and decline of Dinosaurs.
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20.0 INTRODUCTION

The animals are uniformly distributed over the whole world, but each animal
species is restricted to a definite range or area. Geography of the animal
which combine the animals on the map comprises its zoogeography. Some
animals are present in some separate zone or at a specific place. Animals
present on one latitude and longitude are not present in other latitude and
longitude.

The entire world has been divided into various regions, which contain
specific fauna. It was Sclater in 1857, who first of all divided the earth into
following six regions:

Palaearctic region. This includes Europe, temperate Asia, North Africa
and Arabia.
Ethiopian Region. It includes whole of Africa, Arabia, south of the
Tropic of Cancer and Madagascar
Australian Region. This includes Celebes, Lombock, whole of Australia
and the Pacific islands.
Nearctic Region. It includes Greenland, North America to northern
Mexico.
Neotropical Region. Includes South America and southern Mexico.
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Indian Region. It includes India, south of Himalayas, South China,
Borneo and Jawa.
These six primary zoological regions were established from detailed

examples of distribution of chief genera and families of the world. These
divisions received the great support from Dr. Gunther who in the Proceeding
of Zoological Society for 1858, showed that the geographical distribution of
reptiles agreed with it very closely. But, there were apparent objections to
this classification on the basis of utilization and distribution of various
mammals. Then, in 1876 Alfred Russel Wallace classified the earth into
following regions:

Palaearctic Region.
Ethiopian Region.
Oriental Region.
Australian Region.
Neotropical Region.
Nearctic Region.

20.1 OBJECTIVES

After going through this chapter, you will be able to:
Explain the meaning of Zoogeography.
Understand the division of earth into six regions.
Describe the approximate area of each region.
Discuss the fauna of each region.

20.3 PALAEARCTIC REGION

This is the largest region covering an approximate area of 14,00,000 sq. miles.
It includes the whole northern part of the old world i.e. whole of Europe,
northern part of Africa (above Tropic of cancer) and Asia, north of the
Himalayas.

Of all the zoogeographical regions the Palaearctic is far and away the
largest, covering more than half the earth’s circumference. It is bounded on
the east by the narrow Bering Strait which separates it from North America
(part of the Nearctic Region), and on the west by the Denmark Strait between
Iceland and Greenland. It stretches north to the Pole and south to an uneven
line midway between the 40th parallel and the tropic of cancer. In the Arabian
Peninsula, however, it dips farther and cuts across the tropic of cancer. In so
vast an area, the climate, vegetation, and terrain vary enormously. A person
could freeze to death in the north of Siberia, or die of heatstroke in the Arabian
deists, for example. This diversity of conditions is matched by a diversity of
wildlife, among which few of the animals are unique to the region.
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20.3.1 Fauna of Palaearctic Region
Fishes. About 28 genera of fresh water fishes. Paddle fishes, many cyprinids,
some percids, cobitids, a few catfishes. Perches, sticklebacks sturgeons
and pike fishes are common. Dallia, a few mastacemblid restricted to Siberia.
The family cyprinidae is most dominant.
Amphibia. 16 genera. 8 genera of tailed amphibians - Proteus, Salamandra,
Hynobius, Chioglossa, Seiranota, Onychodactylus, Geotriton and
Sieboldia. 8 genera of tailess amphibians are Bombinator, Pelobates,
Didocus, Alytes, Pelodytes, Discoglossus, Laprissa and Latonia. The
giant salamander measuring six feet has also been reported from eastern
Asia.
Reptiles. The reptilian fauna is not very rich. However, some forms like
True vipers, Pit-vipers, Natrix, Trigonophis, Psammodromus,
Hyalosaurus, Scincus, Ophiomorus, Megalochilus, Testudo, Trionyx,
Chamaeleon, Mabuya, Varanus, and Alligator have been reported from
different parts of the Palearctic region.
Birds. 57 genera. They include grebes, hawks, ducks, quails, grouse,
cuckoos, rails, pigeons, owls, goat-suckers, kingfishers, woodpeckers,
larks, flycatchers, warblers (Locustella), reedlings (Conostoma), crows
(Pica). Most of birds are migratory. However, parrots are wanting.
Mammals. 35 genera, Innus (tailless monkey); Barbastellus and
Plecotus (Chiroptera), 6 genera cf insectivora, Myogale, Scaptochirus,
Anurosorex, Scaptonyx, Nectogale, Uropsilus. Of carnivora. raccoon
dog of Japan (Nyctereutes), otter (Lutronectes), badger (Meles), panda
(Aeluropus) and seals (Pelagius), wolf, tiger, arctic fox. Other mammals
are hedgehogs, horses, pigs, squirrel, camels, deers, antelope, rodents.
There is also a monkey native to the coolish region, the Japanese

macaque. Inhabiting the higher slopes of the mountain forests of southern
Japan, it lives farther north than any other monkey. It is mainly a vegetarian,
but it will gladly eat insects when they are available. A neighbour of this
intelligent if timid monkey is the Japanese dormouse, the only dormouse species
to be found on the island.

There is no mistaking the various species of deer, antelope, and gazelle
that inhabit Tibet and north western China. These include the shou, a red deer
that browses among the dwarf rhododendrons above the Tibetan tree line,
and the scarce white-lipped thorold’s deer. The musk deer that lives in the
mountains of the central Asia resembles the Chinese water deer is not
possessing antlers, but the male has long sharp upper canine teeth that make
the same kind of useful weapon as antlers. Musk deer derive their name from
the musk glands on their bellies, the strong scent of which they deposit on
trees and rocks to mark their territory. One species of Tibetan antelope called
the chiru has developed an enlarged snout through which it warms up the
freezing winter air on the way to its lungs. When the weather is particularly
cold it excavates a shallow trench and lies in it—a habit shared by the gazelle
called the goa.
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Check Your Progress

1. What is the size (in sq. miles) of Palaearctic region?
2. How many genera of fishes are found in this region?
3. Describe the physical features of this region.
4. How many sub regions are found in Palaearctic region?

20.4 ETHIOPIAN REGION

The Ethiopian region consists of all of Africa south of the Sahara desert and
the south-western tip of Arabia. The Sahara desert, which separates the
Ethiopian from the Palaearctic region, today forms an effective barrier between
the two regions. But because the Sahara has not always been as dry as it now
is, the Ethiopian region shares some animals with the Palaearctic and Oriental
regions.

Fig. 20.1: Polar projection map of the world.

Africa has an enormous wealth of animal life, possessing almost as many
unique families as does the Neotropical region. There is also a great diversity of
species within the families, especially antelopes. Because Africa was part of the
great Gondwana land mass that split up some 180 million years ago to form the
continents of the southern hemisphere, the Ethiopian region has some fish, amphibia,
reptiles, and birds in common with South America and Australia.
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20.4.1 Fauna of Ethiopian Region
Fishes. About 14 genera of fresh water fishes. They include Archaic bichers,
lungfishes, many families of isopondyle, many catfishes, some cyprinids,
several characins and a few spiny rayed families.
Amphibians. About 9 genera. Primitive and higher frogs, bufo and
Rhacophorus are peculiar in this region.
Reptiles. 35 genera. Among snakes are Grayia, Leptorhynchus,
Rhamnophis, Langalia, Pythonodepsas, pythons, a sand boa and typical
viperids (vipers). There are also  pelomedusoid turtles, testudinine land
tortoises and emydine, crocodiles, Chamaeleons, Gecko, Agama,
skinks, Varanus, Cordylus and Typhlops.
Birds. 72 genera. Hawks, owls, herons, storks, plantain eaters,  weaver
birds,  fruit thrushes, fly-catchers, shrikes, crows, starlings, barbets,
cuckoos, rollers, beceaters, hombills, hoopoes and goat-suckers.
Vultures, eagles are also found. Some ostriches are 8 feet in height and
weighing up to 350 pounds, the ostrich is the largest living bird. There
is only one species left today, although formerly there were nine. The
ostrich has also adapted to arid conditions. While it prefers to live in
places that have a convenient water supply, the ostrich does not care if
that water is brackish or even very salty because it has a gland in its
nose that excretes excess salt.

Fig. 20.2: Ostrich.

Mammals. 44 families. Among them are otter, shrews, lemur, flying lemur,
old world monkey, chimpanzee, scaly ant-eaters, leopard, hyaena, lions,
cats, Aardvark, elephants, rhinoceroses, pigs, hippopotamuses, giraffes,
deer, musk deer, rabbits, rodents, squirrels, spring haas, bamboo rats, murids.
The most common animal of Africa is the many species of antelope. Although

the Palaearctic and Oriental regions have a few species such as the dorcas, the
saiga, and the blackbuck, the vast majority of the world’s antelopes are to be
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encountered on Africa’s grassy plains, and to a lesser extent in its forests, swamps,
and deserts.

Although the camel is found here, it is not an indigenous African animal. It
originated in North America from which it spread south into South America and
northwest into Asia at a time when there was a land bridge between the continents.
There are a few two-humped Bactrian camels living in the wild Gobi Desert, but it
is the one-humped Arabian variety that is used for riding and as pack animal in
Africa. This camel exists only in its domesticated form.

Aardvarks are solid animals nearly 5 feet in length, and have strong claws
on their front feet which they use to tear down termites, nests in a single night,
though humans using picks have trouble doing so. They are covered with a tough
bristly skin to withstand the bites of the soldier termites on which they feed along
with other soft-bodied insects. They do not eat hard-bodied insects such as true
ants, but will and some fruit to their diet.

Elephants, however, weathered this early exploitation. Being so large, they
were difficult to kill in great number with unsophisticated weapons and, being
intelligent animals, they quickly learned ways to avoid their hunters.

