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MODULE INTRODUCTION

Course has five MODULEs. Under this theme we have covered the
following topics:

MODULE 1 INTRODUCTION TO CHORDATE
MODULE 2 CHORDATE I

MODULE 3 COMAPARATIVE ANATOMY |
MODULE 4 COMPARATIVE ANATOMY I

MODULE 5 COMPARATIVE ANATOMY I

The book will explore the anatomical and physiological adaptations of
chordates, comparing their structures across different taxa to highlight
evolutionary relationships, functional morphology, and ecological
significance. This book is designed to help you think about the topic of the
particular MODULE.

We suggest you do all the activities in the MODULEs, even those which you
find relatively easy. This will reinforce your earlier learning.



MODULE 1
INTRODUCTION TO CHORDATES

Objectives:

e Students will be able to recall the definition of chordates and state
their position in the animal kingdom.

e Students will be able to explain the fundamental diagnostic
features of chordates (notochord, dorsal hollow nerve cord,
pharyngeal slits, post-anal tail, endostyle/thyroid gland).

e Students will be able to compare and contrast chordates with non-
chordates based on structural and functional attributes.

e Students will be able to assess the evolutionary importance of
chordates and integrate their role in animal diversity and
adaptation.

UNIT 1.1

ORIGIN OF CHORDATES: fishes, amphibia, reptiles, aves and
mammals

1.1Introduction

The chordates form one of the most advanced groups in the animal
kingdom, encompassing animals ranging from the simple tunicates to the
highly complex vertebrates, including humans. The unique structural
features that define the group — the notochord, dorsal hollow nerve cord,
pharyngeal gill-slits, post-anal tail, and endostyle or thyroid — have placed
chordates at the center of evolutionary studies. The question of how such
a group originated has fascinated zoologists and evolutionary biologists
for more than a century. Theories of chordate origin are not merely
speculative, but are based on comparative anatomy, embryology,
palaeontology, and more recently, molecular phylogenetics. By studying
these theories, one not only understands the ancestry of vertebrates but
also gains insights into the evolutionary processes that shaped the diversity
of life.

1.1.1 Definition and characteristics

Chordates are characterized by five basic features that appear at some
stage of development in every member of the phylum. The notochord is a
flexible rod-like structure that provides skeletal support. The dorsal hollow
nerve cord, in contrast to the ventral nerve cord of many invertebrates,
serves as the precursor to the central nervous system. Pharyngeal gill-slits,
which may persist in adults or only appear transiently during embryonic
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development, are primarily associated with filter-feeding in primitive
chordates and respiration in fishes. The post-anal tail is an extension of the
body beyond the anal opening, aiding locomotion in many groups. Finally,
the endostyle or its derivative, the thyroid gland, plays an important role
in metabolism and filter-feeding. These features together distinguish
chordates from all other phyla and set the stage for their evolutionary
history.

The Problem of Chordate Origin

Understanding the origin of chordates involves two parallel approaches:
one based on the comparison of living forms and the other on fossil
evidence. The living invertebrates that show some affinities with chordates
include echinoderms, hemichordates, and urochordates. Each has been
proposed at one time or another as the ancestral stock from which
chordates might have arisen. Fossil discoveries, especially from the
Cambrian period, provide additional clues. Taken together, these two lines
of evidence have given rise to multiple theories, each emphasizing a
different lineage or process.
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Fig 1.1: Origin of chordates

1.1.2Theories of Chordate Origin
1.The Echinoderm Theory

One of the earliest and most influential theories is the echinoderm theory,
proposed by Walter Garstang in 1928. According to this theory, chordates
evolved from echinoderm-like ancestors through a process known as
neoteny. Garstang observed striking similarities between the dipleurula
larva of echinoderms and the tornaria larva of hemichordates. Both larvae

exhibit bilateral symmetry, ciliary bands, and tripartite coelomic cavities.
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Garstang argued that the larval stage of echinoderms became sexually
mature without metamorphosing into the radially symmetrical adult stage,
giving rise to a new bilaterally symmetrical lineage. This neotenic larva,
retaining primitive features, eventually developed into a protochordate
form.

Although imaginative and elegant, the echinoderm theory has certain
drawbacks. The adult echinoderms exhibit a radical departure in body
organization, such as pentamerous radial symmetry and water vascular
system, which are alien to chordates. For this reason, many modern
biologists regard echinoderms as too specialized to be the direct ancestors
of chordates. Nonetheless, Garstang’s theory remains significant as it
highlights the importance of larval forms in evolutionary transitions.

2.The Hemichordate Theory

Hemichordates, represented by animals like Balanoglossus, once formed
a subphylum within Chordata because they share certain features with true
chordates, such as pharyngeal gill-slits and a structure called the
stomochord, which was thought to be homologous with the notochord.
Early zoologists thus believed that chordates arose directly from
hemichordate-like ancestors. However, further research showed that the
stomochord is structurally and embryologically different from the
chordate notochord, and that hemichordates share more affinities with
echinoderms than with chordates. Molecular evidence confirms that
hemichordates and echinoderms together form a clade called
Ambulacraria, which is the sister group of Chordata. Thus, while
hemichordates may not represent the direct ancestors of chordates, they do
provide valuable information about early deuterostome evolution.

3.The Urochordate and Cephalochordate Theory

Modern research strongly supports the view that urochordates and
cephalochordates hold the key to chordate ancestry. Urochordates
(tunicates) are particularly significant because their free-swimming
tadpole-like larva possesses all the diagnostic features of chordates, even
though the sedentary adult loses most of them. This has led many scientists
to consider tunicate-like ancestors as the immediate precursors of
vertebrates. Cephalochordates, represented by  Amphioxus
(Branchiostoma), are often described as living fossils, retaining chordate
features throughout life in a relatively unspecialized state. Comparative
genomics has revealed that urochordates are genetically closer to
vertebrates than cephalochordates, suggesting that the vertebrate lineage
diverged from a tunicate-like ancestor. Cephalochordates, meanwhile,
represent an early offshoot that preserves the primitive chordate body plan.
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Fossil Evidence

The fossil record provides crucial insights into the origin of chordates. The
earliest known chordate-like fossil is Pikaia, discovered in the Burgess
Shale deposits of Canada, dating back about 530 million years. Pikaia
displayed a notochord, myomeres, and other features typical of primitive
chordates. In the Early Cambrian deposits of China, fossils such as
Haikouella and Haikouichthys have been found, which exhibit
characteristics intermediate between cephalochordates and vertebrates.
Haikouella, for example, shows evidence of a brain, gills, and circulatory
structures, while Haikouichthys is regarded as one of the earliest true
vertebrates. Other fossils, such as Yunnanozoon, are considered to
represent basal deuterostomes that help bridge the gap between
invertebrates and chordates. These findings underscore the idea that
chordates originated during the Cambrian explosion, a period of rapid
evolutionary diversification around 540 million years ago.

Evolutionary Relationships and Molecular Evidence

Molecular phylogenetics has revolutionized our understanding of chordate
origins. DNA sequencing and molecular clock studies indicate that
chordates belong firmly within the deuterostome lineage, which also
includes echinoderms and hemichordates. Within the chordates, analyses
of whole genomes have shown that vertebrates and urochordates are sister
groups, with cephalochordates diverging earlier. This molecular evidence
aligns with the embryological and anatomical data that highlight tunicates
as the closest living relatives of vertebrates. Thus, the modern consensus
is that chordates evolved from a deuterostome ancestor, with urochordates
and cephalochordates representing the nearest surviving lineages to
vertebrates.

Origin of Fishes

Fishes represent the earliest and most primitive vertebrates. The fossil
record shows that fishes originated in the Cambrian period, with soft-
bodied forms like Haikouichthys and Myllokunmingia, discovered in
Chinese deposits, being regarded as the earliest vertebrates. These small
jawless fishes exhibited notochords, gill structures, and primitive vertebral
elements.

The first significant radiation of fishes occurred in the Ordovician and
Silurian periods with the rise of ostracoderms — jawless, armored fishes.
Though extinct today, ostracoderms represent the earliest known
vertebrates with bony exoskeletons. From these primitive jawless forms,
two major lineages emerged: the jawless agnathans (cyclostomes like
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lampreys and hagfishes, which survive as living fossils) and the
gnathostomes (jawed vertebrates).

The origin of jaws from the modification of anterior gill arches was a
crucial evolutionary step. It allowed gnathostomes to diversify into
predatory niches, giving rise to the cartilaginous fishes (Chondrichthyes)
such as sharks and rays, and the bony fishes (Osteichthyes). Within
Osteichthyes, the lobe-finned fishes (Sarcopterygii) were particularly
significant, as their fleshy paired fins with internal skeletal elements
formed the evolutionary foundation for the limbs of tetrapods. Thus, the
origin of fishes set the stage for the subsequent conquest of land by
vertebrates.
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Fig 1.2: Phylogeny of fish

Origin of Amphibians

Amphibians were the first vertebrates to transition from an aquatic to a
terrestrial mode of life. Their origin can be traced to the Devonian period,
often called the “Age of Fishes,” when lobe-finned fishes flourished.
Fossil evidence from genera such as Eusthenopteron shows fish-like
features with limb bones resembling those of tetrapods. Transitional forms
such as Tiktaalik (discovered in 2004) highlight this evolutionary shift: it
had both fish-like scales and gills, as well as tetrapod-like limbs capable
of supporting its body in shallow water.

The earliest true amphibians appeared in the Late Devonian and
Carboniferous periods. Genera such as Ichthyostega and Acanthostega
represent these pioneering tetrapods. They retained many aquatic traits,
including lateral line systems and internal gills, but also developed lungs
and stronger limb girdles for movement on land.
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Amphibians were thus the evolutionary bridge between fishes and fully
terrestrial vertebrates. However, they remained tied to moist environments
for reproduction, as their eggs lacked protective shells. This limitation
provided the ecological opening for the rise of reptiles.
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Fig 1.3: Phylogeny of amphibians

Origin of Reptiles

Reptiles originated in the Carboniferous period from amphibian ancestors.
The most crucial innovation in reptile evolution was the amniotic egg,
which possessed a protective shell and extraembryonic membranes
(amnion, chorion, and allantois). This adaptation liberated reptiles from
the dependence on water for reproduction, enabling them to colonize dry
terrestrial habitats.

The earliest reptiles, often grouped under “stem reptiles” such as
Hylonomus (about 315 million years ago), resembled lizard-like animals
with scaly skin, robust limbs, and improved lung ventilation. Reptiles
developed more advanced excretory systems, laying uric acid instead of
ammonia or urea, which minimized water loss.

During the Mesozoic era, reptiles underwent spectacular adaptive
radiations, producing lineages such as dinosaurs, pterosaurs, ichthyosaurs,
and plesiosaurs. Crocodilians, turtles, snakes, and lizards represent
survivors of this vast reptilian radiation. The reptilian body plan thus laid
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the foundation for two important evolutionary offshoots: birds and
mammals.
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Origin of Birds (Aves)

Birds represent a specialized group of reptiles that achieved the power of
flight. Fossil evidence strongly supports their origin from theropod
dinosaurs, particularly small carnivorous coelurosaurs. The most famous
transitional fossil, Archaeopteryx lithographica, discovered in the Jurassic
limestone deposits of Germany, provides a clear link. Archaeopteryx
possessed feathers and wings like modern birds, but also retained reptilian
features such as teeth, a long bony tail, and clawed fingers.

Modern birds have evolved lightweight skeletons, a keeled sternum for
flight muscle attachment, and highly efficient respiratory systems
involving air sacs. Feathers, originally believed to have evolved for
insulation and display, later became adapted for flight. The avian lineage
diversified rapidly after the extinction of non-avian dinosaurs 66 million
years ago, occupying ecological niches ranging from aerial predators to
aquatic divers and terrestrial grazers.
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Thus, birds can be described as “glorified reptiles,” representing an
evolutionary refinement of reptilian ancestry with the unique adaptation
of powered flight.
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Fig 1.6: Phylogeny in aves

Origin of Mammals

Mammals trace their ancestry back to reptilian stock as well, specifically
the synapsid reptiles, which appeared during the Carboniferous period.
Within synapsids, a group known as therapsids showed progressive
mammalian features such as differentiated teeth, upright limb posture, and
secondary palates. By the Triassic period, small mammal-like reptiles such
as Cynognathus exhibited even more advanced traits.

The earliest true mammals appeared in the Late Triassic. They were small,
nocturnal insectivores that survived alongside dominant dinosaurs for over
150 million years. Key mammalian innovations included endothermy
(warm-bloodedness), the evolution of hair and sweat glands, and the
transformation of jaw bones into middle ear ossicles (malleus, incus,
stapes).

After the extinction of non-avian dinosaurs at the end of the Cretaceous,
mammals underwent explosive adaptive radiation during the Cenozoic
era, evolving into diverse forms such as primates, ungulates, bats, and
cetaceans. Mammals are distinguished not only by hair and mammary
glands but also by complex brains and behaviors, culminating in the
evolutionary success of humans.