The rhinoceros was and is still much hunted for its horn, used as a fake
sexual tonic. Although today the hunting is done only by poachers, the white
rhino is seriously threatened. Contrary to expectations, the largest land mammal
ever to have existed was no the elephant’s predecessor but that of the
rhinoceros, another herbivore. The prehistoric monster, the Mongolian
Baluchitherium, was 18 feet high and 28 feet long, making even the original
African elephant look puny let alone its descendants. Present-day rhinos are
not exactly small. The black rhinos, more common than its white cousin but
by no means abundant, stands as much as 5.5 feet high and weighs as much
1.5 tones.

The tropical African forests are an ideal habitat for primates, the majority
of which are diurnal tree dwellers. This animal group contains the prosimians,
which are a suborder of monkey-like creatures, and the monkeys and apes.
The two apes of the Ethiopian regions are the gorilla and the chimpanzee,
and they are also to be seen to some extent on the floor of the forest. This is
particularly true of gorillas, the old males growing so heavy that climbing
becomes almost impossible. The chimpanzees, however, are largely arboreal,
making night nests or sleeping platforms at relatively high levels by bending
leaf branches over. Gorillas are the largest of the apes but, despite their
enormous strength and legends about their viciousness they are shy gentle
animals in great need of protection as their natural forest and mountain habitats
are cleared for cultivation.

Check Your Progress

5. Write down the expansion of this region.
6. How many sub regions are found in this region?
7. Which group of vertebrates is found in greatest number of genera?
8. Which is the most common animal of Africa?
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20.5 ORIENTAL REGION

The Oriental region embraces tropical Asia, which includes the southern part of
China, India, Burma, Thailand, Laos, Cambodia, Vietnam, and the Malayan
Peninsula on the mainland, and the islands of Sri Lanka, Singapore, and the
Philippines. It is bounded by Himalayas in north and the Indian and Pacific
Oceans on its other side. But, there is no definite physical boundary in south
east corner where the islands, Malaya, Archepilago (Jawa, Sumatra) string
out until they reach Australia. The Indonesian islands of Sumatra, Java, Borneo,
and Bali, and few other small islands are also a part of it, Bali being the
easternmost. The souteastern area abuts the transitional zone between this
and the Australian regions.

Although there are high mountain and deep ocean barriers, there are
also many areas of contact and passage routes all around and the animal life
of the region shows links with that of the Palaearctic, Ethiopian, and Australian
regions. The most important meeting points are in the north where a number
of tropical species have colonized the Eurasian steppes and mountains.

20.5.1 Fauna of Oriental Region
Fishes.  A good number of fishes are found in this region. Ostcoglossid.
notoplerids, many catfishes, cyprinids, cobitids. homalopterids, mandids,
pristolepids, anabautids, leuciocephalid, mastacem-blids. ophiocephalids
and cyprinodonts. Among these carps and catfishes are found in most
abundance.
Amphibians. 9 families including Apoda, Salamander, Rhacophorus,
toads, tree frogs and true frogs. Among all these anurans are numerous
and urodels are found in lesser number caecilians are reported in least
numbers.
Reptiles. 35 families including plentiful lizards, snakes and turtles.
Dipsas, Pythons, Naja, Hydrophis, Bangarus, Crotalus, Russels’ viper,
Natrix, Enhydrina, Leptotyphlops, Typhlops, sand boas,
Homalopsinalis, Testudo, Trionyx, Croco-dilus, Gavialis, many geckos,
Chamaeleons, Mabuya, Draco, Hemidactylus and Varanus.
Birds. 71 families of which 53 families are widely distributed.
Malcocerus, Garrulax, Sitta, Gallus, Dandrophilla, owl, hornbills,
Woodpeckers, barbets, Cuckoos, Dicrurus, Phyllornis, Munia,
kingfishers, Lori-culus, many pigeons, peacocks, parrots and hoopoes.
Among these Pigeons and Peasants are found in greater number and
honey guides. Sun birds and finches are few in number.
Mammals. 35 families. Shrew, rabbits, squirrels, dogs, cats, bison,
hedgehogs, porcupines, civets, hyaena pigs, loris, monkeys, apes
pangolin, elephants Rhinoceros, moles bear, tapirs deers, tarsiers,
gibbons, flying lemurs, bats, tiger, lion, whale, fox, whale, dolphin, wild
boar, sea cow, antelope. Among these tree shrews, Tarsiers, Flying lemurs
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and Indian bisons are the exclusive forms. Elephants, Rhinoceros and
Cherortains share with the Ethiopian region.
The primate group is very well represented in the Oriental region. There

are monkeys, apes lorises, tarsiers, and some dozen and a half different species
of tree shrews, ranging all over the region from the western coast of India to
the East Indies and the Philippines and inhabiting forest and scrubland.

The forests of the western region are the habitat of many unusual species.
Of squirrel species alone there are giant flying squirrels, tiny striped palm
squirrels, and large Malabar squirrels. There are also Malabar civets, brown
mongooses, porcupines, spiny mice, and bandicoot rats. Among the several
primate slender loris and tree shrews. Strangest of these forest creatures is a
member of that family said to look like “animated pine cones,” the pangolins,
some species of which also live in the Ethiopian region.

Check Your Progress

9. Describe the name of areas come under this region.
10. Name the group of vertebrates having largest number of families.
11. Name all the sub regions of oriental region.

20.6 AUSTRALIAN REGION

It includes whole of Australia, New Zealand. New Guinea, Tasmania, the
Moluccas and other neighbouring islands, and practically the whole of islands
is the Pacific Ocean. Its western line is drawn between the islands of Bali and
Lombok, then to the cast of Celebes or the Philippine islands.

Like the island that are treated separately, this region is completely cut
off from all others by sea. Most authorities agree that it has probably been
separated for a period of 200 to 500 million years. This long isolation has
meant that the animals of the region have had a different evolutionary pattern
from animals in other parts of the world. That is why Australia has many
unique animals, especially among its mammals. Almost all of Australia’s
mammals are marsupials, ranging in size from the tiny-skulled marsupial mouse
that is only 3.75 inches including the tail to the large kangaroo that reaches a
height of 6 feet. Neither marsupials nor monotremes. Which are the other
indigenous mammals of the region, have the same method of nourishing their
unborn young, nor of giving birth of them, as the more common placental
mammals found elsewhere in the world.

20.6.1 Fauna of Australian Region
Fishes. Fresh water fishes are Neoceratodontid lung fishes, an
Osteoglossid and various peripheral fishes.
Amphibians. Number of Amphibians is proportionately less. Tailed
amphibians and toads are difficult to locate whereas frogs including
tree frogs are found in good number.
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Reptiles. Among snakes pythons Natrix and biting tiger snakes are peculiar.
Surprisingly, many of Australia’s desert snakes are species that are least
able to adapt to desert conditions. Most of these are venomous and extremely
deadly, such as the death adder, the tiger and black snakes, and the taipan,
which is possibly the fiercest snake in the world. Australia is the only region
to possess more venomous than nonvenomous varieties of snake, although
there are no vipers. Other reptiles are Sphenodon, turtles, crocodiles,
geckos, Varanus, and typhlops.
There are several species of lizard that rely on their grotesque looks for
self-protection. The frilled lizard, for example, threatens its enemies by
hissing and raising its neck frill. This makes it appear much bigger and
usually frightens of an aggressor. The Bearded dragon changes colour,
bristles its pines, and enlarges its throat sac, which then like a beard
and gives it its name.
The way that the moloch or thorny devil takes in moisture is interesting
and, for a time was mysterious. It is now known that water creeps
along a network of tiny channels in the horny skin, reaching the angle
of the jaws by this capillary action. The lizard is then able to drink it.
This is why it reacts by opening and shutting its mouth as if drinking
when any part of it is dipped into water.
Birds. About 58 families. Peculiar are the Paradise birds, pigeons,
cuckoo, parrots, “Australian Warblers,” honey suckery, scrub birds,
flower peckers, bell magpies, bower birds, cassowaries, emus,
frogmouths, kingfishers, caterpillar shrikes, lyre-birds, mound makers
and shrikes. Among birds parrots and pigeons are found in abundance.
The bird of prey that is fairly widespread throughout the Australian
region, with the exception of densely vegetated areas, is the wedge-
tailed eagle. With its 7-foot wingspan, it is among the largest birds in
the world. Other birds of the desert include budgerigars, which add
their bright plumage to the fast dying brilliance of the sudden blossoming
after a rain shower, emus, and mallee fowls.

Fig. 20.3: Emu of Australia.
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Mammals. There are many marsupials, rodents and bats. Few people
think of the animals of Australia without thinking of the kangaroo. The family
of kangaroos has diverged into so many species is due to the fact that there
were virtually no other grazing animals in Australia until humans brought
domesticated herds, and a radiation of species took place. The European
rabbit, hare and fox have been introduced. The wild dogs and pigs were
probably brought by prehistoric man. Six families, having about 52 genera
of marsupials are distributed. “They are: Bandycoots, Wombats, Kangaroos,
Opossum etc.

Check Your Progress

12. Describe the areas belong to Australian region.
13. Name the mammalian species occur in greatest number.
14. Name the extremely and deadly venomous snakes found here.
15. How many avian families are found in this region?

20.7 NEOTROPICAL REGION

The Neotropical region, which extends nearly 5500 miles from north to south,
embraces most of Mexico and the rest of the Central American isthmus, the
whole of South America, Trinidad and Tobago of the West Indian islands, and
the Falkland islands. It is generously endowed both geographically and
zoologically. It has in the Andes the longest continuous and second highest
mountain range in the world. It also has the world’s largest tropical rain forest
in the basin of the Amazon River, which itself is the world’s longest river. Of
the many large tributaries feeding the Amazon, 17 are themselves over 1000
miles in length. There is a great diversity of climate and terrain moorland,
from the tropical waters of the Caribbean Sea in the northeast to the Pacific
Ocean’s cold Humboldt Current on the west. In these various environments
is found a great wealth of animals, many of which are unique and many
remarkable.

20.7.1 Fauna of Neotropical Region
The hot humid conditions of the tropical forests are very favourable for animals
incapable of keeping their body temperatures constant, so it is not surprising
that the Amazon basin is the habitat of many cold blooded species of reptiles
amphibians, and fish.

Fishes. Numerous fresh water fishes are present in this region. Fishes
belonging to family cyprinidae are wanting. Families Polyceutridae,
Trygonidae, Gymnotidae are present. Catfishes, eels, suckers, nandids,
gymnotid are found in abundance. Lung fishes (Protopterus,
Lepidosiren) and gar fishes (Lepidosteus) have also been reported from
this region.
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Amphibians. Fourteen families of Anura including Rana, Bufo, Hyla, and
Pipa are the common representatives. Urodeles are few in number and
belonging to Speleurps. Many of the frogs and toads of South America do
not spawn in still waters. Some lay their eggs in nests hanging over ponds
and streams, some in water-filled holes in trees, some on damp earth where
the young leave the egg as as fully formed frogs. Others make nests of foam
that float like a raft in the water, while the females of some species carry the
eggs in pouches on their backs. These untypical breeding habits are made
possible only by the extreme humidity of the tropical forests.
Reptiles. In this region, following reptiles are peculiar. Dromicus, Boa,
Coral snakes, Pit viper, Epicrates, Elaps, Craspedocephalus, Ungalia,
Proctotretus, Liolaemus, Celestus, Ameiva, Diploglossus,
Phaerodactylus, Crocodiles, Alligators, tortoises, Heloderma. However,
lizards belonging to families Varanidae, Agamidae, Lacertideae remain
wanting.
In addition to the enormous anaconda and bush master snakes, there
are also the brilliantly coloured coral snakes. There are about 40 species
of these front-fanged reptiles, most of which prey on other snakes.
Like the cobras to which they are related, coral snakes are venomous
although the strength of the poison varies from one species to another.
Birds. 23 families. It includes Rhea, tinamus, herons, storks, ducks,
plovers, pigeons, parrots, swifts, wood-pecker, swallows, ibes and king-
fisher.
The Neotropical region has the distinction of sharing with Africa,
Australia, and New Zealand and the only living ratites (completely
flightless birds). All of them the rheas of South America, the ostrich of
Africa, and emus and cassowaries of Australasia, and to a lesser extent
the kiwis of New Zealand, have certain physical features in common.
For instance, they all have long legs, well-developed thigh muscles,
very small or totally absent tails, almost no toes, and little plumage.
Mammals. Among mammals peculiar are monkeys (cebidae), blood-
sucking bats (Phyltostomidae), rodents, sloths (Bradypodiadae)
armadillos (dasypodidae), ant-eaters (Myrmccophagidae), dolphins,
llama, carnivores, marsupials, sorex and dicotyles.
There are also several species of seal inhabiting the bleak regions,

including the South American fur seal, the South American sea lion, and the
southern elephant seal of sea elephant with its curious inflatable nose.

Check Your Progress

16. Describe the main physical features of Neotropical region
17. How many families of Anuran Amphibians are found here?
18. Describe the main mammalian species of this region.
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20.8 NEARCTIC REGION

The Nearctic region includes Greenland, Canada, the United States, (except
Hawaii), and the northern part of Mexico. It extends from Greenland in the east to
the Aleutian Island in the west, and has the same north-south reach as the Palaearctic
region—that is, from the Arctic Circle to the Tropic of Cancer. It has layers of ice
of unknowns thickness. This is followed by coniferous belt, deciduous or mixed
forests in the eastern part of North America, extensive grasslands (Prairies) in the
central part and an arid zone in the south-west parts of Northern America. It
closely resembles the bigger Palaearctic in climate, vegetation, and physical features,
so it is not surprising that the animals of the two regions are almost identical.
Because of these close similarities, some naturalists treat the two regions as
subdivisions of a larger one that they call “Holarctic.” Nevertheless, in spite of the
basic sameness of the two regions’ wildlife, there are several unique animals in the
Nearctic, among them the pronghorn antelope, bighorn sheep, and bald eagle. At
the same time there are some gaps in the animal population. There are, for example
no wild horses or camels.

20.8.1 Fauna of Nearctic Region
The Nearctic and Palaearctic regions were once linked by the Bering land
bridge, and still have the same kind of vast layer or permanent ice in their
northernmost reaches today. This goes a long way toward explaining why the
animal life of the two regions’ arctic and tundra terrains are for the most part
either identical or very similar. In fact, the distinctions between some of the
species are in name only—the caribou of the Nearctic is the same as the
Palaearctic reindeer and the American moose the same as the European elk.
New names, however, have not been given to lemmings, wolves, wolverines,
and Arctic foxes, which are common to both regions.

Fishes. 24 genera. They include Huro, Brythus, Perches, Hypodelus,
Pikes, Pileoma, Noturus, Salmon, Cyprinids, Scaphirhynchus,
Boleosoma, Lepidosteus, Amia, and sturgeons etc.
Amphibians. Among amphibians urodels are most abundant. Some of
them are restricted to this region while few others are shared with
Palearctic region are Siren, Amphiuma, Ambystoma, Salamanders, frogs,
toads Hyla, Proteus, Necturus and Memobranchus.
Reptiles. Rich in reptilian fauna. Tortoises, Pythons, Crotalus, Natrix,
Crocodilus,  Alligator, Ischnognathus, Dinodes, Ophiosaurus, Uta,
Phrynosoma, Hemidactylus, Uma, Euphryne. Heloderma is restricted
to the south west central America.
Birds. 54 genera. They include wood warblers, Mniotilta, Sialia,
Oporomis, Helmintherus, Harporhynchus, Catherpes, Chamaea,
Crows, Pigeons, Cuckoo, Kingfisher, Hawk cranes, Hylatomus, wading
and swimming birds (Philolela and Creagrus).
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Mammals. Monotremes and Primates absent. Marsupials (Virginian,
Opossum), armadillo (Tatusia noverncincta), mountain goat (Haploceros)
musk ox, rats (Fiber), praire-dogs (Cynomys), Squirrel (Tamias), tree-
porcupine (Erethizon), Carnivores (dogs, bears, wolf, lion, cats, weasels
etc.), American Badger (Taxidea), Star-posed Mole (Condylura) and Bats
(Antrozous).
Polar bears cannot be said to be plentiful anywhere, their total world

population having been estimated variously between 5000 and 18,000, but
there are more of them in the arctic islands of the Nearctic than in the
Palaearctic. Whales are encountered in all these arctic waters. Some, like the
white or beluga whale and the narwhal, are strictly arctic in habitat. Others
migrate to the area during the summer months to benefit from the sea’s bounty
of squid, fish, and krill. The animals most popularly associated with the
mountains of northwest America in general and Alaska in particular are the
brown bear and the black bear.

The moose is the biggest of all living deer, standing well over 6 feet in
height at the shoulders and weighing between 1200 and 1800 pounds when
fully grown. These forest dwellers are solitary animals that require a huge
territory to supply them with enough food. During the summer months they
wade deep into lakes and rivers to feed off the water weeds and lilies to
which they are especially partial, or else they browse among the bushes and
trees for bark, sometimes in their enthusiasm felling a tree with their 6-foot-
wide palmate antlers. To maintain their enormous bulk through the cold and
meager winter, they have to find between four and fine tons of plants and
greenery. No easy undertaking at the best of times, the task of finding food in
winter is almost impossible. It is little wonder that they become desperate
enough to strip the young trees of their bark.

Check Your Progress

19. Mention the different areas included in this region.
20. Describe the amphibian species found abundantly here.
21. Which mammalian species are not found in this region?

20.9 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Palaearctic region is the largest region covering an approximately area
of 14,00,000 sq. miles.

2. In Palaearctic region there are 28 genera of fishes are found and of
which those belonging to family Cyprinidae are found in abundance.

3. Palaearctic region shows a wide range of temperature, great variations
of rain fall. As the climate becomes more temperate, the conifers give
way only gradually to the broad leaved trees that shed their leaves
seasonally.
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4. Palaearctic region is further divided into four sub regions. European,
Mediterranean, Siberian and Manchurian sub regions.

5. Ethiopian region consists of all of Africa south of sahara desert and the
south western tip of Arabia.

6. Ethiopian region is further divided into four sub regions: East African, West
African, South African and Malagasy sub regions.

7. In Ethiopian region there are 72 genera of birds. Hawks, owl, herons, storks,
weaver birds, fly catcher, crows, starlings, cuckoos, hoopoes, vultures and
ostriches etc. are among common birds.

8. The most common animal of Africa is the many species of antelope.
9. Oriental region embraces tropical Asia, which includes the southern part of

China, India, Burma, Thailand, Laos, Combodia, Vietnam, and the Malayan
Peninsula on the mainland, and the islands of Sri Lanka, Singapore and the
Philippines.

10. In Oriental region, the greatest number of vertebrate species belong to group
Birds (Aves). There are 71 avian families of which 53 families are widely
distributed.

11. There are four sub regions in Oriental region. These are: Indian sub region,
Ceylon and South India sub region, Himalayas and Indo-Chinese sub region,
and Indo-Malayan and Malayan sub region.