8
MATS Centre for Distance and Online Education, MATS University



= |(t ETARTIODACTYLA I

> |’ TERISSODACTYLA I
E,|<; .......... = ]
PANGOLINS

&
=
&
&= BATS
3 =
9: HEDGEHOGS ~/ SHREWS
=
1 MoLES
w
=
I: CAVIES / NUTRIAS
PORCUPINES
= MICE ~ RATS
’2 —I:
w é; BEAVERS
et &
&
foms | e ————— (N L PP E SN P
<O
RABBIT
I = PRIMATES
TuPAIAS
=40 THIS
= I
=
= ANTEATERS
=
=
=] ARMADILLOS

HYRAXES

TENRECS
E e
ELEPHANT SHREWS

MARSUPIALS

AFRQTHERIA

Fig 1.7: Phylogeny of mammals

Summary

The evolutionary history of vertebrates reflects a gradual but profound
series of transitions. Fishes originated as the earliest vertebrates,
dominating aquatic habitats and giving rise to lobe-finned forms that set
the stage for amphibians. Amphibians marked the first vertebrate invasion
of land but remained ecologically dependent on water. Reptiles, through
the innovation of the amniotic egg, became the first fully terrestrial
vertebrates and diversified extensively, giving rise to both birds and
mammals. Birds evolved from theropod dinosaurs and perfected flight,
while mammals emerged from synapsid reptiles and developed
endothermy, hair, and parental care. Together, these evolutionary stages
illustrate the adaptive transformations that shaped modern vertebrate
diversity.

A. Multiple Choice Questions (MCQs)

1. The earliest known vertebrate fossils such as Haikouichthys and
Mpyllokunmingia belong to which geological period?
a) Devonian
b) Cambrian
c¢) Carboniferous
d) Triassic
Answer: b) Cambrian
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2. Which evolutionary innovation allowed reptiles to become fully

terrestrial?
a) Development of lungs
CHORDATES AND b) Presence of limbs
COMPARATIVE ¢) Amniotic egg
ANATOMY d) Warm-bloodedness

Answer: ¢) Amniotic egg

3. Archaeopteryx is significant in vertebrate evolution because it
represents:
a) The earliest amphibian with gills and lungs
b) A transitional form between reptiles and birds
c) The first synapsid reptile leading to mammals
d) A fossil showing fish to amphibian transition
Answer: b) A transitional form between reptiles and birds

4. The mammalian middle ear ossicles (malleus, incus, stapes)
evolved from which ancestral structures?
a) Pharyngeal slits
b) Gill arches and jaw bones
c) Vertebral elements
d) Fin rays of fishes
Answer: b) Gill arches and jaw bones

5. Which group of fishes gave rise to amphibians during the
Devonian period?
a) Ostracoderms
b) Cartilaginous fishes
c) Lobe-finned fishes (Sarcopterygii)
d) Ray-finned fishes (Actinopterygii)
Answer: c¢) Lobe-finned fishes (Sarcopterygii)

B. Short Answer Questions

1. Explain the evolutionary significance of the lobe-finned fishes in
the origin of amphibians.

2. Describe the main anatomical and reproductive adaptations that
enabled reptiles to colonize terrestrial habitats.

3. Why is Archaeopteryx considered a “missing link” between
reptiles and birds? Mention at least two reptilian and two avian
features.

4. Discuss the mammalian characteristics that differentiate them from
their reptilian ancestors.
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5. Trace the sequence of vertebrate evolution from fishes to mammals
in chronological order, highlighting the key innovations at each
stage.
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UNIT 1.2

General characters and classification- Fishes, Amphibia,
Reptiles, Aves and Mammals

1.2Introduction

The vertebrates are the most highly organized members of the
animal kingdom, distinguished by the presence of a notochord (at
least in the embryonic stage), a dorsal hollow nerve cord,
pharyngeal gill slits, and a post-anal tail. Among vertebrates, five
major classes—Pisces, Amphibia, Reptilia, Aves, and
Mammalia—are particularly significant because they represent
successive stages in evolutionary advancement. Fishes mark the
earliest aquatic vertebrates, amphibians the first to conquer land,
reptiles the pioneers of the amniotic egg, birds the masters of aerial
adaptation, and mammals the most advanced group with highly
developed brains and parental care.

This unit elaborates on the general characters and classification
of these groups, highlighting their structural and functional
features, adaptive significance, and examples that illustrate their
diversity.

1. Pisces (Fishes)
General Characters

Fishes are exclusively aquatic vertebrates and represent the largest
group of vertebrates, with more than 30,000 species. Their body is
streamlined, facilitating swift movement through water. They
possess paired fins (pectoral and pelvic) and unpaired fins (dorsal,
caudal, and anal) that function as stabilizers and propellers. The
skin is covered with scales of different types—placoid in
cartilaginous fishes, and cycloid, ctenoid, or ganoid in bony fishes.
Respiration is primarily through gills, which are protected by an
operculum in bony fishes.

The circulatory system is simple, with a two-chambered heart
(one auricle, one ventricle) that pumps deoxygenated blood to the
gills for oxygenation; hence, fishes show single circulation.
Nervous and sensory systems are well developed, with special
organs like the lateral line system for detecting water vibrations.
Reproduction is mainly oviparous with external fertilization,
although viviparity occurs in some species (e.g., sharks).

Classification of Pisces

Fishes are divided into three main classes:
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1.

Class Agnatha (Jawless fishes): Primitive, eel-like fishes without
jaws and paired fins. Skeleton cartilaginous. Examples:
Petromyzon (lamprey), Myxine (hagfish).

Class Chondrichthyes (Cartilaginous fishes): Endoskeleton
made of cartilage, placoid scales present, heterocercal tail, absence
of air bladder. Mouth ventral. Examples: Scoliodon (dogfish),
Pristis (sawfish), Torpedo (electric ray).

Class Osteichthyes (Bony fishes): Skeleton made of bone,
operculum covering gills, swim bladder aiding buoyancy,
homocercal tail. Examples: Catla, Labeo, Hippocampus (sea
horse).

Superclass Class Subclass
G
N ™ Placodermi*
A
T Elasmobranchii
H—— Chondrichthyes —E
@) Holocephali
S
T Acanthodii®
O
M Osteichthyes Actinopterygii
A
T Sarcopterygii
A

Fig 1.8Classification in Pisces

2. Amphibia
General Characters

Amphibians are unique vertebrates capable of living both on land
and in water, hence the name “amphi” (double) and “bios” (life).
They are the earliest tetrapods, showing a transitional stage
between aquatic fishes and fully terrestrial reptiles. Amphibians
have soft, moist, glandular skin without scales, which plays an
important role in cutaneous respiration. Respiration is also carried
out by lungs and gills (in larval stages). The circulatory system
includes a three-chambered heart with two auricles and one
ventricle, ensuring double circulation but with partial mixing of
oxygenated and deoxygenated blood.

The nervous system shows well-developed sense organs,
particularly eyes with movable eyelids and a tympanum for
hearing. Amphibians are ectothermic and oviparous, laying eggs in
water. Fertilization is mostly external, and development is indirect
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with a distinct metamorphosis (e.g., tadpole larva transforming
into frog).

Classification of Amphibia

Order Apoda (Gymnophiona): Limbless, burrowing amphibians
with elongated bodies, resembling worms. Examples: Ichthyophis,
Siphonops.

Order Urodela (Caudata): Amphibians with tails, elongated
bodies, and limbs of equal size. Examples: Salamandra,
Ambystoma.

Order Anura (Salientia): Tailless amphibians with long
hindlimbs adapted for leaping and jumping. Examples: Rana
(frog), Bufo (toad).

Class Subclass Order
A
*Ichthyostegalia
M (fish vertebrae)

— *Labyrinthodontia—— *Temnospondyli

P (folded teeth) (divided vertebrae)
*Anthracosauria

H (coal lizards)

—t *Lepospondyli

I (Scale vertebrae)

Anura (no tail)

— Lissamphibia
I (smooth amphibia)

Urodela (with tail)

Apoda (no limb)
A

Fig 1.9: Classification in Amphibians

3. Reptilia
General Characters

Reptiles represent the first true land vertebrates, being fully
adapted to terrestrial life. Their dry, cornified, and scaly skin
prevents water loss, a vital adaptation against desiccation. The
body temperature fluctuates with the environment, making them
poikilothermic. Respiration occurs solely through lungs, and the
excretory product is mainly uric acid, conserving water.

The circulatory system consists of a three-chambered heart (two
auricles and one partially divided ventricle), except in crocodiles
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where a four-chambered heart occurs. Fertilization is internal, and
they are oviparous, laying cleidoic (amniotic) eggs with leathery
shells, a major evolutionary innovation that allowed reptiles to
reproduce on land.

Classification of Reptilia

Order Chelonia (Testudines): Turtles and tortoises with a bony
shell enclosing the body. Examples: Testudo, Trionyx.

Order Squamata: The largest order, including lizards and snakes.
Examples: Varanus (monitor lizard), Python, Naja (cobra).

Order Crocodilia: Large, semi-aquatic reptiles with a four-
chambered heart. Examples: Crocodylus, Alligator.

Order Rhynchocephalia: Primitive reptiles surviving as “living
fossils.” Example: Sphenodon (tuatara).

Clasitication scheme of Reptidis
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Fig 1.10: Classification in Reptilia

4. Aves (Birds)
General Characters

Birds are warm-blooded vertebrates specialized for aerial
locomotion, although some are flightless. Their bodies are
streamlined and covered with feathers that aid in flight and
thermoregulation. The forelimbs are modified into wings, while
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the hindlimbs are adapted for perching, walking, or swimming.
The skeleton is lightweight with pneumatic bones.

Respiration is highly efficient due to the presence of air sacs
connected to lungs, allowing a unidirectional flow of air. The
circulatory system is advanced, with a four-chambered heart
ensuring complete separation of oxygenated and deoxygenated
blood. Birds are oviparous, with hard-shelled eggs laid on land.
The nervous system is highly developed, particularly the
cerebellum for coordination and the optic lobes for vision.

Classification of Aves

Superorder Paleognathae (Ratites): Primitive, flightless birds
with flat sternum and weak wings. Examples: ostrich (Struthio),
emu, kiwi.

Superorder Neognathae (Carinates): Modern birds with keeled
sternum and strong flight muscles. Examples: pigeon (Columba),
crow (Corvus), peacock (Pavo), duck (Anas), eagle (Aquila).

Outline classification

Class Subclass Order Suborder

Tinamiformes
Rheiformes
Struthioniformes
Casuariformes
i Aepyornithiformes
! Dinomithiformes

Podicipediformes
Sphenisciformes

*Archaeornithes

{ *Odontognathae
Neomithes {

Neognathae

Porcellariformes
Pelicaniformes

wm<y

Ciconiiformes
Anseriformes
Falconiformes
Galliformes
Gruiformes
Charadriiformes
Gaviiformes
Columbiformes
Cuculiformes
Psittaciformes
Strigiformes
Caprimulgiformes
Apodiformes
Coliiformes
Trogoniformes
Coraciiformes
Piciformes
Passeriformes

Fig 1.11: Classification in Aves

5. Mammalia
General Characters

Mammals are the most advanced vertebrates, showing remarkable
adaptations to land, water, and even aerial life. The body is covered
with hair, and the skin contains sweat, sebaceous, and mammary
glands. The presence of mammary glands is the most defining
character, enabling nourishment of young with milk.
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They are endothermic, maintaining a constant body temperature.
The circulatory system has a four-chambered heart, and
respiration occurs through lungs aided by a muscular diaphragm.
The nervous system is highly developed, especially the neocortex,
allowing advanced learning and social behavior. Fertilization is
internal, and most mammals are viviparous, giving birth to live
young (except monotremes, which are oviparous). Parental care is
highly advanced.

Classification of Mammalia

Subclass Prototheria: Primitive egg-laying mammals. Examples:
Ornithorhynchus (platypus), Tachyglossus (echidna).

Subclass Metatheria: Marsupials with an external pouch for
rearing young. Examples: Macropus (kangaroo), Didelphys
(opossum).

Subclass Eutheria: Placental mammals, the largest and most
diverse group. Examples: human (Homo sapiens), elephant
(Elephas), whale (Balaenoptera), bat (Pteropus).

Class Subclass Infraclass Cohort Superorder Order
*Docodonta
Z:'Tn(onodunta

: :‘Mulhmbtrwl—:u

Prototheria

Monotremata
*Pantotheria

Insectivora
Chiroptera
Theria Ebermoplera
s <
“Tillodontia
\— Eutheria

P=r>TLYL

Edentata
Pholidota
Primates

Rodentia
Clires —— <
Lagomorpha

Mutica Cetacea
[ Ferae

Mesaxonia

Camivora

*Condylarthra
*Notoungulata
-Litop

*Astrapotheria

Tubulidentata

Hyracoidea
Proboscidea
Pantodonta

~Di
“Pyrotheria
“Embrithopoda

Sirenia
Perrisodactyla
A

Fig 1.12: Classification in Mammals
Summary

The five vertebrate groups—fishes, amphibians, reptiles, birds,
and mammals—exemplify progressive evolutionary adaptations.
Fishes perfected aquatic life, amphibians bridged aquatic and
terrestrial realms, reptiles conquered land through the amniotic

egg, birds mastered the skies, and mammals developed advanced
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parental care and intelligence. Their classification illustrates the
diversity and complexity of vertebrate life.