12. Australian region includes whole of Australia, New zealand, New Guinea,
Tasmania, the Moluccas and other neighbouring islands, and practically the
whole of islands is the pacific ocean.

13. There are many marsupials, rodents and bats. There are six families, having
about 52 genera of marsupials are distributed here.

14. Black snake, tiger snake, taipan and death adder are the extremely deadly
venomous species.

15. In Australian region there are 58 avian families. Peculiar are the paradise
birds, pigeons, cuckoo, parrot, wablers, honey suckers, flower peckers,
cassowaries, emus, king fisher etc.

16. The Neotropical region extends nearly 5500 miles from north to south,
embraces most of Mexico and the rest of the Central American isthmus,
the whole of South America, Trinidad and Tobaco of West Indian islands
and the Falkland islands. It has the longest and second heighest mountain
range in the world. It has also the world’s largest tropical rain forest in
the basin of the Amezon River, which itself is the World’s largest river.

17. Fourteen families of Anuran Amphibians including Rana, Bufo, Hyla
and Pipa are the most common.

18. Among mammals peculiar are monkey, blood sucking bats, rodents,
sloths, armadillos, ant eaters, dolphins, Ilama, carnivores, marsupials,
sorex and dicotyles. There are several species of seal inhabiting there.
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19. Nearctic region includes Greenland, Canada, the united states (except
Hawaii) and the northern part of Mexico. It extends from Greenland in
the east to the Aleutian island in the west.

20. Among Amphibians urodels are most abundant Siren, Amphiuma,
Ambystoma, Salamanders, frogs, toads, Hyla, Proteus, Necturus, and
Memobranchus.

21. Monotremes and Primates are not found in Nearctic region.

20.10 SUMMARY

The animals distributed over the whole world, but each animal species is
restricted to a definite range or area. Geography of the animal which combine
the animals on the map comprises its zoogeography. Animals present on one
latitude and longitude are not present in other latitude and longitude. The
entire world has been divided into various regions which contain specific
fauna. It was Scalter in 1857, who first of all divided Earth into following six
regions. Palaearctic region, Ethiopian region, Australian region, Nearctic
region, Neotropical region and Indian region.

In 1876 Alfred Russel Wallace classified the Earth into following regions:
Palaearctic, Ethiopian, Oriental, Australian, Neotropical and Nearctic regions.
These regions occupy the area of different sizes and also have different climatic
conditions. These regions also vary in their fauna.

20.11 KEY TERMS

Autobiography:  An account of a person’s life written by that person.
Biogeography: It is the study of the distribution of species and ecosystems
in geographhic, space and through geological time.
Chronology: The study of region or space is called chronology.
Stratigraphical: The study of the composition and relative position of rock
strata. It is the study of layered rocks.

20.12 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Define zoogeographical distribution.
2. Describe the Sclater’s division of earth into various regions.
3. Write down the amphibian fauna of Palearctic region.
4. Describe the reptilian fauna of Oriental region.
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Long Answer Questions
1. Write an essay on zoogeographical distribution.
2. Describe the oriental region.
3. Write notes on the fauna of atleast two regions.
4. Describe the physical features of Palaearctic and Nearctic regions.

20.13 FURTHER READING

1. Darlington, P.J. (1957). Zoogeography. The geographical distribution of
animals.

2. Ebach, M.C. (2015). Origin of biogeography. The role of biological
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CHAPTER 21 EVOLUTION OF MAN
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21.8 Further Reading

21.0 INTRODUCTION

More than a hundred years ago Charles Darwin suggested in his Descent of
Man, a common ancestry for apes and humans based on their similarities in
anatomy and behaviour. During Darwin’s life time, the only human fossils
known were those of our own species, Homo sapiens, such as Neanderthal
Man from Germany and Cromagnon Man from France. These fossils were
not sufficient to declare as the solid evidence regarding the evolution of man.
Ernst Haeckel, a nineteenth century champion of Darwin in Germany further
speculated on human origin and even named the hypothetical ape-to-human
ancestor, Pithecanthropus (literally “ape man”), and he suggested its fossils
would be found in Asia where the roots of civilization seemed to be. In 1891
Eugene Dubois, a young doctor in the Dutch army stationed in Java who was
greately influenced by Haeckel discovered fossils that he named Pithecanthropus
and which today are considered to belong to Homo erectus. In 1918, other
examples of H. erectus were found in China by Davidson Black, so called Peking
Man. These discoveries indicated, temporarily, Haeckel’s notion of Asia being
the central locale of early human origins.

21.1 OBJECTIVES

After going through this chapter, you will be able to:
Describe the relationship between apes and humans.
Know the evolutionary sequence of human evolution.
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Able to discuss the first tool maker?
Know the ancestral form used to bury dead bodies.

21.2 APES IN THE FOSSIL RECORD

21.2.1 Parapithecus and Propliopithecus
Anthropoid apes first appear in the fossil record in the Oligocene epoch, but
these remains are very scant indeed, being known only from two lower jaws
found in Egypt. The first of these was described under the name Parapithecus.
A single jaw gives a very scant basis for judgement, but some conclusions can
be drawn. The first of these is the fact that anthropoids did exist as long ago
as the Oligocene. Parapithecus was a small animal, about the size of the little
squirrel monkey, and it was very primitive. It has the dental formula
characteristic of Old World monkeys and anthropoids, that is, there were in
each half jaw two incisors, one canine, two premolars, and three molars. The
canines were no larger than the adjacent incisors and premolars, unlike the
modern apes in which the canines form powerful tusks. Also, there was no
similar shelf, the shelf of bone connecting the two sides of the lower jaw of
modern apes. The premolars were tarsioid in character, a fact which has been
interpreted to mean that the apes were derived from tarsiers independent of
the monkeys.

In other words, the three superfamilies of the suborder Anthropoidea
may have been separate since their origin in the—late Eocene or early
Oligocene. The molars, however, are anthropoid in character. The second
genus, Propliopithecus, was larger, and more specialized.

21.2.2 Proconsul (Pre-man)
Anthropoid remains from the Miocene are very numerous, especially in east
Africa, where a variety of fossil apes has been found. Some of these, belonging
to the genus Proconsul, range in size from rather small animals up to some
approaching the size of a gorilla. The limb bones indicate that these Miocene
apes were of much lighter build than modern apes. Specialization for
brachialion are either lacking, or very moderate. The teeth of Proconsul show
some moderate specializations in the direction of the great apes.

Fig. 21.1: Skull of Proconsul.
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The skull, however, is more generalized, and resembles those of the smaller
Old Word monkeys. Moreover the brain, as shown by endocranial casts, resembled
those of monkeys rather than anthropoid apes. Such fossil called Shivapithecus
has also been found in India. They are said to be the representatives of ancestral
stock of Gorilla and Chimpanzee. An animal similar to Proconsul, but lacking its
dental specialization could have been ancestral to both the Hominidae and the
Pongidae.

21.2.3 Australopithecus (First Ape Man)
Prof. Raymond Dart, in 1925 discovered fossil remains from a limestone cave
near Tuang. Bucchanaland, South Africa. The fossil remains include a skull consisting
of the face embedded in limestone, cast of brain and the jaw with teeth. This skull
was of an anthropoid ape and was named Australopithecus africanus. From the
same cave he discovered a number of baboon skulls. Actually the skull discovered
by Dart was of a 5 years old baby and it is also called “Tuang baby”. The
Australopithecus africanus became extinct probably because of competition
with modern-day baboons, who now occupy the same niche.

Fig. 21.2: Australopithecus africans.

The skull proved to be that of a 5 year old child will a full set of deciduous
teeth. The brain case could not have belonged to any ape because its capacity
was three times that of a modern baboon and larger than that of an adull
chimpanzee. The face of the skull exhibited a distinct forehead instead of the
receding brow typical of apes. The upper jaw was short and retracted under
the skull another homind feature. Although the child has deciduous teeth, its
permanent teeth were about to emerge at the time of death. The canine teeth
were relatively small, as in humans and from its shape the skull would have been
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positioned on the vertebral column in a manner suggestive of true bipedal gait and
posture. Dart created a new genus and species Australopithecus africanus to
include individual answering this description.

In 1938, a second, stockier kind of Australopithecus was unearthed in
South Africa. Called A. robustus, it had massive teeth and jaws. In 1959, in
East Africa, Mary Leakey discovered a third kind of Australopithecus—A.
boisei (after Charles Boise, an American-born Businessman who contributed
to the Leakey’s projects)—that was even more stockily built. Like the other
australopithecines, A. boisei was very old—almost 2 million years. Nicknamed
“Nutcracker man,” A. boisei had a great bony ridge on the crest of the head
to anchor its immense jaw muscles; the ridge looked like a Mohawk haircut
of bone.

In 1974, anthropologist Don Johanson went to the remote Afar Desert
of Ethiopia in search of early human fossils and hit the jackpot. He found the
most complete, best preserved australopithecine skeleton known. Nicknamed
“Lucy,” the skeleton was 40% complete and over 3 million years old. The
skeleton and other similar fossils have been assigned the scientific name
Australopithecus afarensis. The shape of the pelvis indicated that Lucy was a
female, and her leg bones proved she walked up-right. Her teeth were distinctly
hominid, but her head was shaped like an ape’s. Her brain was no larger than
that of a chimpanzee, about 400 cubic centimetres, about the size of an orange.
Nicknamed Lucy (after the Beatles song “Lucy in the sky with Diamonds”),
this A. afarensis specimen is thought by many paleontologists today to be a
representative of the ancestral group that gave rise to modern humans. More
than 300 specimens of A. afarensis have since been discovered.