A.Multiple Choice Questions

. Which of the following is a cartilaginous fish?

a) Catla

b) Petromyzon
¢) Scoliodon
d) Salamandra

. Which amphibian order includes limbless forms?

a) Apoda

b) Urodela
¢) Anura

d) Squamata

. Reptiles were the first vertebrates to evolve:

a) Lungs

b) Cleidoic (amniotic) eggs
c¢) Hair

d) Feathers

. Pneumatic bones are a feature of:

a) Amphibians
b) Reptiles

c) Birds

d) Mammals

The only egg-laying mammals are:
a) Marsupials

b) Monotremes

c¢) Placental mammals

d) Primates

B.Short Answer Questions

. Write down the distinguishing features of Class Chondrichthyes

with examples.

. Describe the role of amphibians as a link between fishes and

reptiles.

. Explain the evolutionary importance of the amniotic egg in

reptiles.

. Differentiate between Paleognathae and Neognathae birds with

examples.

. Discuss the subclasses of mammals and give one example of each.
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SUMMARY:

The origin of chordates is a significant evolutionary milestone marked
by the emergence of key characteristics such as a notochord, dorsal
tubular nerve cord, pharyngeal gill slits, post-anal tail, and an
endostyle. Various theories, including the echinoderm ancestry
hypothesis and hemichordate affinity, suggest the evolutionary roots
of chordates from invertebrate groups. From primitive chordates
evolved the first vertebrates—fishes—ushering in  major
diversification. Jawless fishes (Agnatha) dominated early Paleozoic
waters, followed by the appearance of jawed fishes (Gnathostomes),
which gave rise to cartilaginous (Chondrichthyes) and bony fishes
(Osteichthyes). Amphibians were the first vertebrates to successfully
colonize land during the Devonian, evolving from lobe-finned fishes
with adaptations like lungs, limbs, and stronger skeletal structures.
Reptiles succeeded amphibians with features for a fully terrestrial
lifestyle, such as keratinized scales, amniotic eggs, and efficient lungs.
From reptiles arose two highly advanced groups: birds (Aves), with
features like feathers, hollow bones, and flight adaptations; and
mammals, characterized by hair, mammary glands, and advanced brain
development. These evolutionary transitions highlight the progressive
complexity and adaptability of vertebrates through geological eras.

The classification of vertebrate groups—Pisces, Amphibia, Reptilia,
Aves, and Mammalia—further emphasizes their unique features and
adaptive radiations. Fishes exhibit immense diversity with adaptations
to aquatic life, ranging from cartilaginous predators to diverse bony
fishes. Amphibians represent a dual mode of life, retaining ties to water
while adapting to land. Reptiles diversified into multiple forms, laying
the foundation for both modern reptiles and higher vertebrates. Birds
evolved as highly specialized reptiles with remarkable adaptations for
flight and endothermy. Mammals, the most advanced group,
developed reproductive specializations, complex brains, and high
parental care, ensuring their dominance in diverse ecosystems.
Together, the evolutionary history and classification of these groups
present a comprehensive picture of vertebrate origin, diversity, and
adaptive strategies.

A. Multiple Choice Questions (MCQs)

1. The most primitive chordates are:
a) Agnatha
b) Amphioxus
c) Reptiles
d) Aves
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The first vertebrates to appear in the fossil record were:
a) Amphibians

b) Reptiles

c) Fishes

d) Mammals

. Which of the following is a transitional fossil between reptiles

and birds?

a) Ichthyostega
b) Archaeopteryx
¢) Dimetrodon

d) Pteranodon

Cleidoic eggs are a feature of:
a) Amphibians

b) Fishes

c) Reptiles

d) Tunicates

In fishes, the swim bladder functions as:
a) Respiratory organ

b) Buoyancy regulator

c) Heart regulator

d) Excretory organ

. Birds respire efficiently due to:

a) Tracheal system

b) Pneumatic bones

¢) Air sacs and unidirectional airflow
d) Gills

. Which subclass of mammals includes kangaroos?

a) Prototheria
b) Metatheria
c¢) Eutheria

d) Placentalia

Crocodiles differ from other reptiles because they have:
a) Three-chambered heart

b) Four-chambered heart

c) Air sacs

d) Gills

. Amphibians show which type of heart?

a) Two-chambered
b) Three-chambered
c¢) Four-chambered
d) None
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10.

Which order of Amphibia includes limbless forms?
a) Anura
b) Urodela
c¢) Apoda
d) Squamata CHORDATES AND
COMPARATIVE
ANATOMY

B. Short Answer Questions

A

° 2 =2

Mention three important features of chordates.

Explain why amphibians are considered a transitional group.
Define cleidoic egg. Why is it important?

Differentiate between cartilaginous and bony fishes.

Write two reptilian characters retained by Archaeopteryx.
List any three adaptations of birds for flight.

What is the function of mammary glands in mammals?

State two differences between Paleognathae and Neognathae.

Name the three subclasses of mammals with examples.

. Give two reasons why reptiles were better adapted to land than

amphibians.

C. Long Answer Questions

1.

Trace the evolutionary origin of chordates with reference to
echinoderm affinity.

Describe the origin and evolutionary significance of fishes.

Explain the transition of vertebrates from water to land with
reference to amphibians.

Discuss the reptilian characters and evolutionary success of
reptiles.

Explain the avian adaptations for flight.
Discuss the origin of birds with reference to Archaeopteryx.

Describe the major subclasses of mammals and their adaptive
significance.

Compare the circulatory systems of fishes, amphibians, reptiles,
birds, and mammals.
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9. Write a detailed note on the importance of the amniotic egg in
vertebrate evolution.

10. Explain with examples how chordate groups illustrate evolutionary
progression.
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MODULE 2
CHORDATE 11

Objective

e To understand specialized respiratory adaptations in fishes.

e To analyze parental care strategies in fishes and amphibians.

e To differentiate between poisonous and non-poisonous snakes.
e To study migration and flight adaptations in birds.

UNIT 2.1
Fishes: Accessory Respiratory Organs and Parental Care
2.1Introduction

Fishes are primarily aquatic animals, respiring through gills which
extract oxygen from water. However, in certain habitats, particularly
oxygen-deficient waters like swamps, stagnant pools, or muddy rivers,
gill respiration alone is insufficient. To cope with such conditions,
several fishes have evolved accessory respiratory organs that allow
them to utilize atmospheric oxygen. Alongside respiration, reproductive
adaptations in fishes, particularly parental care strategies, highlight the
evolutionary complexity of this group. Parental care in fishes is
expressed in diverse ways ranging from nest-building and guarding eggs
to mouthbrooding, reflecting strategies for the survival of offspring in
varied environments.

2.1.1Accessory Respiratory Organs in Fishes

The accessory respiratory organs of fishes are modifications that
supplement branchial respiration. These structures have evolved
independently across multiple fish groups, enabling them to survive in
hypoxic environments.

1. Cutaneous Respiration
Some fishes utilize their skin as a supplementary respiratory
surface. In eels (Anguilla), mudskippers (Periophthalmus), and
loaches, the skin is richly vascularized and capable of absorbing
oxygen directly from air or water. This is particularly useful when
these fishes venture onto land or burrow in moist mud.

2. Buccopharyngeal Epithelium
In certain catfishes (Clarias), the lining of the buccopharyngeal
cavity becomes highly vascularized and functions as a respiratory

23
MATS Centre for Distance and Online Education, MATS University

CHORDATES AND
COMPARATIVE
ANATOMY



é’mﬂﬂ%

ready for life...

CHORDATES AND
COMPARATIVE
ANATOMY

surface. This allows them to gulp air at the water surface and
utilize atmospheric oxygen directly.

3. Intestinal Respiration
Some fishes, such as Misgurnus (loach) and certain catfishes, use
portions of their intestine for respiration. These fishes swallow
air, and the oxygen is absorbed through the vascular lining of the
gut. The undigested gases are expelled through the anus.

4. Branchial Diverticula
In Clarias batrachus and Heteropneustes fossilis, outgrowths from
the gill chambers form air sacs or diverticula which are lined
with vascular epithelium. These sacs serve as efficient accessory
respiratory organs, allowing survival in water bodies with
extremely low oxygen levels.

5. Lung-like Structures
In Dipnoi (lungfishes such as Protopterus, Lepidosiren), true
lungs have evolved from paired outpocketings of the pharynx.
These lungs function much like those of amphibians and allow
lungfishes to aestivate during dry seasons when water bodies dry

up.

Thus, accessory respiratory organs represent remarkable evolutionary
innovations enabling fishes to inhabit diverse and challenging ecological
niches.

gill-chamber  air-sac

cutwall gils N
AMPHIPNOUS CHANNA (= OPHIOCEPHALUS) ANABAS

suprabranchial cavity\ arbore§\cem organs

gill-chamber tubular;air-sac gl;l

gilks\.

& 1;1 gill- gill-fans

gli-arch flaments HETEROPNEUSTES
CLARIAS (=SACCOBRACHUS)

Fig 2.1: Accessory respiratory organs in fishes

2.1.2 Fish: Parental Care
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Introduction

Parental care in fishes refers to the investment made by one or both
parents to ensure the survival of their offspring after fertilization.
Although the reproductive strategies of fishes are highly diverse, ranging
from the production of millions of eggs with no subsequent care to
intensive guarding and nurturing behaviors, parental care represents an
advanced evolutionary strategy aimed at enhancing offspring survival.

In the aquatic environment, the risks faced by eggs and larvae— such as
predation, disease, and environmental fluctuation—are significant.
Parental care acts as a buffer against these threats by increasing the
chances of successful development and recruitment into the adult
population. It is an important aspect of fish ethology and evolutionary
biology.

Types of Parental Care in Fishes

Fish exhibit a broad spectrum of parental care behaviors. These can be
broadly categorized based on who provides the care (male, female, or
both) and the nature of the care (guarding, brooding, or provisioning).

No Parental Care (Broadcast Spawning)

In many species, especially among marine fishes, eggs and sperm are
released into the water column without any post-spawning care. This is
typical in pelagic spawners such as tuna, mackerel, and cod. Although
this strategy relies on sheer numbers for survival, it is inherently risky
and wasteful, with high larval mortality.

Male Parental Care

Contrary to mammals and birds, male parental care is common in fishes.
This may involve nest building, guarding of eggs, fanning to oxygenate
the eggs, or even mouthbrooding.

« Nest Building and Guarding: In species such as the three-spined
stickleback (Gasterosteus aculeatus), the male constructs a nest using
plant material and mucous secretions. After courtship and egg
deposition by the female, the male fertilizes and guards the eggs,
fanning them with his fins to maintain oxygen flow.

+  Mouthbrooding: Seen in cichlids like 7ilapia spp., where the
male carries fertilized eggs in his mouth until they hatch. This
behavior protects the eggs from predators and environmental hazards.

«  Pouch Brooding: In seahorses (Hippocampus spp.) and
pipefishes, the male has a specialized brood pouch where the female
deposits her eggs. Fertilization occurs internally, and the male
incubates the eggs until live young are released.

Female Parental Care
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Female-only care is less common but does occur in some species.

«  Mouthbrooding: Some African cichlids, such as Haplochromis
spp., involve the female holding fertilized eggs in her mouth until
hatching. She may even continue to protect the fry post-hatching.

- Egg Carrying: In the case of catfish such as Aspredo aspredo,
eggs are attached to the ventral surface of the female’s body, where
she carries them until hatching.

Biparental Care

In certain fish species, both male and female contribute to caring for the
offspring. This is typically observed in more behaviorally advanced
groups such as cichlids.

« Guarding and Fanning: In species like Amatitlania
nigrofasciata (convict cichlid), both parents share responsibilities
such as cleaning, guarding, and fanning the eggs.

+ Feeding and Protection: In some rare cases, like the discus fish
(Symphysodon spp.), parents secrete a nutritious mucus on their skin
which the fry feed on during their early life stages.

Mechanisms of Parental Care

Parental care in fishes involves various behavioral and physiological
adaptations. These include:

1. Nest Construction: Males of species like gouramis and
sticklebacks construct nests from aquatic plants or bubbles to house
and protect eggs.

2. Egg Oxygenation: Many parents, particularly males, fan
the eggs with their fins to ensure a constant supply of oxygenated
water, preventing fungal growth and suffocation.

3. Predator Deterrence: Aggressive territorial behavior is
often displayed by fish parents to deter predators and rival males
from approaching their brood.

4. Cleaning: Parents clean the eggs to remove debris,
fungus, or dead eggs, maintaining a hygienic environment crucial
for egg survival.

5. Transporting Eggs or Fry: Some catfish and cichlids
have been observed carrying eggs or fry to new locations if a threat
is perceived or if environmental conditions change.

6. Hiding or Shelter Provision: Parents may lead fry to safe
areas with cover or construct shelters where the offspring can hide.
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Fig 2.2: Parental care in fishes

Summary

Fishes exhibit remarkable adaptive features both for survival and
reproduction. Accessory respiratory organs, such as vascularized skin,
buccopharyngeal lining, intestinal walls, branchial diverticula, and even

lung-like structures, allow fishes to thrive in oxygen-poor environments.

Similarly, diverse parental care strategies—including nest building, egg
guarding, mouthbrooding, brood pouch development, and viviparity—
demonstrate their evolutionary flexibility in ensuring the survival of the
next generation. These adaptations highlight the ecological success and
evolutionary significance of fishes as pioneers of vertebrate diversity.