The rest of the skeleton gives evidence which corroborates that of the
skulls. The limb bones also indicate that this southern apes may have been
errect or nearly so in posture. There is no indication of the over-development
of the arms which goes with brachiation. The hip bone is characteristically
long and narrow in apes, but in man and in the australopithecines it is broad
and flat, an anatomical feature which is associated with errect posture.

21.2.4 Characteristics of Skull
Brain capacity was 500 cc. similar to that of an Ape.
Its brain was more man-like than that of gorilla or chimpanzee.
The parietal lobe was well developed, fore head more rounded than
that of chimpanzee.
Nuchal crest was reduced.
Palate reduced but larger than in man.
Occipital condyles were anterior.
Ventral position of the foramen magnum.
Erect posture, about 4 feet tall. Weight = 200 kgs.
Eye brow ridges and very prominant but less than in the chimpanzee.
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The jaws protrude out quite prominantly but again less than in the modern
ape.
Pelvic broad and flattened.
They did not know the use of fire, nor living in houses. It is believed that
they were a connecting link between man and apes.

Check Your Progress

1. In which epoth the fossil of Parapithecus was discovered?
2. What was the size of Parapithecus?
3. Describe the number of teeth present in each half of the jaw.

21.3 PRE-HISTORIC MAN

21.3.1 Homo habilis or Handy Man
In 1960 Man’ and Louis Leakey discovered hominid fossils and called this
Homo habilis as “handy man”, because of the associated artefacts formed
with the bones. Then in 1972, Richard Leakey, the son of Mary and Louis
discovered an important fossil along the eastern shore of Lake Turkana in
northern Kenya. This fragmented skull (referred is as “1470” from its museum
catalogue number) had a fairly large brain case almost 75 percent larger than
the Australopithecines.

(a) Origin. Originated about 7.8 lakh years ago in Pleistocene epoch and
lived for about one lakh years.

(b) Cranial capacity. The cranial capacity was 680 to 720 c.c.
(c) Characters. Teeth were smaller than Australo-pithecus, other characters

are not well known.
(d) Culture. Probably used crude stone tools because they were also

unearthed with the fossils.
(e) Homo habilis persisted and emerged about a million years ago as Homo

erectus.
Homo habilis was small in stature arms longer than legs, and a skeleton

much like Australopithecus. Homo habilis had an array of tools to dig plants,
remove skins, and meat, and crush animal bones so that the marrow could be
scooped out. The camp was the center of all activities—sharing, eating,
sleeping. It is even believed that the members of a H. habilis troop could
communicate directly with one another through some form of primitive
language. But the important characteristics of H. habilis is that they
systematically collected, transported, and shared food.

It is believed that a primitive division of labour began in H. habilis
camps. Although every camp member helped search for food, it is thought
that the females spent most of their time collecting berries, nuts, tubers, and
other plant materials for food. Males were probably assisted frequently by
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females. Although meat was eaten, and perhaps favoured, plant materials were
the major components of the diet.

Fig. 21.3: The Evolution of Modern Man. 1. Australopithecus africanus. 2. Australopithecus
robustus. 3. Homo habilis. 4. Homo erectus. 5. Neanderthal man (Homo sapiens
neanderthalensis). 6. Cro-Magnon man (Homo sapiens sapiens).

21.3.2 Homo erectus
This race was supposed to have originated in the middle of Pleistocene about six
lakh years ago. Homo sapiens is literally called “erect man”. Perhaps the most
significant advancement of H. erectus was behavioural. H. erectus was a true
hunting-gathering species, with a complete division of labour among adults.
Males went out from cave sites and hunted for meat instead of just hoping to find
a dead carcass to scavenge from a predator. At first, the hunting bands probably
chased some small animal until it was exhausted and then stoned or beat it to
death. Food was transported back to the camp site. Females spent considerable
time near ttie camp site searching for plant food, which still made up a large
proportion of the daily diet. Some females stayed in camp to care for youngsters.
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H. erectus must have had considerably less body hair than their immediate
ancestors. Their coats of hair would have afforded some warmth on cool tropical
evenings, and the hair would pilo erect (stand on end) during the hot part of the
day to promote cooling. The loss of hair created the heavy pigmentation of skin
that is why it is assumed that H. erectus was black. Secondly, the face to face
coitus made sexual bonds stronger and more enduring. The bonds created between
males and females might have been the beginning of “falling of love”.

H. erectus survived for over a million years, longer than any other species
of human. These very adaptable humans disappeared in Africa only about
500000 years ago, as modern humans were emerging. Interestingly, they
survived even longer in Asia until about 250,000 years ago. This race had
two sub-species:

Java Ape Man
(a) Fossils. It was reported in 1891 from deposits near Solo river in East

Java, by Eugene Dubois. He could trace a skull cap, a portion of
mandible, femur and two teeth. Dubois named it as Pithecanthropus
erectus. Mayr in 1950 assigned it as Homo erectus erectus. Later on
the fossils of this species were found in China, Africa and Germany.

(b) Origin. This species was originated from Homo habilis about 600,000
years ago in mid Pleistocene.

(c) Cranial capacity. The cranial capacity was 750 to 900 cc. intermediate
between man and Gorilla (600 c.c.).

Fig. 21.4: Restored Skull of Homo erectus From Java.

(d) Characters
Body weight about 70 kg, body height about 170 cms.
The structure of the thigh bone closely indicated that the individual had
long, straight legs and was an excellent walker with erect posture.
Face was projecting and chinless. Forehead low and sloping.
Jaws were massive and equipped with a set of huge teeth.
Mandible large, strong and projecting.
He had a broad and flat nose.
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Heavy bony ridges over the eyes.
Lips thick and projecting forwards.

(e) Culture
Probably lived in small groups in caves.
Made stone and bone tools including hard axes, all of definite design for
collective hunting.
Used fire for hunting of large animals and cooking.
Cannibalistic nature was also there.

Peking Man
(a) Fossils. Investigated in 1926 from caves near Peking (now Beijing) in China

by Davidson Black. Similar fossils were also found later on by Dubois and
Weidenreich in Germany and Algeria. Davidson named it as Sinanthropus
pekinensis, while Mayr used the term Homo erectus pekinensis for peking
man.

(b) Origin. This species was originated about 5,00,000 years ago in mid-
Pleistocene.

(c) Cranial capacity. The cranial capacity of peking man ranging from
850 to 1300 c.c., and averaging 1075 c.c.

Fig. 21.5: The Skull of an Adult Female of Homo erectus pekinensis.

(d) Characters
The skull resembles to that of Pithecanthropus in having large supraorbital
ridges.
Heavy bony ridges over the eyes.
A low slanting forehead.
Jaw massive, chinless and rather ape-like.
Nose broad and flat.
The molar teeth were much more human like than those of
Pithecanthropus.
The difference between the size of males and females was greater than in
modern man.
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(e) Culture
Probably lived like Java man.
Made sharp, chisel like stone and bone tools.
Definite evidence of use of fire.
Cannibalism widespread.

Atlantic Man

Also known as Ternifire Man or Atlanthropus mauritanicus.
(a) Fossils. Investigated in 1955 from ternfire deposits of Algeria in Africa.

Similar fossils were found in Morocco and Casablanca.
(b) Origin. This species was originated about 5,00,000 years ago.
(c) Characters. Not well known but they were supposed to be more

advanced than Java and Peking men.

Solo Man
Also Known as Homo soloensis.

(a) Fossils. Found in 1936 on the banks of the Solo river in Java, just a few
miles away from the site where the remains of Pithecanthropus were
buried.

(b) Origin. Originated about 5,00,000 years ago.
(c) Cranial capacity. Solo man had cranial capacity about 1300 c.c.
(d) Characters

Heavy ridges over their eyes.
Forehead less projecting.
Other characters are similar to those of the above forms.

(e) Culture
Used both stone and bone implements.
Cannibalistic.

Rhodesian Man

Also known as Homo rhodesiensis.
(a) Fossils. Its remains were found from cave at Broken Hills in Rhodesia

m 1921. The skull was in an almost perfect state. Skull, left tibia, parts
of the left femur, a sacrum, portions of pelvis and part of upper jaw
were found.

(b) Origin. He lived in the late Pliocene or the early Pleistocene, and in
some respects is more primitive than Java Man.

(c) Cranial capacity. The cranial capacity of H. rhodesiensis was about
1300 c.c.
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(d) Characters
Extremely large eyebrow ridges.
Receding forehead like a gorilla.
Teeth were large.
Supra-orbital ridges were larger.

Heidelberg Man

Also known as Homo heidelbergensis.
(a) Fossils. The fossils were found buried under 25 meters of river sand in a

pit near Heidelberg in Germany in 1907. It consists of a massive lower jaw
with all the teeth.

(b) Origin. Heidelberg man must have lived during one of the interglacial periods,
but it is not clear whether it was the first or second of these, in any case he
lived over 500,000 years ago and was a contemporary of Homo erectus.

(c) Characters
The jaw was massive, heavy and chinless.
The teeth were of moderate size and generally like modern man’s teeth.
The canines did not protrude beyond the other teeth.

(d) Culture
No associated tools found.
It is reiiarded as an ancestor of the Neanderthals.

Migrations

The fossil record shows that H. erectus were wanderers. H. erectus began to
emigrate from Africa, first across the narrow land bridge to Asia, and then
later northward into Europe. Why they began to migrate may never be known.
What is known is that there were no sudden climatic changes in Africa that
would have forced them to disperse into other regions. In fact, the climate in
Europe was becoming much colder, and that should have inhibited exploration.