A.Multiple Choice Questions
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The lungfishes respire through:
a) Gills only

b) Branchial diverticula

¢) True lungs

d) Intestinal respiration

Mouthbrooding behavior is most commonly observed in:
a) Sharks

b) Tilapia

c) Catla

d) Labeo

. Male brood pouches for parental care are found in:

a) Cichlids

b) Seahorses
c) Catfishes
d) Lungfishes

Which of the following uses its intestine for respiration?
a) Periophthalmus

b) Misgurnus

c) Tilapia

d) Hippocampus

The primary advantage of parental care in fishes is:
a) Faster growth of parents

b) Reduced need for spawning

¢) Increased survival of offspring

d) Oxygen enrichment of water

B.Short Answer Questions

1.

A

Explain the role of buccopharyngeal epithelium in respiration of
Clarias.

How do lungfishes survive during dry seasons?
Describe the process of mouthbrooding in cichlid fishes.
Write a note on nest building and egg guarding in fishes.

Discuss the evolutionary significance of parental care in fishes.
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UNIT 2.2

Amphibia and Reptilia

2.2 Introduction to Amphibian Reproduction and the Need for
Parental Care

Amphibians are poikilothermic vertebrates that typically lay eggs in moist
environments to prevent desiccation. Due to their soft, gelatinous, and
non-calcified eggs, they are vulnerable to environmental hazards and
predation. Consequently, various species have evolved parental care
strategies to increase the chances of survival and reduce mortality of
offspring. Amphibian parental care may be carried out by the male, the
female, or both, and includes behaviors such as guarding, transporting,
brooding, and even feeding.

2.2.1Parental Care in amphibia

Parental care refers to the behavioral and physiological activities of the
parents that increase the survival chances of their offspring. Among
vertebrates, amphibians exhibit a remarkable diversity of parental care
strategies, ranging from complete abandonment of eggs to highly
specialized and complex methods of nurturing. The evolution of parental
care in Amphibia is particularly fascinating due to their semi-terrestrial
life, small body size, and high predation pressure on eggs and larvae.

Types and Mechanisms of Parental Care in Amphibians

Amphibian parental care can be broadly classified based on the type of
behavior and the level of involvement. The most common types include:

Egg Attendance and Guarding

In many amphibians, either parent may stay near the eggs to guard them
against predators, fungal infections, or desiccation. This form of care is
often observed in frogs and toads, where the parent stays close to the egg
mass until hatching.

. Example: Alytes obstetricans (the midwife toad) male
carries the fertilized eggs wound around its hind legs until they are
ready to hatch. During this period, the male frequently bathes in
water to keep the eggs moist.

. Example: In Rana clamitans, the male guards eggs laid in
shallow water from predators and intruders.

Moisture Maintenance and Oxygen Supply
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Since amphibian eggs are prone to drying and require a constant supply of
oxygen, some species engage in behaviors aimed at regulating
environmental conditions around the eggs.

. Example: In Chiromantis xerampelina (gray foam-nest
tree frog), the female secretes a foam around the eggs, which helps
maintain moisture and allows gas exchange. The foam also
provides some protection from predators and parasites.

. Example: In Ichthyophis glutinosus, a caecilian, the female
coils around the egg clutch and secretes a mucus layer to keep the
eggs moist.

Egg and Larval Transport

Several amphibian species actively transport eggs or larvae from the site
of deposition to water bodies or safe locations, thereby increasing the
chances of survival.

. Example: Dendrobates and Phyllobates (poison dart frogs)
exhibit elaborate transport behaviors. After hatching, the male
carries tadpoles on his back to small water-filled tree holes or
bromeliads, where the tadpoles complete development.

. Example: In Rhinoderma darwinii (Darwin’s frog), the
male picks up the fertilized eggs into his vocal sacs. The eggs hatch
and the tadpoles complete metamorphosis inside the sac, after
which the young emerge as miniature frogs.

Brooding in Specialized Structures

Some amphibians have evolved specialized anatomical structures to carry
or incubate their offspring, a highly derived form of parental care.

. Example: Gastrotheca species (marsupial frogs) possess a
dorsal pouch in the female’s back where fertilized eggs are placed
and develop until hatching.

. Example: In Pipa pipa (Surinam toad), fertilized eggs are
embedded into the skin of the female’s back. The skin forms
protective capsules around the eggs, where the young develop
directly into miniature toads before emerging.

. Example: The caecilian Ichthyophis not only guards its
eggs but also exhibits maternal dermatophagy, where the larvae
feed on the mother’s skin, which becomes rich in lipids and
proteins.

Viviparity and Direct Development
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In some amphibians, parental care involves internal development of the
young, bypassing the free-living larval stage. This is a rare but highly
advanced adaptation.

. Viviparity: Observed in some caecilians such as CHORDATES AND
Typhlonectes, where the young develop inside the oviduct and are COMPARATIVE
born as fully formed juveniles. During development, they feed on

. . . : ANATOMY
secretions or scrape the oviduct lining for nourishment.

. Direct Development: Seen in several terrestrial frog
species like Eleutherodactylus, where eggs develop directly into
miniature frogs without a tadpole stage. Such strategies eliminate
the vulnerable aquatic larval phase.

Feeding and Nutritional Provisioning

Although rare, some amphibians provide nourishment to their offspring
beyond the yolk supply in the eggs.

. Example: In certain poison dart frogs, the female lays
unfertilized eggs that are consumed by the developing tadpoles as
a nutrient source. This is known as trophic egg feeding.

. Example: In caecilians, as mentioned earlier, the mother’s
skin becomes nutrient-rich and is consumed by the larvae in a
behavior called maternal dermatotrophy.

Sex Roles in Parental Care

Parental care in amphibians can be male-biased, female-biased, or
biparental:

. Male-dominant care is more common in species like
Alytes obstetricans and Dendrobates.

. Female-dominant care is seen in Gastrotheca and
Ichthyophis.
. Biparental care, though rare, exists in some species where

both parents cooperate in guarding or transporting eggs and larvae.

This diversity is shaped by ecological pressures, reproductive strategies,
and sexual selection.

Evolutionary Significance of Parental Care in Amphibians

31
MATS Centre for Distance and Online Education, MATS University



ready for life...

CHORDATES AND
COMPARATIVE
ANATOMY

The evolution of parental care in amphibians is a classic example of how
reproductive success is maximized in response to environmental
constraints and predation. Key evolutionary advantages include:

1. Increased Offspring Survival: Protection from predators,
desiccation, and infections leads to higher hatching success.

2. Habitat Flexibility: Enables reproduction in diverse
habitats, including arboreal or terrestrial ecosystems, away from
large water bodies.

3. Reduced Fecundity: Species that invest in parental care
usually lay fewer eggs, but the survival rate per offspring is higher,
representing a shift from r-strategy to K-strategy.
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Fig 2.3: Parental care in Amphibians

2.2.2: Difference between poisonous and non-poisonous snake
Introduction

Snakes are limbless reptiles belonging to the order Squamata and the
suborder Serpentes. They are highly specialized predators, adapted to a
wide range of habitats including forests, deserts, grasslands, wetlands, and
even aquatic environments. Globally, there are more than 3,000 species of
snakes, of which only about 15% are venomous. The distinction between
poisonous and non-poisonous snakes is of great importance, especially in
countries like India where snakebite is a major health concern. Venomous
snakes, such as cobras, kraits, and vipers, possess a specialized mechanism
to produce and deliver venom into their prey or predators, while non-
poisonous snakes like pythons and rat snakes lack such mechanisms. Both
types of snakes, however, play crucial roles in ecological balance, acting
as natural pest controllers and prey for higher predators.
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Venom Apparatus

The venom apparatus in poisonous snakes is a sophisticated adaptation of
the salivary gland system. It consists of four main components: the venom
glands, ducts, compressor muscles, and fangs.

. Venom glands are modified parotid salivary glands located
on either side of the head, just behind the eyes. These glands
produce venom, a complex mixture of toxic proteins and enzymes.

. Compressor muscles surround the venom glands and
contract during a bite, forcing venom into the ducts.

. Venom ducts connect the glands to the fangs, acting as
channels for venom transport.

. Fangs are specialized teeth adapted for venom delivery.
They may be grooved or hollow, depending on the species. In
elapids (e.g., cobras, kraits), the fangs are short and fixed at the
front of the mouth, while in vipers, the fangs are long, hollow, and
hinged, allowing them to fold back when not in use.

Non-poisonous snakes lack venom glands and fangs. Instead, they possess
rows of small, solid teeth that help them hold onto their prey. Their feeding
mechanism often involves constriction, as seen in pythons, or simply
swallowing the prey alive, as in rat snakes.
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Fig 2.4: Poison apparatus in snakes

Types of Venom

Snake venom is a complex secretion containing enzymes, toxins, and non-
protein components such as ions. It is primarily used for predation rather
than defense. Venoms are categorized into three major functional types:

1. Neurotoxic Venom — This venom affects the nervous
system by blocking synaptic transmission and interfering with
muscle control. Symptoms in victims include blurred vision,
muscle paralysis, respiratory failure, and, if untreated, death.
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Cobras (Naja naja), kraits (Bungarus), and coral snakes are
examples of neurotoxic snakes.

2. Hemotoxic Venom — Hemotoxic venom primarily targets
the blood and vascular system. It causes hemolysis, clotting
abnormalities, internal bleeding, and damage to blood vessels.
Vipers, such as Russell’s viper (Daboia russelii) and saw-scaled
viper (Echis carinatus), are typical hemotoxic snakes.

3. Cytotoxic Venom — Cytotoxic venom destroys tissues and
cells, leading to necrosis, swelling, and severe local pain. In some
cases, cytotoxic venom can cause long-term disability due to tissue
damage. Certain cobras and vipers have venom with strong
cytotoxic effects.

In reality, most snake venoms are a combination of these types, with one
effect dominating. This multifunctional property makes venom extremely
efficient in immobilizing and digesting prey.

Differences Between Poisonous and Non-Poisonous Snakes

Poisonous and non-poisonous snakes differ not only in their venom
apparatus but also in their external morphology and behavior, which can
aid in identification.

. Dentition: Poisonous snakes possess fangs that are either
grooved or hollow to inject venom, while non-poisonous snakes
have uniform, solid teeth.

. Head Shape: Venomous snakes, especially vipers, often
have a triangular or broad head due to the presence of venom
glands, while non-poisonous snakes typically have a slender,
elongated head.

. Scales: In poisonous snakes, the ventral scales are broad
and cover the full width of the belly, aiding in locomotion.
Nonpoisonous snakes also have ventral scales, but identification
often requires looking at tail scale arrangements—single subcaudal
scales in poisonous snakes versus paired subcaudal scales in many
non-poisonous snakes.

. Behavior: Venomous snakes often show defensive
displays such as hood expansion in cobras or hissing and coiling
in vipers. Non-poisonous snakes usually rely on camouflage or
rapid escape.

. Ecological Role: Venomous snakes regulate populations of
rodents and other vertebrates, while non-poisonous snakes also
contribute to ecosystem balance but without venom.
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Fig 2.6: Difference between poisonous and non-poisonous snake

Summary:

Amphibians display diverse parental care strategies that ensure higher
survival of eggs and larvae in vulnerable environments. Since amphibians
often lay eggs in moist or aquatic habitats exposed to predation and
desiccation, parental care becomes vital. Examples include guarding of
eggs by male frogs, transport of eggs on the back (Alytes), storage of eggs
in specialized dorsal pouches (Nototrema), or even oral incubation
(Rhinoderma). In some caecilians, young feed on the mother’s skin
(dermatophagy). These adaptations minimize egg loss and enhance
juvenile survival, reflecting evolutionary pressures in amphibian life
history.

Snakes are classified into poisonous and non-poisonous forms based on
their venom apparatus. Poisonous snakes possess specialized fangs
connected to venom glands for subduing prey, whereas non-poisonous
snakes lack such adaptations and kill prey by constriction or swallowing

alive. Poisonous snakes, like cobras, kraits, vipers, and sea snakes, have
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triangular heads, vertical pupils, and belly scales extending fully across
the width, whereas most non-poisonous snakes have rounded heads, round
pupils, and smaller ventral scales. The distinction is vital for both medical
and ecological perspectives.

A.Multipple Choice Questions

1.

Which amphibian carries eggs in a dorsal pouch?
a) Alytes

b) Nototrema

¢) Rhinoderma

d) Ichthyophis

Oral incubation of eggs is seen in:
a) Xenopus

b) Salamandra

¢) Rhinoderma

d) Hyla

In poisonous snakes, ventral scales are:
a) Small and incomplete

b) Narrow and irregular

¢) Broad and covering the whole belly
d) Absent

A common feature of non-poisonous snakes is:
a) Presence of fangs

b) Vertical pupils

c¢) Rounded head and round pupils

d) Triangular head

Venom glands in snakes are modified:
a) Salivary glands

b) Sweat glands

¢) Mucous glands

d) Lacrimal glands

B.Short Answer Questions

1.

Describe parental care strategies in amphibians with suitable
examples.

Write a note on egg transport and incubation in amphibians.

Differentiate between poisonous and non-poisonous snakes on
morphological grounds.

Explain the ecological importance of venom in snakes.

How does parental care in amphibians increase offspring survival?
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UNIT 2.3:

Aves: Migration and Flight adaptation

2.3 Introduction

Birds represent one of the most successful groups of vertebrates,
occupying almost every ecosystem on Earth. Their success is largely
attributed to two unique features—flight and migration. Flight has
enabled birds to explore ecological niches inaccessible to most other
animals, while migration allows them to exploit seasonal resources across
vast geographical regions. Together, these adaptations highlight the
evolutionary ingenuity and ecological flexibility of the class Aves.

Migration is a regular, periodic, and often long-distance movement of
birds between breeding and non-breeding grounds. It is driven by
ecological factors such as food availability, climatic conditions, and
reproductive requirements. From the Arctic tern, which undertakes the
longest migration in the animal kingdom, to small warblers crossing seas
and deserts, migration demonstrates the endurance, navigation skills, and
physiological adaptations of birds. Understanding migration offers insight
into avian biology, global biodiversity, and even climate change impacts
on wildlife.

Equally important are the flight adaptations of birds, which are both
anatomical and physiological. Streamlined body shape, hollow bones,
fused skeletal elements, and specialized muscles (especially the powerful
pectoralis and supracoracoideus) provide the mechanical foundation for
flight. Feathers, particularly the asymmetrical flight feathers of wings and
tail, create lift and thrust while minimizing drag. High metabolic rate,
efficient lungs with air sacs, and a four-chambered heart sustain the intense
energy demands of aerial life. These adaptations, refined over millions of
years of evolution, make birds one of the most specialized vertebrates for
powered flight.

Thus, migration and flight adaptations are not just fascinating aspects of
avian life but also central themes in understanding their evolutionary
success, ecological interactions, and global movements. This unit will
explore the biological basis, mechanisms, and ecological significance of
these remarkable adaptations.

2.3.1 Migration in birds

Introduction
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Migration is one of the most fascinating behavioral adaptations in birds,
involving regular, seasonal, and often long-distance movements between
breeding and non-breeding areas. Unlike random dispersal, migration is
highly predictable, following definite routes and schedules. It enables
birds to exploit favorable environmental conditions, ensure breeding
success, and survive seasonal shortages of food or harsh climates.
Migration, therefore, reflects an advanced survival strategy, combining
instinctive behavior with remarkable physiological endurance and
navigational precision.

Types of Bird Migration

Migration is not uniform across all species; it varies in distance, direction,
and purpose.

1. Latitudinal Migration — The most common type, where birds
move from colder breeding grounds to warmer non-breeding areas
(e.g., Siberian cranes migrating to India).

2. Altitudinal Migration — Birds in mountainous regions move from
higher altitudes to lower ones during winter (e.g., Himalayan
monal, snow partridge).

3. Longitudinal Migration — Movement occurs along longitudes,
usually east to west or vice versa (less common).

4. Seasonal Migration — Birds migrate during specific seasons such
as winter or summer (e.g., swallows, warblers).

5. Partial Migration — Only part of the population migrates while
others remain resident (e.g., blackbirds, starlings).

6. Nomadic Migration — Irregular movements in response to food
availability rather than fixed patterns (e.g., desert finches).

Causes of Bird Migration

Bird migration is influenced by a combination of ecological and biological
factors:

e Food Availability — Scarcity of food in breeding areas during
winter drives birds to migrate to regions with abundant resources.

e Breeding Needs — Birds migrate to areas that provide safe nesting
grounds, suitable climate, and fewer predators.

¢ Climate — Harsh weather conditions, such as extreme cold, force
seasonal migration.
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Photoperiod and Hormonal Control — Increasing or decreasing
day length influences endocrine secretions (especially
gonadotropins and thyroid hormones), triggering migratory
behavior.

Evolutionary Advantage — Migration enhances survival chances
and reproductive success, maintaining population stability.

Physiological and Navigational Adaptations

Migration requires extraordinary endurance and orientation mechanisms.
Birds have evolved multiple adaptations for long flights and precise
navigation:

Physiological Adaptations — Birds accumulate fat reserves before
migration, which serve as a high-energy fuel. Efficient respiratory
and circulatory systems supply oxygen and energy to sustain
prolonged flights.

Navigational Skills — Birds use multiple cues for orientation:
o Sun Compass — Position of the sun for daytime navigation.
o Star Compass — Stellar patterns guide nocturnal migrants.

o Earth’s Magnetic Field — Magnetoreception helps
maintain direction.

o Landmarks — Rivers, mountains, and coastlines aid visual
orientation.

o Olfaction and Memory — Some species use smell and
learned routes.

Examples of Bird Migration

Arctic Tern — Exhibits the longest known migration, traveling
from the Arctic to the Antarctic and back, covering about 40,000
km annually.

Siberian Crane — Migrates from Siberia to India during winter,
especially to Bharatpur (Keoladeo National Park).

Bar-tailed Godwit — Capable of nonstop flights over 10,000 km
without feeding.

Himalayan Migrants — Many mountain species move downwards
to plains in winter.
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Ecological and Conservation Importance

Migration is vital for maintaining global biodiversity and ecosystem
balance. Migratory birds help in seed dispersal, insect population control,
and linking ecosystems across continents. However, human-induced
challenges such as habitat loss, urbanization, hunting, and climate change
disrupt migratory routes and threaten populations. Conservation measures
like protecting wetlands, establishing international treaties (e.g.,
Convention on Migratory Species), and monitoring migratory pathways
are essential for their survival.

2.3.2: Flight adaptation in birds
Introduction

Flight in birds represents one of the most extraordinary evolutionary
achievements in the animal kingdom. Birds, as members of class Aves,
have evolved a wide array of morphological, physiological, and behavioral
features that enable them to take to the skies. The evolutionary drive for
flight has shaped virtually every aspect of a bird’s anatomy and
metabolism. The adaptations observed in birds are not singular features,
but a coordinated complex of modifications that together reduce body
weight, enhance aerodynamic efficiency, increase muscular power, and
ensure high metabolic output.

Morphological Adaptations
a) Feathers and Body Contour

Feathers are perhaps the most distinctive adaptation for flight. They are
lightweight, yet strong, and provide the necessary surface area for lift and
propulsion. The two main types of flight feathers are:

. Remiges (wing feathers): These aid in propulsion and lift.
. Rectrices (tail feathers): These assist in steering and
stability.

The contour of the bird's body is streamlined (fusiform), reducing air
resistance. The arrangement of feathers contributes to this aerodynamic
shape, allowing smooth airflow over the body during flight.
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Fig 2.7: Stream lined body of a bird

b) Wings as Modified Forelimbs

Birds’ forelimbs are highly modified into wings, which act as the primary
organs of flight. The wing structure includes:

. A humerus, radius, and ulna adapted for support.
. Fused carpal and metacarpal bones to provide rigidity.
. Elongated and stiff primary feathers anchored to the hand

and secondaries attached to the forearm.

The wing operates as an airfoil, generating lift through differences in air
pressure above and below the wing surface.

¢) Lightweight Skeleton
One of the most critical adaptations is skeletal lightness. Birds possess:

. Pneumatized (air-filled) bones that reduce weight without
sacrificing strength.

. A large, keeled sternum (carina) to support flight muscles.

. Fused bones (e.g., synsacrum, pygostyle, furcula) which
enhance rigidity and efficiency during flight.

. Reduction in the number of bones, such as in the tail and
digits.

d) Beak Without Teeth

Birds have evolved toothless beaks, which are significantly lighter than a
jaw with teeth. Beaks vary in shape and size depending on diet, but all
contribute to weight reduction, facilitating flight.

Muscular Adaptations

Flight requires an immense amount of muscular power, particularly from
the pectoral region.
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a) Powerful Pectoral Muscles

. The pectoralis major is the largest flight muscle,
responsible for the downstroke during flight, accounting for up to
25-35% of the bird’s body mass.

. The supracoracoideus muscle, located just beneath the
pectoralis, is responsible for the upstroke. It uses a pulley system
formed by the coracoid bone and triosseal canal to lift the wings
efficiently.

These muscles are anchored on the large keel of the sternum, providing
maximum leverage for wing movement.

Fig 2.8: Muscular adaptation

Respiratory Adaptations

Flight demands a highly efficient respiratory system to meet oxygen
requirements.

a) Air Sac System
Birds possess an advanced respiratory system that includes:
. A set of nine air sacs connected to the lungs.

. Unidirectional airflow through the lungs, ensuring a
continuous supply of fresh, oxygen-rich air.

. Air sacs also help in thermoregulation and reduce body
weight.

b) Parabronchial Lungs

Unlike the alveolar lungs of mammals, bird lungs are small and rigid,
consisting of parabronchi. Gas exchange occurs continuously during both
inhalation and exhalation, ensuring a highly efficient oxygen uptake vital
for sustaining flight.

Circulatory Adaptations
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To supply sufficient oxygen and nutrients to flight muscles, birds have a
highly adapted circulatory system.

a)

b)

Large Four-Chambered Heart

. Birds have a large, powerful heart relative to their body
size, often twice as large as a mammal’s of similar mass.

. The four-chambered heart ensures complete separation of
oxygenated and deoxygenated blood, increasing metabolic
efficiency.

High Blood Pressure and Rapid Circulation

. A high cardiac output allows rapid delivery of oxygen and
glucose to tissues.

. The resting and active heart rates of birds are significantly
higher than in most vertebrates, supporting their high energy
demands.

Digestive and Excretory Adaptations

To reduce weight and allow for high metabolic turnover, birds show
unique modifications in their digestive and excretory systems.

a)

b)

Rapid Digestion and High Metabolic Rate

. Birds digest food quickly to obtain energy rapidly and
avoid carrying excess weight.

. Some birds (like hummingbirds) feed constantly due to
their high metabolic rate during flight.

No Urinary Bladder

. Birds excrete nitrogenous waste as uric acid, which is semi-
solid and requires minimal water, reducing body mass.

. The absence of a urinary bladder prevents accumulation of
waste, further conserving weight.

Nervous and Sensory Adaptations

Flight requires excellent coordination, balance, and vision.

a)

Large Cerebellum and Optic Lobes

. The cerebellum is well-developed for coordinating
muscular movements and maintaining balance during complex
aerial maneuvers.

. Enlarged optic lobes process visual information rapidly,
which is crucial for navigation and obstacle avoidance.
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b) Keen Vision

. Birds possess acute eyesight, often with binocular or
panoramic vision depending on the species.

. The presence of a pecten (a vascular structure in the eye)
helps nourish the retina without obstructing vision, enhancing
clarity.

Reproductive Adaptations
Minimizing body weight extends even to reproductive biology.
a) Seasonal Gonads

. Gonads enlarge only during the breeding season and shrink
afterward to reduce body mass.

. Most female birds have only one functional ovary (left),
reducing weight.

Behavioral and Ecological Adaptations
Behavior also plays a key role in enhancing flight efficiency.
a) Migratory Behavior

Many birds migrate long distances to exploit seasonal food sources and
breeding grounds. Their bodies are adapted for endurance flight with
features such as:

. Increased fat reserves before migration.
. Changes in muscle and organ size during long flights.
b) Flight Patterns and Wing Types

Birds exhibit different flight styles (gliding, flapping, soaring, hovering),
each supported by wing shapes:

. Elliptical wings (e.g., sparrows) offer maneuverability in
forests.
. High aspect ratio wings (e.g., albatrosses) are suited for

soaring over oceans.

. Hovering wings (e.g., hummingbirds) allow stationary
flight.
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Summary

Migration and flight are two remarkable adaptations that have
contributed to the evolutionary success of birds. Migration is the
regular, seasonal movement of birds between breeding and non-
breeding grounds, driven by food availability, climatic conditions,
and reproductive needs. It is supported by physiological
adaptations such as fat storage and navigational mechanisms like
the sun, stars, magnetic field, and landmarks. Flight, on the other
hand, is enabled by anatomical and physiological specializations
including a streamlined body, hollow bones, fused skeleton,
powerful flight muscles, feathers, and an efficient respiratory and
circulatory system. Together, these adaptations allow birds to
explore diverse habitats, escape unfavorable conditions, and
maintain ecological balance across continents.

A.Multiple Choice Questions

The Arctic tern is known for:
a) Altitudinal migration

b) The longest migration route
¢) Mouthbrooding

d) Viviparity

Which of the following is a key anatomical adaptation for flight?
a) Solid bones

b) Streamlined body and hollow bones

c¢) Absence of feathers

d) Reduced lung capacity

Birds navigate during night migration primarily by:
a) Earth’s magnetic field

b) Smell

c) Star compass

d) Sun compass

The main source of energy during migration is:
a) Proteins

b) Carbohydrates

c) Fat reserves

d) Water

Powerful flight in birds is enabled by which major muscle?
a) Trapezius

b) Pectoralis

c¢) Gastrocnemius

d) Sternohyoid
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B.Short Answer Questions
1. Define migration in birds and explain its ecological significance.