H. erectus had the first tools of technology, coorperation, food sharing
- and the ability to transport food. Carrying food let to carrying all other
necessary commodities, including water and fire. Thus carrying is a unique
hominid characteristic. H. erectus may have not carried fire from Africa,
although it was carried along the migratory route. A camp site of H. erectus
unearthed near Nice, France, showed that fire had been used. The camp site
is about a million years old. A significant aspect of the camp site is that it had
been rebuilt again and again by later arrivals.

These behavioural charactersitics equipped H. erectus to explore any
habitat. They were no longer tied to wood lands next to water. They could,
and did, conquer the world. Their larger cranium gave them the intelligence
to handle unusual environmental problems. It also gave them an awareness of
the world. Perhaps it was only human curiosity that drove them into the next
valley and over the next mountain range. It was probably inevitable that some
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populations of Homo would be left behind during major migrations. This was
probably the fate of the Neanderthals.

21.3.3 Neanderthal Man
Also known as Homo neanderthalensis.

(a) Fossils. The fossil of first Neanderthal man was found in 1856 in a cave of
the Neander valley near Dusseldorf (Germany).

(b) Origin. Neanderthals lived in Europe for thousands of years during and
after the third and final interglacial period (about 150,000 years ago), and
became extinct only about 25,000 years ago.

(c) Cranial capacity. Neanderthal man is considered as the cousin or uncle of
the modern man. Neanderthal man had a brain as large as or larger than
that of modem man, its capacity being about 1550 c.c. He was indeed a
very capable and intelligent fellow.

Fig. 21.6:  Skull of Neanderthal man.

(d) Characters
Body about 150 to 165 cm tall and powerfully built.
He walked up right, with bent knee.
Skull was large and massive with a thick, bony ridge over the eyes.
Nose broad and short.
Cranium flattened, cranial bones thick.
Forehead was low and sloping, and the lower jaw sloped back without a
chin.
Head was thrust forward.
Limbs stout, short and thick.
Shoulders broad, heavily muscled and stooped forward.
Legs lone and the knees bent forward.

(e) Culture
Most lived in caves, but those in the opens may have built houses.
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Made variety of beautiful tools (scrapers, spearheads, and hand axes)
from flint, and used them in collective hunting. The bears, mammoths,
wooly rhinoceroses, reindeer, and their contemporary animals.
The part of brain involved in speech as well as intelligence was quite
developed. This is suggestive of a social life and language.
Took care of their injured and sick fellows.
Evidences of religions and cultural activities.
As more of the weapons, tools, utensils and ornaments made by
Neanderthal man.
No evidences of agriculture or domestication of animals.
Buried their dead reverently with food, flowers and ornaments.

It is believed that Neanderthals also had a primitive religion and may
even have believed in some form of life after death. In a cave in Northern Iraq
known as Shanidar—Cave, a Neanderthal man has been found who apparently
was buried in a ritual ceremony. The pattern of flowers around the corpse
suggests that they were deliberately placed around the body. The fossil remains
are only an orderly arrangement of pollen grains, but the pollen was sufficient
to identify most the species of flowers used in the burial ceremony. Many of
the plants were herbs commonly used for medicinal purposes later in history.
Neanderthals may not only have been religious or superstitious, but they may
also have had some knowledge of disease and its treatment.

21.3.4 Cro Maganon Man
Also known as Homo sapiens fossilis.

(a) Fossils. Its fossil remains were found in 1864 from rock shelter caves
in France. Similar fossils were also reported from the caves of Italy,
Poland, Czechoslovakia and France.

(b) Origin. Homo sapiens originated about 50,000 years ago and became
extinct about 20,000 years ago.

(c) Cranial capacity. Homo sapiens fossilis had a high cranial capacity of
about 1,000-1,800 c.c.

Fig. 21.7: Skull of Cro-maganon man.



NOTES

Evolution of Man

Self-Instructional
326 Material

(d) Characters
Body 180 cms long.
Head large with broad forehead and facial part broad and upright.
Massive skull.
Jaws heavy and strong.
Chin developed.
Brow ridges low.

(e) Culture
Capable of swift walking and fast running.
Lived in caves in families, with the men hunting by day while the women
remained at home with the children.
Had a complex social organization and are thought to have had for full
language capabilities.
More intelligent and developed culture of very high artistry and
craftsmanship.
He was expert in making weapons and tools, from stones, bones and
horns. They made advanced stone tools called Aurignacian tools.
The stone flaker were fitted to a wooden handle.
He was a hunter and also an artist. He made beautiful cave paintings
throughout Europe.
Used fire and clothing.
Buried dead bodies with religious ceremonies.
No evidence of agriculture or domestication of animals except of
dogs.

21.3.5 Modern Man (Homo sapiens sapiens)
(a) Fossils. It includes all the existing men and also some extinct ones. A

fragmentary skull, found at Swanscomba in Kent (England), is supposed
to belong to Homo sapiens.

(b) Origin. Homo sapiens first began to appear about 3,00,000 years ago.
They are believed to have originated in Asia around Caspian Sea.

(c) Cranial capacity. Cranial capacity of modern man about 1450-1600
c.c.

(d) Culture
The study of cultural evolution has been made in three phases.
Poleolithic phase. Evolution only of knowledge of hunting and art.
Evolution of domestication of animals; beginning of some crude
language for speech and writing.
Neolithic phase. Gradual evolution of agriculture, domestication,
marriages, villages, education, science and knowledge etc.
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Human beings are diverse but even so we are all classified as H. sapiens
sapiens. This is consistent with the biological definition of species because it is
possible for all types of humans to interbreed and to bear fertile offspring. While it
may appear that there are various “faces” molecular data shows that the DNA
base sequence varies as much between individuals of the same ethnicity as between
individuals of different ethnicity.

It is generally accepted that the phenotype is adapted to the climate of a
region. Although it might seem as if dark skin is a protection against the hot rays of
the sun, it has been suggested that it is actually a protection against ultraviolet ray
absorption. Dark-skinned persons living in southern regions and white-skinned
persons living in northern regions absorb the same amount of radiation. (Some
absorption is required for vitamin D production.) Other features that correlate
with skin colour, such as hair type and eye colour, may simply be side effects of
genes that conrol skin colour.

Difference in body shape represent adaptations to temperature. A squat
body with short limbs and a short nose retains more heat than an elongated
body with long limbs and a long nose. Also, almond-shaped eyes, a flat nose
and forehead, and broad cheeks are believed to be adaptations to the last Ice
Age.

While it always has seemed to some that physical differences warrant
assigning humans to different “races,” this contention is not borne out by the
molecular data mentioned previously.

Recent Finding in India

Recently Dr. Wakanker discovered the first fossil remains of Bhimbetkian.
The fossil remains include skull and other bones. It is about 25 to 60 thousand
years old found in earth from Bhimbetka near Bhopal. It is believed to be the
new and earliest remains of Homo sapiens in India. Paintings, other bones
and tools were also found which were used by such cavemen. One bead was
also found along with the skull indicating that they wore ornaments.

Their characteristics include:
Prominent eye ridges.

 Frontal bone some what inclined.
 More wide eye sockets.
 Massive and bigger jaws as compared to present man.
It was a voracious feeder.

Check Your Progress

4. What is the another name of Homo habilis?
5. Who is the first erect man?
6. Describe the man used fire for the first time.
7. Write down about the Homo-neanderthalensis.
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21.4 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. The fossil of Parapithecus first appeared in Oligocene in the form of
two lower jaws in Egypt.

2. Parapithecus was a small animal, about the size of the little squirrel monkey,
and it was very primitive.

3. The teeth reported from each half of the jaw of Parapithecus included:
two incisors, one canine, two premolars and three molars. This dental
formula resembles with that of old world monkey and anthropoids.

4. Homo habilis is commonly known as handy man.
5. Homo erectus is literally called erect man.
6. Homo erectus was the first to use the fire for hunting and cooking.
7. The fossils of Homo-neanderthalensis was found in the cave of Neander

valley in Germany. It had brain as large as or larger than that of modern
man. Took care of their injured and sick fellows. Evidences of religion
and culture. Buried their deads reverently with ornaments.

21.5 SUMMARY

Man evolved from monkey or ape like ancestors as suggested by Charles
Darwin more than a hundred years ago in his descend of man. Later supported
by Ernst Haeckel Eugene Dubois and later Davidson Black. Changes reported
during evolution include: erect posture, liberation of hands to obey brain,
reduction of muzzle and of size of teeth, diminution of brow rides, development
of brain (cranial capacity), communal life, division of labour etc. Primates
like tree shrews, lemurs, tarsiers attract attention to know about the evolution
of man.

Old world as well as New world monkeys also remain attractive while
studying descend of man. Apes recorded from fossil record Parapathecus,
Propliopithecus, Aegyptopithecus, Proconsul, Dryopithecus,  Oreopithecus,
Australopithecus, Kenyapithecus, Ramapithecus, developed their
evolutionary importance. In prehistoric man Homo habilis, Homo-erectus,
(Jawa man and Peking man), Rhodesian man, Heidelberg man, Neanderthal
man, Cromagnon and Modern (Homo sapiens) man played their significant
roles in evolution.

21.6 KEY TERMS

Archaic Homo sapiens: A variety or species of humans that was
intermediate between Homo erectus and modern man (Homo sapiens).
Biface:  A stone tool that is shaped on two faces or sides. Hand axes are
examples of bifaces.
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Cranial capacity: The volume displaced by the brain within a cranium or
skull case.
Subtropical: Referring to climatic regions in between tropical and temperate
zones.

21.7 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. Name the place where man evolved from monkey or ape like ancestors.
2. Write down four features of Java ape man.
3. Describe the main features of Neanderthal man.
4. Write down the changes occurred in human beings during evolution.