2. Describe any two navigational mechanisms used by migratory
birds.

3. What are the skeletal adaptations that help in bird flight?
4. Explain the role of fat reserves in migration.

5. List two differences between migratory and resident birds.

Summary

Fishes living in oxygen-deficient waters have evolved accessory
respiratory organs such as vascularized skin, buccopharyngeal
lining, intestines, branchial diverticula, and even lung-like structures
in lungfishes to supplement gill respiration. Many fishes also show
diverse forms of parental care, including nest building, egg guarding,
mouthbrooding, brood pouches in seahorses, and viviparity, which
enhance offspring survival. Amphibians too exhibit remarkable
parental care strategies, such as carrying eggs on the back (Alytes),
dorsal pouches (Nototrema), oral incubation (Rhinoderma), and
maternal dermatophagy in caecilians, reflecting adaptation to
vulnerable environments. In reptiles, especially snakes, a distinction
exists between poisonous and non-poisonous snakes: poisonous
forms (cobras, kraits, vipers, sea snakes) possess specialized fangs,
venom glands, broad ventral scales, triangular heads, and vertical
pupils, while non-poisonous snakes lack venom apparatus and usually
have round heads, round pupils, and smaller ventral scales. Among
birds, migration is a periodic movement between breeding and
feeding grounds driven by food availability, climate, and reproduction,
supported by navigational mechanisms such as sun compass, star
compass, magnetic field, and landmarks. Their ability to fly is aided
by anatomical and physiological flight adaptations like streamlined
bodies, hollow bones, fused skeleton, strong flight muscles, feathers,
high metabolic rate, and efficient lungs with air sacs, making birds one
of the most successful vertebrate groups.

A.Multiple Choice Questions

1. In Clarias batrachus, accessory respiration occurs through:
a) Intestine
b) Branchial diverticula
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c¢) Skin
d) Buccal cavity

. Mouthbrooding behavior is seen in:
a) Tilapia

b) Catla

c¢) Labeo

d) Hippocampus

Oral incubation of eggs in amphibians is seen in:
a) Nototrema

b) Rhinoderma

c) Alytes

d) Ichthyophis

. Venom glands of poisonous snakes are modified:
a) Mucous glands

b) Salivary glands

c) Lacrimal glands

d) Sweat glands

. A common feature of non-poisonous snakes is:
a) Triangular head

b) Vertical pupils

c¢) Small ventral scales

d) Fangs connected to venom glands

The Arctic tern is famous for:

a) Altitudinal migration

b) The longest migration distance
c¢) Viviparity

d) Mouthbrooding

. Fat reserves in birds are important during migration because:

a) They reduce body weight

b) They act as high-energy fuel
c¢) They store water

d) They help in navigation

The muscle primarily responsible for the downstroke of bird
flight is:

a) Supracoracoideus

b) Trapezius

c) Pectoralis major

d) Sternohyoid

. Dorsal pouch-based parental care is found in:
a) Alytes
b) Nototrema
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¢) Rhinoderma
d) Xenopus

10. The main respiratory adaptation in lungfishes is:

a) Skin

b) True lungs

c) Intestine

d) Buccopharyngeal cavity

B.Short Answer Questions

1.

Sl

° ® =N oW

Name two accessory respiratory organs in fishes.
What is mouth brooding? Give an example.
Define parental care in amphibians with one example.

Mention two differences between poisonous and non-poisonous
snakes.

What is the function of the keeled sternum in birds?
Define migration in birds.

Give one example of an air-breathing fish.

Write one adaptation of amphibians for parental care.

Why do birds have hollow bones?

10. Mention one adaptive significance of migration in birds.

C.Long Answer Questions

1.

2
3.
4

Describe accessory respiratory organs in fishes with examples.
Explain different types of parental care in fishes.
Discuss various parental care strategies in amphibians.

Differentiate between poisonous and non-poisonous snakes with
suitable examples.

Explain the structural and physiological adaptations of birds for
flight.

Discuss migration in birds, its types, and significance.

Write an essay on reproductive adaptations in Pisces and
Amphibia.

Describe flight adaptations in birds with reference to the skeleton
and respiratory system.
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9. Explain how migration ensures survival and reproduction in birds.

10. Compare and contrast parental care in fishes and amphibians.
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MODULE 3

COMPARATIVE ANATOMY I

CHORDATES AND
COMPARATIVE Objectives:
ANATOMY

e To study the vertebrate integument and its evolutionary
adaptations.

e To analyze the circulatory system’s variations across different
vertebrate groups.

e To understand the evolution of the heart, aortic arches, and the

portal system.

UNIT 3.1
Vertebrate integument and its derivatives
3.1 Introduction

The integument is the outer covering of the body that separates and
protects the internal environment from the external surroundings. In
vertebrates, it is not merely a passive covering but a complex organ system
that performs multiple functions. It acts as a mechanical barrier, prevents
dehydration, participates in thermoregulation, aids in sensory perception,
and often plays a role in communication and camouflage. The integument
also gives rise to a wide range of derivatives such as scales, feathers, hairs,
nails, claws, and horns, which have evolved to serve specialized functions
in different groups of vertebrates.

3.1.1 General Structure of the Integument

In a typical vertebrate, the integument consists of two primary layers: the
epidermis and the dermis, underlaid by a subcutaneous layer.

1. Epidermis:

The epidermis is derived from the ectoderm and is composed mainly of
stratified squamous epithelium. In its deepest layer, known as the stratum
basale or germinativum, mitotically active cells continuously divide to
replace the superficial cells. As these cells migrate outward, they undergo
keratinization, a process in which the cytoplasm is gradually replaced by
keratin, a tough, fibrous protein. This process provides resistance to
mechanical stress and water loss. The outermost layer, the stratum
corneum, consists of dead, flattened keratinized cells that are periodically
shed.

2. Dermis:
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The dermis lies beneath the epidermis and is derived from the mesoderm.
It is composed of connective tissue rich in collagen and elastic fibers,
blood vessels, lymphatics, and sensory nerve endings. The dermis supports
and nourishes the epidermis and houses various glands, pigment cells, and,
in some species, muscles that move the integumentary derivatives (for
example, the erector muscles of hair in mammals).

The dermis often contains specialized chromatophores (pigment cells)
such as melanophores, xanthophores, and iridophores, which are
responsible for skin coloration and patterns. In some species, these
pigment cells can rapidly expand or contract, producing dynamic changes
in color for camouflage or signaling.

hair shaft

sweat pore

dermal papilla
Meissner’s corpuscle
(tactile corpuscle)

stratum corneum —
pigment layer

stratum germinativum
stratum spinosum
stratum basale

| eriDERMIS

~ DERMIS

arrector pili muscle
sebaceous gland
hair follicle
SUBCUTIS

* [ (hypodermis;
papilla of hair (hyp! )

nerve fiber

blood and i i
lymph vessels 4

sweat gland

Pacinian corpuscle

Fig3.1: V.S of skin

3.1.2Functions of the Integument

The integument serves as a multifunctional organ. It forms the first line of
defense against pathogens, provides mechanical protection against injury,
and minimizes water loss in terrestrial animals. It participates in the
synthesis of vitamin D, contains sensory receptors that detect touch,
temperature, and pain, and often houses glands that secrete substances
ranging from lubricating oils to toxic or defensive chemicals. In many
vertebrates, the integument also functions in thermoregulation by means
of sweating, panting, or the erection of hairs or feathers to trap air.

Integumentary Derivatives

Through evolutionary modification, the integument has given rise to a
remarkable diversity of structures that aid in survival, reproduction, and
adaptation to different environments. These derivatives are usually
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keratinous in nature and arise as outgrowths of the epidermis, often
supported or modified by the dermis.

Epidermal Derivatives

Epidermal derivatives arise purely from the ectodermal epidermal layer.
These structures are typically composed of keratin, a resilient protein, and
they project outward as protective or functional appendages. In many
cases, dermal papillae support their development, but their origin remains
epidermal.

Key Epidermal Derivatives:
. Epidermal Scales:

In reptiles and some mammals (such as pangolins), scales are entirely
epidermal and keratinized. They form overlapping shields that prevent
water loss and provide mechanical protection. Scales are protective
structures that cover the body surface of many vertebrates. In fishes,
placoid scales (in cartilaginous fishes), ganoid scales (in primitive bony
fishes), and cycloid or ctenoid scales (in modern teleosts) are typical.
These scales not only protect against injury and predators but also reduce
friction during swimming. In reptiles, the scales are entirely epidermal and
composed of keratin, forming a tough, overlapping shield that minimizes
water loss and provides mechanical protection.

SNAZES & LIZARDS

oMy epidermal scakts  berry dermol acwees boey denTo! piates  homy epidenmal plates

CROCCOLLNS & TURTLES

CERTAIN L2ARDS

Fig 3.2 various types of scales in vertebrates

Feathers:

Unique to birds, feathers develop from epidermal placodes and are
anchored in follicles that dip into the dermis. Feathers are composed of -
keratin, lightweight and strong, providing aerodynamic surfaces for flight,
insulation, and ornamental displays. Feathers are highly specialized
derivatives unique to birds, arising from the epidermis but intricately
supported by dermal papillae. They are primarily composed of keratin and
serve a variety of functions, including flight, insulation, display, and
camouflage. The complex arrangement of barbs and barbules in contour
feathers creates a smooth aerodynamic surface, while down feathers trap

air to conserve body heat.
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Hair and Fur:

These develop from epidermal downgrowths called hair follicles, which
extend into the dermis. The hair shaft is composed of keratin, while
associated sebaceous glands lubricate the hair and skin. Hair aids in
insulation, sensory detection (vibrissae), and signaling. Hairs are slender
keratinous outgrowths of the mammalian epidermis. They develop from
invaginations called hair follicles that extend into the dermis. Hairs serve
as insulation, sensory structures (as in vibrissae or whiskers), and
sometimes as display elements in social communication. The arrector pili
muscles attached to hair follicles enable hairs to stand erect, trapping air
for insulation or signaling aggression or fear.

. Claws, Nails, and Hooves:

All these are keratinized plates formed by specialized epidermal layers:

o Claws (curved) assist in grasping, tearing, or
defense.
o Nails (flattened) protect sensitive fingertips and

enhance tactile sensation.

o Hooves (thickened and hardened) withstand
friction and impact in running animals.

Cali

. Beaks (Rhamphotheca):

In birds and turtles, the jaws are covered with a keratinous epidermal
sheath forming a beak or bill. This structure replaces heavy teeth and is
adapted for various feeding habits.

skin pointed unguis flal nail plate or blunt
unguis unguis or
vascular '} __ hoof on tip
pad on tip of digit
— claw “of digit

subungual area

skin fold 'ast tapering

phalanx nail root nail groove lerminal phalanx

blunt
terminal

phalanx

pointed

4 unguis unguis

dermis dermis
epidermis  cuneus subunguis

epidermis NAIL HOOF
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Fig 3.3: Relation between claw, nail and hoof
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Horns and Antlers

Horns and antlers are also integumentary derivatives, though they
incorporate both epidermal and dermal components:

. True horns (such as those of cattle and antelopes) are
permanent, keratin-covered dermal projections.

. Antlers (as in deer) are bony outgrowths of the skull that
are seasonally shed and regrown, initially covered by a
vascularized skin called velvet during their development.

. Epidermal Glands:

Several types of glands originate in the epidermis:

0 Sebaceous glands (mammals) secrete oily sebum.

o Sweat glands aid in thermoregulation.

o Mammary glands are highly modified sweat
glands producing milk.

o Scent glands secrete = pheromones  for
communication.

SIMPLE SIMPLE
TUBULAR ALVEOLAR

COMPOUND
TUBULAR

COMPOUND
ALVEOLAR

Fig3.4: Epidermal glands

Significance:

Epidermal derivatives are primarily protective and help animals adapt to
terrestrial life by reducing water loss, aiding locomotion, or participating
in social and reproductive behaviors.
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Dermal Derivatives

Dermal derivatives originate from the mesodermal connective tissue of the
dermis. These structures often include bone or dentine and are typically
found in fishes and some reptiles. In many cases, the epidermis covers
these dermal components, but the skeletal material itself is dermal in
origin.

Key Dermal Derivatives:
. Dermal Scales in Fishes:

Placoid scales (sharks and rays) have a dentine core and an enamel-like
surface, making them miniature tooth-like structures embedded in the
dermis. Ganoid scales (gars) have a bony base with a shiny ganoine layer,
while cycloid and ctenoid scales (teleost fishes) are thin dermal plates
providing flexibility and protection.

. Dermal Bones:

Many early vertebrates had bony armor plates formed in the dermis, some
of which persist in modern species as parts of skull roofing bones or turtle
shells (the carapace and plastron are primarily dermal in origin).

. Horns with Bony Cores:

In true horns (cattle, sheep, antelopes), the central supportive structure is
dermal bone, which is then covered by a keratinous epidermal sheath.

Antlers (deer) are entirely bony dermal outgrowths that are seasonally
shed.

. Osteoderms:

Found in crocodilians and some lizards, these are bony plates formed
within the dermis that contribute to the rigidity and protection of the
integument.

Significance:

Dermal derivatives provide strong structural support and defense. In
aquatic vertebrates, they help streamline the body, while in reptiles and
certain mammals, they offer protection against predators and
environmental stress.