Long Answer Questions
1. Write an essay on human evolution.
2. Write notes on the origin of primates.
3. Describe the various types of primates involved in human evolution.
4. Discuss the prosimians reported in the fossil record of man.
5. Describe the apes in the fossil record of human evolution.
6. Write an account on prehistoric man.
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22.0 INTRODUCTION

Earth originated about six billion years ago and life originated about three
billion years ago. The earth’s crust consists of five major rock strata, each
subdivided into minor strata, lying one on top of the other. These sheets of
rock were formed by the accumulation of sediments mud or sand at the bottom
of oceans, seas and lakes, and each contains certain characteristic fossils that
serve to be identified as deposits made at the same time in different parts of
the world. Based on evidences of life on earth in the past and from the dating
techniques of geochemistry, past time has been subdivided into a number of
divisions as described stepwise in following paragraphs.

Dating of radioactive materials reveals that some rocks on earth are at
least 3.7 or 3.8 billion years old. During the last century, long before the
discovery of radioactivity, it became apparent that very old sedimentary rocks
contain no identifiable fossils. Beginning with these rocks and examining
progressively younger rocks in any region, early geologists discovered that
fossils became abundant at a certain level. This level became the boundary at
which all of geologic time was divided into two major intervals. The oldest
rocks with conspicuous fossils were designated as Cambrian in age, and still
older rocks became known as Precambrian rocks. Today the Precambrian
designation is still used informally, but specifically called the Cryptozoic Eon.
It is formally divided into the Archean Eon and the Proterozoic Eon, with
the boundary between these two eons placed at 2.5 billion years ago.
Subsequent geologic time, from Cambrian Eon, constitutes the Phanerozoic
Eon, meaning the “interval of well-displayed life.”
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Phanerozoic time is divided into three primary intervals, or eras, which the
history of life on earth serves to define. The earliest is the Paleozoic Era, or the
“interval of old life.” This is followed by the “interval of middle life,” or the Mesozoic
Era, which is commonly called the Age of Dinosaurs, and by the “interval of
modern life,” or the Cenozoic Era, which is informally designated as the Age of
Mammals.

The eras are divided into shorter time units called periods; periods
may in turn be divided into epochs. The eras, periods, epochs, and divisions
of epochs, called ages, all represent intangible increments of pure time. They
are geologic time units. The rocks formed during a specified interval of time
are called time-rock units. For example, strata laid down during a given
period compose a time-rock unit called a system. Each of the geologic systems
is recognized largely by its distinctive fauna and flora of fossils. The fossils
are different in stage of evolution from other fossils in both older and younger
systems. Series is the time-rock term used for rocks deposited during an
epoch, whereas stage represents the tangible rock record of an age.

The first geologic time scale was developed by Giovanni Avduina, an
Italian scientist in 1760. Geologic time has been divided into era, periods, and
epochs (discussed already) according to the succession of these rock strata
one on top of the other. The duration of each period or epoch can be estimated
from the relative thickness of the sedimentary deposits, although obviously,
the rate of deposition varied at different times and in different places.

The layers of sedimentary rock occur in the sequence of their deposition,
with the newer, later strata on top of the older, earlier one.The major division
of earth are the eras. Between the different eras there were widespread
geological disturbances known as revolutions in which large parts of existing
forms of life were destroyed.

22.1 OBJECTIVES

After going through this chapter, you will be able to:
Know the age of earth.
Understand the meaning of Era, Periods and Epochs
Describe the evolutionary sequence of organisms.

22.2 CRYPTOZOIC EON

22.2.1 Archeozoic Era
Beginning. About 3600 million years ago.
Life. It is probable that organic compounds must have appeared in that
reducing atmosphere covering the earth’s surface. Some evidences of
organic life are restricted to organic carbon deposits found in some
rocks. The heat, pressure and churning associated with these movements
probably destroyed most of the fossils, but some evidence of life still
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remains. Scattered throughout the Archeozoic rocks are traces of
graphite or pure carbon, which are probably the transformed remains
of plant and animal bodies. If the amount of graphite in these rocks can
be taken as a measure of the amount of living things (and this seems to
be valid), then life must have been abundant in the Archeozoic era to
iron formations which resemble those laid down by iron bacteria, and
similar more or less questionable bits of data as described by Barghoorn
and Schoph. However, none was recognised as fossils.

22.2.2 Proterozoic Era
Beginning. About 1600 million years ago.
Life. Although no well-preserved fossils are found, yet some evidences are
there about the presence of annelid worms, algae, spicules of sponges,
jellyfishes and the remains of fungi and brachiopods. However, no clear
picture of evolutionary processess during this time can be assembled. The
first organisms were quite possibly soft bodied and were strengthened only
by spicules of calcium carbonate.

22.2.3 Paleozoic Era
Beginning. About 600 million years ago.
Life. Members of every phylum and class of animals appeared except the
birds and mammals.
This era is further divided into following periods:
1. Cambrian period

Beginning. About 600 million years ago.
Life. Fossils are abundant in the earliest Cambrian rocks. Marine
algae had become highly diversified during Cambrian period. It
is probable that most of the major lines leading to the phyla of
modern animals were established during pre-Cambrian or very
early Cambrian times. The forms living in this period were so
varied and complex that they must have evolved from ancestors
dating back to the Proterozoic era. at the latest, and possible to
the Archeozoic era.

Fig. 22.1: Typical Trilobites of the Cambrian Seas.
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The sea floor was covered with simple sponges, corals, echinoderms
growing on stalks, snails, primitive cephalopods, brachiopods and
trilobites. Brachiopods, sessile, bivalved plankton feeders, flourished
in the Cambrian and the rest of the Paleozoic. All the present-day
animal phyla, except the chordates, were represented, and all plants
and animals lived in the sea. (The land must have been a weird, lifeless
waste until the late Ordovician or Silurian when plants became
established on land.) The Trilobites were primitive arthropods with
flattened, elongated bodies covered dorsally by a hard shell. The
shell had two longitudinal grooves that divided the body into three
lobes. There were a pair of legs on each somite but the last and each
leg had an outer gill branch and an inner walking or swimming branch.
Most trilobites were 5 to 8 cm. long, but a few were as long as 60
cm. There were both unicellular and multicellular algae. Their decline
took place in the middle of the Paleozoic era and became extinct by
the end of this era.

2. Ordovician period
Beginning. About 500 million years ago.
Life. Abundant marine algae. Warmth and high humidity meant that
biotic pressures growing out of intra and inter-specific competition
and co-operation were especially important in natural selection. Most
primitive Cambrian forms were disappearing. Corals arose and coral
reefs started their beginning. While molluscans were becoming
diversified, echinoderms were being established. Nautiloid
cephalopods and brachiopods were at or near their peak.
Trilobites were also present. The traces of first vertebrates are
found in Ordovician rocks, these small Ostracoderms were
jawless, armoured, bottom dwelling fishes without fins. Their
armour consisted of a heavy, bony covering over the head and
thick scales over the trunk and tail, otherwise they were similar
to the jawless lamprey eels of today. They were probably
freshwater.

3. Silurian period
Beginning. About 425 million years ago.
Life. Algae remained dominant among plants with the appearance
of first known land plants indicating the establishment of
terrestrial life. The first land plants resembled ferns rather than
mosses. The chief invertebrates of this period were graptolites,
brachiopods, corals, echinoderms, bryozoans and molluscs. The
first definitely identified barnacles were also found in Silurian
deposits. The most dramatic change, possibly attached with
competition from the newly developed stock of fishes and
eurypterids, was the beginning of the decline of nautilid
cephalopods and the trilobites. The air breathing land animals were
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arachnids, resembling to some extent modem scorpions. There was
rise in fishes.

4. Devonian period
Beginning. About 405 million years ago.
Life. Establishment of first-ever forests took place and first
gymnosperms made their appearance. A few findings of spiders,
mites, millipedes and scorpions indicate that the arthropods were
establishing themselves in that newly developed woodlands,
specially in more humid regions. There evolved a great variety of
fishes, and the period is frequently called the Age of fishes. Some
descendants of the Ostracoderm evolved jaws and paired
appendages.
There were abundant Placoderms (spiny skinned sharks)—the
small armoured fresh water fishes with a variable number of paired
fins. One of the best placoderms is Dunkleosteus, a monster that
attained a length of 3 metres. True sharks appeared in fresh water
during the Devonian but tended to migrate to the ocean. The
ancestors of the bony fishes also appeared in Devonian fresh water
streams and had evolved by the middle of the Devonian into three
main types: lungfishes, lobe finned fishes and ray finned fishes.
All had lungs and an armor of bony scales.
The later part of the Devonian was marked by the appearance of
the first land vertebrates, called Labyrinthodonts, clumsy,
salamander like, ancient amphibians with short necks and heavy
muscular tails. They had strong limbs to support the weight of
the body on land. These earliest arms and legs were five-fingered.
The Devonian was the first period characterized by true forests;
ferns, club mosses, horse-tails and primitive gymnosperms—the
“seed ferns”—all flourished. Insects and millipedes are believed
to have originated in the late Devonian.