Integration of Epidermal and Dermal Components

In many integumentary structures, the epidermis and dermis work
together. For instance, in hair follicles and feathers, the epidermis forms
the visible structure, while the dermis supplies nourishment and anchorage
through dermal papillae. In horns, a dermal bony core is covered by an
epidermal sheath. This collaboration illustrates how integumentary
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derivatives are not isolated inventions but products of the coordinated
evolution of the skin’s layers.

CHORDATES AND Summary:
COMPARATIVE The integument in vertebrates is a complex organ system composed of
ANATOMY epidermis (ectodermal, keratinized) and dermis (mesodermal, connective

tissue), serving roles in protection, thermoregulation, sensory input, and
communication. It gives rise to diverse derivatives:

. Epidermal derivatives: scales, feathers, hairs, claws,
nails, hooves, beaks, horns (keratin sheath), and glands (sebaceous,
sweat, mammary, scent).

. Dermal derivatives: placoid, ganoid, cycloid, and ctenoid
scales; dermal bones (skull, turtle shell); osteoderms; bony cores
of horns; antlers.

Many derivatives are formed by the combined action of epidermis and
dermis, illustrating evolutionary cooperation between skin layers.

A.Multiple Choice Questions (MCQs)

1. The stratum basale of the epidermis is primarily
responsible for:

a) Pigment production
b) Keratinization
c) Cell division and replacement
d) Sensory reception
Answer: ¢) Cell division and replacement
2. Placoid scales are characteristic of:
a) Amphibians
b) Cartilaginous fishes
c¢) Birds
d) Mammals
Answer: b) Cartilaginous fishes

3. Which of the following integumentary derivatives are
unique to mammals?

a) Feathers and beaks

b) Hair and mammary glands
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¢)
d)

Scales and osteoderms

Antlers and claws

Answer: b) Hair and mammary glands

4,

Antlers differ from true horns in that they:
Have a keratin sheath

Are permanent structures

Are entirely bony and shed annually

Lack a dermal component

Answer: c) Are entirely bony and shed annually

5.

d)

Osteoderms are found in:
Birds

Mammals only

Crocodilians and some lizards

Amphibians

Answer: ¢) Crocodilians and some lizard

B.Short Answer questions

1.

Differentiate between epidermal and dermal derivatives

with examples.

2.
3.

What role do chromatophores play in the integument?

Explain how feathers and hair demonstrate epidermal—

dermal integration.

4. How do integumentary glands aid in thermoregulation and
communication?
5. State two key differences between horns and antlers.
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UNIT 3.2

General plan of circulation in various groups

3.2 Introduction:

The circulatory system is one of the most rudimentary physiological
systems in animals, developing from diffusion mechanisms in primitive
organisms to

complex, systematized solutions in vertebrates. This tour de force covers
topics

such as blood structure and function, the evolutionary journey of the
heart, the

formation of aortic arches, and the specialized portal systems that have
evolved through the different taxonomic groups.

3.2.1 Structure and Function of Blood
Introduction

Blood is a specialized connective tissue that circulates throughout the
body, linking all organs and tissues. It plays a vital role in transport,
regulation, defense, and maintaining homeostasis. Blood not only carries
oxygen, nutrients, and hormones to cells, but also removes waste
products like carbon dioxide and nitrogenous compounds. Additionally, it
participates in immune defense, blood clotting, and temperature
regulation. In vertebrates, blood is a dynamic tissue composed of a fluid
portion called plasma and cellular components known as formed
elements, each performing distinct yet complementary functions.

Composition of Blood

Blood is typically composed of 55% plasma and 45% formed elements
by volume (hematocrit). Its composition varies slightly among species
and with physiological conditions.

1. Plasma
Plasma is a pale yellow liquid making up the majority of blood
volume. It consists of 90-92% water and 8—10% dissolved
substances, which include:

o Plasma Proteins:

= Albumins — Maintain osmotic pressure and help
in transport of small molecules.
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= Globulins — Include antibodies
(immunoglobulins) for immune defense and
transport proteins.

= Fibrinogen — Essential for blood clot formation.

= Regulatory Proteins — Enzymes, hormones, and
proenzymes for metabolic regulation.

o Electrolytes: Sodium, potassium, calcium, magnesium,
chloride, bicarbonate, phosphate ions regulate osmotic
balance, acid-base equilibrium, and nerve/muscle activity.

o Nutrients: Glucose, amino acids, fatty acids, vitamins,
and minerals for cellular metabolism.

o Respiratory Gases: Oxygen (minor amount dissolved in
plasma) and carbon dioxide (as bicarbonate).

o Metabolic Waste Products: Urea, creatinine, bilirubin,
and uric acid transported to excretory organs.

2. Formed Elements
Formed elements are suspended in plasma and include
erythrocytes, leukocytes, and platelets:

o Red Blood Cells (Erythrocytes):
Erythrocytes are biconcave, anucleate in mammals
(nucleated in non-mammals), and packed with
hemoglobin. They transport oxygen from lungs or gills to
tissues and facilitate carbon dioxide removal. Their shape
increases surface area for gas exchange and allows
flexibility to pass through capillaries.

o White Blood Cells (Leukocytes):
Leukocytes are nucleated cells involved in immune
defense. They are classified into:

= Granulocytes: Neutrophils (phagocytosis),
Eosinophils (parasite defense, allergic responses),
Basophils (histamine release).

= Agranulocytes: Lymphocytes (antibody
production, cellular immunity), Monocytes
(differentiate into macrophages for phagocytosis).

o Platelets (Thrombocytes):
Small, anucleate fragments derived from megakaryocytes
in the bone marrow. Platelets are crucial for blood
coagulation, forming a temporary plug at injury sites and
initiating the fibrin clot formation.
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Functions of Blood

1.

Transport Function

o

Gases: Carries oxygen to tissues and carbon dioxide to
lungs or gills.

Nutrients: Distributes glucose, amino acids, lipids, and
vitamins from the digestive system to cells.

Hormones: Transports chemical messengers from
endocrine glands to target organs.

Excretory Products: Moves urea, creatinine, and other
waste compounds to kidneys, liver, or skin for excretion.

Regulatory Function

@)

Maintains body temperature by distributing heat
generated in muscles and organs.

Regulates pH through buffer systems such as bicarbonate,
phosphate, and proteins.

Controls osmotic balance and water distribution,
ensuring fluid homeostasis between plasma and tissues.

Protective Function

@)

Immune defense: Leukocytes and antibodies protect
against infections, pathogens, and foreign substances.

Coagulation: Platelets and clotting factors prevent
excessive blood loss after injury and initiate wound
healing.

Inflammation: Leukocytes migrate to damaged tissues to
remove pathogens and debris.

Homeostatic Function

o

Maintains electrolyte balance, acid-base equilibrium,
and fluid volume, contributing to overall homeostasis.

Participates in detoxification by carrying waste products
to excretory organs.
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Fig 3.5: Composition of blood

3.2.2: Evolution of heart: Structure and Adaptations in Vertebrates
Origin of the Primitive Heart

The earliest vertebrate heart was a simple contractile tube, comparable to
that of amphioxus (lancelet). It acted mainly as a pulsating vessel, moving
blood forward through peristaltic contractions.

Heart in Cartilaginous Fishes (Chondrichthyans)

In sharks and rays, the heart retains a four-part sequence—sinus venosus,
atrium, ventricle, and conus arteriosus. The ventricle is highly muscular,
producing strong contractions, while valves in the conus arteriosus prevent
backflow, ensuring efficient forward circulation in these active predators.

Heart in Bony Fishes (Osteichthyans)

Teleost fishes show further refinements. The conus arteriosus is reduced,
and a new elastic chamber, the bulbus arteriosus, acts as a pressure
reservoir. This maintains continuous blood flow during ventricular
relaxation, supporting the high energy needs of modern ray-finned fishes.
Transition in Lungfishes and Early Tetrapods

In lungfishes and primitive tetrapods, the atrium becomes partially
divided, reducing the mixing of oxygenated and deoxygenated blood. This
adaptation is significant for air-breathing and higher oxygen demand.
Lungfishes, with both gills and primitive lungs, represent an intermediate
stage.
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Heart in Reptiles

Most reptiles have a three-chambered heart with partial ventricular
division, reducing blood mixing. Crocodilians are unique, with a
completely divided four-chambered heart, independently evolved from
birds and mammals. They also retain special shunts (e.g., foramen of
Panizza) for diving adaptations.

Avian Heart Adaptations

Birds possess proportionally larger hearts than mammals of similar size,
with thick-walled ventricles and faster intrinsic heart rates. These
adaptations meet the extreme metabolic demands of flight.

Mammalian Heart Adaptations

Mammals evolved specialized conduction systems (sinoatrial node,
atrioventricular node, Purkinje fibers) for precise heartbeat coordination.
The left ventricle is exceptionally muscular, pumping blood into systemic
circulation at high pressure.

Developmental and Cellular Evolution

Embryonic heart development begins as a simple tube across all
vertebrates, later looping and septating to varying extents. Endothermic
vertebrates (birds, mammals) show advanced cardiac myocyte structures
with denser mitochondria and organized myofibrils to sustain higher
metabolic activity.

Nervous and Hormonal Regulation

Heart regulation became more sophisticated in tetrapods, with autonomic
nervous control and hormonal responses (e.g., catecholamines, natriuretic
peptides). These mechanisms are conserved but exhibit lineage-specific
adaptations
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Fig3.6: Evolution of heart

3.2.3Aortic Arches: Evolution and Function Across Vertebrates
Primitive Vertebrate Condition

In jawless fishes, blood exits the heart via the ventral aorta and flows
through six paired aortic arches, supplying gills for oxygenation before
merging into the dorsal aorta.

Aortic Arches in Jawed Fishes

. Cartilaginous fishes: Arches I and II are reduced for jaw
and head circulation, while arches III-VI supply the gills.

. Bony fishes: Teleosts develop complex branching within
the gills to increase gas exchange efficiency.

Transition in Lungfishes and Amphibians

As lungs evolved, the arches were remodeled. Lungfishes and amphibians
show transitional patterns where arches support both gills (in larvae) and
lungs. In adult amphibians:

. Arch III — carotid artery (head circulation)

Arch IV — systemic arch (body circulation)

. Arch VI — pulmonary  arteries (lung
circulation)

Arches I, 11, and V regress.
Aortic Arches in Reptiles

Reptiles typically retain both right and left fourth arches as systemic
arches (double aortic arch). Arch III remains the carotid, and arch VI forms
the pulmonary arteries.

Aortic Arches in Birds

Birds retain only the right fourth arch as the systemic aortic arch. The
left fourth arch degenerates.

Aortic Arches in Mammals

Mammals retain the left fourth arch as the systemic aortic arch. The right
fourth arch contributes to the right subclavian artery. Arch VI forms
pulmonary arteries and the ductus arteriosus in the fetus.

Developmental Regulation

Aortic arch development is controlled by conserved signaling pathways
(Notch, Wnt, BMP, FGF) and transcription factors (Hox, Tbx). These
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regulate both the initial symmetrical formation of arches and their
lineagespecific remodeling.

Evolutionary Significance

The transformation of gill-supporting arteries into systemic and
pulmonary circulation highlights how ancestral structures were
repurposed for new functions. Embryonic development recapitulates this
evolutionary history, as all vertebrates initially form multiple arches before
remodeling them into adult vascular structures.
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Fig 3.7: Evolution of aortic arches

3.2.4Portal System
Introduction

A portal system is a specialized vascular arrangement in which blood
flows from one capillary network to another before returning to the heart.
Unlike the normal circulatory route where blood flows from arteries —
capillaries — veins — heart, portal systems provide a direct connection
between two capillary beds, allowing efficient transfer of substances
between organs without dilution in systemic circulation. Portal systems
are vital for regulating physiological functions, hormone transport, and
nutrient distribution.
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Major Portal Systems in Vertebrates
1. Hepatic Portal System

o Structure: Blood from the digestive organs (stomach,
intestines, pancreas, spleen) is collected by veins, which
converge into the hepatic portal vein. This vein carries
nutrient-rich blood to the liver sinusoids (second capillary
bed) before draining into the hepatic veins and eventually
the heart.

o Function:

= Transports absorbed nutrients directly to the liver
for metabolism, storage, or detoxification.

= Allows the liver to regulate blood glucose levels,
synthesize plasma proteins, and remove toxins
before systemic circulation.

Smal Gasiric Vein

splenic wein
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Right Gastric vein A
Superior Mesantens wen

Fig 3.8: Hepatic portal system

2. Hypophyseal (Pituitary) Portal System

o Structure: Found between the hypothalamus and
anterior pituitary in vertebrates. Hypothalamic capillaries
drain into portal veins that enter the anterior pituitary,
forming a second capillary network.

o Function:

= Facilitates rapid transport of hypothalamic
releasing and inhibiting hormones to the anterior
pituitary.