5. Carboniferous period
With two divisions:
Mississippian period (Lower carboniferous)

Beginning. About 345 million years ago.
Life. Terrestrial plant life continued to develop with gymnosperms
becoming more and more prevalent. The period was dominated
by horsetails and bullrushes. Among animals sharks ruled the
seas and amphibians being common, were becoming diversified.
Trilobites continued their steady decline. Progressive groups had
become stronger: orinoids and blastoids reached their peak and
the ammonoids made further gains. Crustaceans continued further
to differentiate. Flying insects also became established.
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Pennsylvanian period (Upper carboniferous)
Beginning. About 320 million years ago.
Life.  During this time there flourished the great swamp forests whose
remains gave rise to the major coal deposits of the world. The land
was covered with low swamps, filled with horsetails, ferns, seed ferns
and large-leaved evergreens and gymnosperms. Among animals,
amphibians ruled the period and first reptiles, the Cotylosaurs (stem
reptiles) similar to their antecedent amphibians, appeared in the
Pennsylvanian period, flourished in the final Paleozoic period—the
Permian—and became extinct early in the Mesozoic era. Seymouria
(for the town in Texas near which its fossil remains were found)—the
most primitive reptile was a large, sluggish beast resembling a lizard.
Its short, stubby legs extended laterally from the body. Two important
groups of winged insects evolved during the Carboniferous—the
ancestors of the cockroaches, which reached a length of 10 cm.,
and ancestral dragonflies, some of which had a wingspread of 75
cm. The sessile marine forms appeared to have gradually declined
while other progressive forms became more differentiated. There
is some evidence of the increasing importance of freshwater
habitats, as well. This is the Age of Amphibians.

Fig. 22.2: Evolutionary Representation of Reptiles, Birds and Mammals.

6. Permian period
Beginning. About 280 million years ago.
Life. Due to great changes in conditions, large number of ancient
flora and fauna died out. Horse-tails and bull-rushes declined
markedly while corresponding gymnosperms appeared. Rise of
modern insects took place. The reptiles were undergoing
adaptation establishing their ancient reptile stock. Many primitive
invertebrates like tabulate corals, ectoprocts, blastoids, trilobites
became extinct. Some fishes too became extinct. From the
primitive cotylosaurs there evolved during the late carboniferous and
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early Permian the group of reptiles believed to be in the direct line
giving rise to the mammals. These were the Pelycosaurs, carnivorous
reptile. Towards the end of Permian there evolved, probably from
Pelycosaurs, another group of reptiles with a few more mammalian
characteristics—the Therap-sids became widespread in the late
Permian, but were crowded out in early Mesozoic era.

Fig. 22.3: A Permian Cotylosaur Reptile, Limnoscelis; Length About 5 Feet.

22.2.4 Mesozoic Era
The Mesozoic era began about 230,000,000 years ago and lasted some
167,00,000 years. The outstanding feature of the Mesozoic era was the origin,
differentiation and final extinction of a great variety of reptiles. For this reason
the Mesozoic is commonly called the Age of Reptiles. The Mesozoic Era has
three periods:

Triassic period

Beginning. About 230 millon years ago.
Life. Seed ferns had become extinct and the gymnosperms became
predominant. Primitive amphibian stocks became extinct while the reptile
continued to spread and dominate. Rise of dinosaurs also took place.
Molluscan groups were changing to more modern type. It is probable
that on the land the new terrestrial groups were diversifying like the
reptiles but the records are not abundant. First primitive mammals
appeared.
In the middle Triassic lake beds in Turkestan a fossil of small thecodont
animal was discovered by the Russian palaeontologist—A. Sharov. This
reptile was named as Longisquama. Its body was covered by long
overlapping scales that were keeled, suggesting that they constituted a
structural stage in the evolution of feathers. The long device along the
back were V shaped in cross section, they may have served as parachutes
and also as threat devices.

Jurassic period

Beginning. About 180 million years ago.
Life. With the decline of older plants, new plants were spreading.
Dicotyledonous plants were increasmg. The dinosaurs were growing
in size and becoming specialised for various conditions of life. First toothed
birds appeared. This toothed bird was the Archaeopteryx. It was about
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the size of a crow with a long reptilian tail covered with feathers. Marsupial
mammals also made their appearance. This period is much influencive in
invertebrate history. However, the most remarkable developments were
occurring in the cephalopods.
Russian paleontologist—A. Sharov discovered another fossil off lying
reptile—Sorduspilosus. This was a Pterosaur of the Jurassic period
that was a descendant of thecodonts or of very early dinosaurs. Superbly
preserved fossils show that the animal was insulated with a dense growth
of hair or hairlike feathers; hence the name, which means “hairy devil”.
Insulation strongly suggests endothermy.

Cretaceous period

Beginning. About 135 million years ago.
Life. More modem plants were developing. The gymnosperms were
declining with the establishment of oak and maple forests. Monocotyle-
donous plants appeared. Extinction of dinosaurs started and by the end
of the period, they were off the line. The first modem birds appeared
while toothed birds disappeared. First placental mammals appeared. The
cretaceous rocks have yielded fossils of two other primitive birds—
Hesperornis, an aquatic living bird that had lost the ability to fly, and
Ichthyornis, a powerful flying bird, about the size of a pigeon, with
reptilian teeth.

22.2.5 Cenozoic Era
We are living in this era. It began about 60 million years ago. It is divided into
two periods:

Tertiary period

The name Tertiary leads us back to the time when geology was just beginning
as a science. Giovanni Arduino suggested the name Tertiary in 1759. The
tertiary period is subdivided into five epochs, named from earliest to latest,
Paleocene, Eocene, Oligocene, Miocene and Pliocene.

(a) Paleocene epoch (Wilhelm Schimper, 1874)
Beginning. About 63 million years ago.
Life.  Rise of archaic mammals started with the decline of very
primitive mammals.

(b) Eocene epoch (Charles Lyell, 1832)
Beginning. About 58 million years ago.
Life. With the extinction of primitive mammals, rise of modern
mammals started. Carnivores and hoofed mammals were developed.
Ancestors of deer, pig and camel also appeared in this epoch. There
were bats in the air and whales in the ocean.
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(c) Oligocene epoch (August von Beyrich, 1854)
Beginning. About 36 million years ago.
Life. Maximum expansion of forests took place. Anthropoids established
and many modern genera of mammals first appeared during this epoch.

(d) Miocene epoch (Charles Lyell, 1832)
Beginning. About 25 million years ago.
Life. Deserts began in southwest United States. Grasslands began in
many areas. The epoch is the Golden Age of Mammals. First manlike
ape appeared. Miocene deposits of the southern continents contain
abundant fossils of the edentates, ground sloths, armadillos and other
bizarre native herbivores.

(e) Pliocene epoch (Charles Lyell, 1832)
Beginning. About 13 million years ago.
Life. With decline of forests. Deserts and grasslands started spreading.
Among animals rise of some modern species took place. Man for the
first time appeared in this epoch.
As a whole, the tertiary period is known as Age of Mammals.

Quaternary period

In 1829, the French geologist, Jules Desnoyers proposed the term Quaternary
for certain sediments and volcanics exposed in northern France. These deposits
contained few fossils. Charles Lyell divided Quarternary into Pleistocene
epoch, composed primarily of deposits formed during the glacial ages, and
the younger Recent epoch.

(a) Pleistocene epoch
Beginning. About 1 million years ago.
Life. Plants and animals were forced to migrate with changing
climates. Larger mammals became extinct. Rise of modern species
of mammals. First human social life appeared. This epoch is considered
to be the end of age of mammals.

(b) Recent epoch
Beginning of world civilization and rise of mental life. This epoch is
the Age of Man.
Beginning. About 0.011 million years ago.

Check Your Progress

1. Which is the Era of Ancient life?
2. Which is the age of fishes?
3. In which Era reptiles dominated the earth?
4. Which is the age of mammals?
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22.3 ANSWERS TO ‘CHECK YOUR PROGRESS’

1. Paleozoic era is known as era of ancient life.
2. Devonian period of Paleozoic era is said to be the age of fishes.
3. In Cretaceous period of Mesozoic era, reptiles (dinosaurs) dominated the

earth.
4. Cenozoic era is also known as the age of mammals.

22.4 SUMMARY

Earth originated about six billion years ago and life originated about three billion
years ago. Fossils are found mainly in the sedimentary rocks. Dating of radio-
active materials helps in detecting the age of rocks as well as of fossils. The oldest
rocks with conspicuous fossils were designated as cambrian in age and still older
rocks became known as precambrian rocks. The age of Earth can be divided into
era, periods and epochs. The layers of sedimentary rock occur in the sequence of
their deposition with the newer strata on the top of the older earlier one. The
traces of first vertebrates (Ostracoderm) are found in Ordovician rocks. Devonian
is known for the age of fishes and also for the first land vertebrates
(Labyrinthodonts), Carboniferous for first reptiles (Cotylosaurs) and age of
Amphibia, Merozoic era is called the age of reptiles. Cretaceous period represents
the age of Dinosaurs and similarly Coenozoic era is known for mammals and
recent epoch for human being (Age of Man).

22.5 KEY TERMS

Absolute dating: A means of estimating the age of rocks with some degree
of accuracy using measurements of radioactive isotops.
Decay:  The change from one element or isotope to another. Only certain
isotopes decay.
Fossil: Evidence or trace left in rock of an ancient organism. A fossil may
be a bone, shell, leaf impression, footprint, insect in amber etc.
Half life: The amount of time it takes for half the atoms of a radioactive
isotope to decay.
Paleontology: the scientific study of ancient life, through examination of
fossil remains.
Stratification: The accumulation of material in layers or beds.
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22.6 SELF-ASSESSMENT QUESTIONS AND
EXERCISES

Short Answer Questions
1. What is geochronology?
2. Who has developed the first geologic time scale?
3. Explain the term Grand Canyon.
4. Name all the periods of Paleozoic era.

Long Answer Questions
1. Write an essay on the geological division of Earth.
2. Write notes on the Paleozoic Era.
3. Describe periods and epochs of Cenozoic Era with examples.
4. Discuss the Mesozoic era along with its periods.
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