= Ensures precise regulation of anterior pituitary
hormone secretion (TSH, ACTH, GH, FSH, LH,
prolactin) without dilution in systemic blood.
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Fig3.9: Hypophyseal (Pituitary) Portal System

3. Renal Portal System (in some lower vertebrates)

o Structure: Blood from the posterior part of the body may
pass through renal veins into the kidneys via capillary
networks before returning to the heart.

o Function:

= Helps in efficient filtration and regulation of
excretory and water balance in the kidneys.

etconi v

Fig3.10: Renal portal system

Significance of Portal Systems

o Efficient Substance Transfer: Portal systems allow concentrated
delivery of nutrients, hormones, or metabolites to target organs.
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o Metabolic Regulation: For example, the hepatic portal system
helps regulate glucose levels and detoxifies harmful substances.

o Rapid Hormonal Control: Hypophyseal portal system ensures
quick communication between hypothalamus and anterior
pituitary, crucial for endocrine regulation.

o Adaptive Advantage: Portal systems reduce wastage and improve
the efficiency of organ-specific functions, supporting higher
metabolic demands in vertebrates.

Summary

Blood, a specialized connective tissue, consists of plasma and formed
elements—erythrocytes, leukocytes, and platelets—which together
perform essential functions including transport of gases, nutrients,
hormones, and wastes; regulation of body temperature, pH, and
osmotic balance; protection against pathogens; and maintenance of
homeostasis. The vertebrate heart has evolved from a two-chambered
structure in fishes to a three-chambered heart in amphibians and
most reptiles, and finally to a four-chambered heart in birds and
mammals, reflecting adaptations to double circulation, higher
metabolic demands, and separation of oxygenated and deoxygenated
blood. Correspondingly, aortic arches in vertebrates have undergone
evolutionary modifications: fishes possess multiple paired arches
supplying gills; amphibians and reptiles show partial loss and
remodeling for pulmonary and systemic circulation; while in
mammals and birds, the aortic arches form a definitive systemic and
pulmonary arterial system. Additionally, portal systems—such as the
hepatic portal system connecting the gut to the liver, the hypophyseal
portal system linking hypothalamus to anterior pituitary, and the renal
portal system in some lower vertebrates—allow efficient transfer of
nutrients, hormones, and metabolic products between capillary beds
before reaching systemic circulation. Together, these circulatory
adaptations illustrate the vertebrate evolutionary trend toward more
efficient transport, regulation, and metabolic support.

A.Multiple Choice Questions

1. Blood plasma is composed mostly of:
a) Water
b) Proteins
c) Electrolytes
d) Lipids

2. A two-chambered heart is found in:

a) Amphibians
b) Mammals
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c) Fishes
d) Birds

3. The main advantage of a four-chambered heart is:
a) Increased heart size
b) Complete separation of oxygenated and deoxygenated blood
¢) Reduced blood pressure
d) Single circulation

4. In fishes, aortic arches supply blood to:
a) Lungs
b) Gills
¢) Kidneys
d) Liver

5. The hepatic portal system connects:
a) Heart to liver
b) Gut to liver
c) Liver to kidney
d) Hypothalamus to pituitary

B.Short Answer Questions
1. Name the formed elements of blood and their main functions.

2. Describe the structural adaptation of erythrocytes for oxygen
transport.

3. Explain the evolution of the vertebrate heart from fish to mammals.
4. How are aortic arches modified in amphibians compared to fishes?
5. Define a portal system and give one example.

Summary:

The vertebrate integument refers to the skin and its various
derivatives, serving as a vital protective and functional interface
between the organism and its environment. It is composed of two
main layers: the epidermis, derived from the ectoderm, and the
dermis, derived from the mesoderm. Across different vertebrate
groups, the integument has evolved specialized structures such as
scales in fishes and reptiles, feathers in birds, and hair in mammals.
Other important derivatives include glands (sweat, sebaceous, and
mammary), claws, nails, and hooves, as well as horns, antlers, beaks,
and bills, which perform roles in protection, insulation,
communication, and locomotion. On the other hand, the general plan
of circulation in vertebrates exhibits an evolutionary trend from
simple to complex forms. Fishes possess a two-chambered heart with
single circulation, where blood passes through the heart only once

per cycle. In contrast, amphibians and most reptiles have a three-
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chambered heart and incomplete double circulation, allowing partial
mixing of oxygenated and deoxygenated blood. Crocodiles, birds,
and mammals have a four-chambered heart that supports complete
double circulation, ensuring efficient separation of oxygen-rich and
oxygen-poor blood. This progression in circulatory design
corresponds to increasing metabolic demands and the transition from
aquatic to terrestrial life among vertebrates.

A.Multiple Choice Questions

1. Blood plasma is mostly:
a) Water
b) Proteins
c) lons
d) Lipids

2. Mammalian RBCs are:
a) Nucleated
b) Anucleate
¢) Multinucleated
d) Fragmented

3. Which vertebrate has a two-chambered heart?
a) Amphibians
b) Fishes
c) Birds
d) Mammals

4. Crocodilians have:
a) 3-chambered heart
b) 4-chambered heart
c¢) 2-chambered heart
d) Single chamber heart

5. The hepatic portal system carries blood from:
a) Heart to liver
b) Gut to liver
c¢) Kidney to heart
d) Liver to heart

6. Birds have how many systemic aortic arches?
a) Two
b) One (left)
c¢) One (right)
d) None

7. Function of platelets:
a) Transport oxygen
b) Immunity
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10.

¢) Blood clotting
d) Hormone transport

Partial mixing of blood occurs in which vertebrates?
a) Fishes

b) Amphibians and most reptiles

¢) Birds

d) Mammals

Portal system ensures:

a) Direct transfer between capillary beds
b) Slower circulation

c¢) Blood pressure regulation only

d) Heart rhythm regulation

Evolutionary trend of aortic arches:

a) Single — multiple — lost

b) Multiple — remodeled — selective retained
¢) Random — systematic — lost

d) None

B.Short Answer Questions

1.

2
3
4
5.
6
7
8
9

10.

Name the formed elements of blood and their functions.

Explain the significance of the four-chambered heart.

What is a portal system? Give two examples.

Describe aortic arch modifications from fishes to mammals.

How does the hypophyseal portal system aid endocrine function?
Give one structural difference between mammalian and fish RBCs.
Why do birds need high-pressure systemic circulation?

Describe the function of the hepatic portal system.

What is double circulation?

Mention one evolutionary advantage of the renal portal system.

C.Long Answer Questions

1.
2.

Discuss the structure and functions of blood in vertebrates.

Explain the evolution of the vertebrate heart and its functional
significance.

Describe the evolutionary modifications of aortic arches from
fishes to mammals.
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4. Compare the hepatic, hypophyseal, and renal portal systems.

5. Explain the vertebrate evolutionary trend in circulatory efficiency.

6. Compare circulatory adaptations in fishes, amphibians, reptiles,
birds, and mammals.

7. Explain how portal systems contribute to metabolic regulation.

8. Discuss the role of blood, heart, and portal systems in maintaining
homeostasis.

9. Describe the significance of separation of oxygenated and
deoxygenated blood in endotherms.

10. Write an essay on vertebrate circulatory adaptations supporting
high metabolic rates.
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MODULE 4
COMPARATIVE ANAMTOMY 11

Objective

e To compare and contrast the digestive systems of different
vertebrate groups.

e To analyze the evolutionary modifications in respiratory organs.

e To study skeletal adaptations in vertebrates.

e To understand the variations in the urinogenital system across
vertebrates.

UNTI 4.1
Comparative account of digestive system in vertebrates
4.1General Overview

The alimentary canal, also called the digestive tract, is a continuous
muscular passage through which food is ingested, processed, and
ultimately egested in all vertebrates. It begins at the mouth, where food is
received and often mechanically broken down by teeth, beaks, or other
structures, and it terminates at an anus or cloaca, through which
indigestible material is eliminated. Along its length, the canal is regionally
specialized into successive segments, each with a particular role in the
complex process of digestion and absorption. The mouth opens into the
buccal cavity, which in most vertebrates is lined with mucus and often
provided with salivary glands or similar secretory organs that moisten food
and, in higher vertebrates, initiate enzymatic digestion. The buccal cavity
leads posteriorly to the pharynx, a common chamber shared by both
digestive and respiratory systems, from which the food passes through the
esophagus, a muscular tube that transports it to the stomach by peristaltic
movements. The stomach, typically a distensible sac, is a site for
temporary storage and chemical breakdown of food, its walls often lined
with glands that secrete acid and proteolytic enzymes. Following the
stomach is the intestine, usually differentiated into a small intestine, where
most chemical digestion and absorption occur, and a large intestine, which
compacts waste and absorbs water. In many vertebrates, the intestine
opens into a cloaca—a common chamber for the digestive, urinary, and
reproductive tracts—while in others it terminates directly as an anus.

Complementing the canal are associated digestive glands, notably the
liver, pancreas, and in higher vertebrates, well-developed salivary glands.
These glands secrete bile, pancreatic juices, and other fluids that play vital
roles in emulsifying fats, digesting carbohydrates and proteins, and
maintaining an alkaline environment for enzymatic activity. Despite
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following this general plan, the alimentary canal in different vertebrate
groups shows striking modifications in shape, length, and complexity,
directly related to their dietary habits, metabolic needs, and evolutionary
history.

General Overview of Digestive Glands

Alongside the alimentary canal, vertebrates possess several accessory
digestive glands that play indispensable roles in the chemical processing
of food. These glands do not form part of the food passage but are
anatomically connected to it through ducts. They secrete various
substances—such as enzymes, mucus, acids, and bile—that facilitate the
conversion of complex food materials into absorbable nutrients.

The most universally present glands are salivary glands, liver, and
pancreas. Salivary glands, typically opening into the buccal cavity,
moisten food, aid in lubrication for swallowing, and, in higher vertebrates,
initiate carbohydrate digestion through enzymes like amylase. The liver,
the largest gland in the body, is a metabolic hub as well as a digestive
gland; it secretes bile, which emulsifies fats and aids their digestion. The
pancreas secretes a cocktail of digestive enzymes (lipase, amylase,
proteases) and bicarbonate ions that neutralize gastric acid and act in the
small intestine to break down carbohydrates, proteins, and fats.

Some groups also possess additional specialized glands or modifications
of these basic structures, reflecting their ecological and dietary needs.
Collectively, these glands work in close coordination with the alimentary
canal to ensure efficient digestion and absorption of nutrients.

Fishes

In cyclostomes (like lampreys and hagfishes), the alimentary canal is
straight and relatively simple, suited to their parasitic or scavenging habits.
The mouth lacks jaws but is provided with rasping structures (in lamprey)
or tentacles (in hagfish). There is no true stomach; the esophagus leads
directly into an intestine that often has a spiral valve, a helical fold
increasing surface area for absorption.

In cartilaginous fishes (sharks and rays), the mouth opens ventrally,
leading to a short pharynx with numerous gill slits. The esophagus is wide
and muscular, leading to a J-shaped stomach capable of storing large
meals. The intestine contains a well-developed spiral valve, an adaptation
for efficient absorption in the absence of a long gut. Large digestive
glands, particularly a massive liver rich in oil, aid buoyancy and store
nutrients, while the pancreas lies diffusely embedded along the intestine
and releases enzymes through ducts.

In bony fishes, the alimentary canal shows further specialization. The
mouth is usually terminal with varied dentition according to feeding
habits—sharp teeth in carnivores, grinding pharyngeal teeth in herbivores.
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The stomach is usually well defined and may be simple or divided into
regions (cardiac, fundic, pyloric). Pyloric caeca, blind outgrowths at the
junction of stomach and intestine, are characteristic and secrete digestive
enzymes. A compact liver and pancreas contribute bile and pancreatic
juices.

Amphibians

Amphibians such as frogs exhibit a more terrestrial adaptation while
retaining features from their aquatic ancestors. The mouth is wide, with
sticky tongue and simple conical teeth for capturing prey. The pharynx
connects to a short esophagus leading to a sac-like stomach. From the
stomach, the duodenum receives secretions from the liver (via gall bladder
and bile duct) and pancreas, aiding in digestion of proteins and fats. The
small intestine is relatively long and coiled, facilitating increased
absorption compared to fishes. A large intestine terminates in a cloaca.
Salivary glands are present in most amphibians and begin carbohydrate
digestion in the buccal cavity, a feature absent in fishes.

Reptiles

Reptiles, being fully terrestrial, show further elaboration of the alimentary
canal. In most lizards and snakes, the mouth contains well-developed teeth
that may be homodont or heterodont, depending on diet. The tongue often
plays a sensory role as well as aiding in prey manipulation. The esophagus
is long and muscular, allowing storage or slow passage of food, which is
especially evident in snakes. The stomach is typically divided into a
muscular cardiac part and a glandular pyloric part. Intestinal coils are more
complex than in amphibians, with a well-differentiated small and large
intestine. Cloacal structure is retained. Digestive glands such as salivary
glands may be modified into venom glands in many snakes and some
lizards, showing functional specialization. The liver is bilobed and
secretes bile; the pancreas is discrete and drains into the duodenum.

Birds

Birds exhibit striking adaptations for flight and high metabolic demands.
The beak replaces teeth, but its shape is highly specialized according to
diet—seed-crushing, probing, tearing, or filter feeding. The pharynx and
esophagus lead to a prominent crop, a storage organ in many birds where
initial softening of food occurs. The stomach is divided into two distinct
regions: the proventriculus, a glandular part secreting gastric juices, and
the gizzard (ventriculus), a thick-walled muscular part that mechanically
grinds food, often with ingested grit. The small intestine is long and coiled,

allowing thorough absorption. Paired ceca are present at the junction of
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small and large intestine in many species, aiding fermentation of plant
material. The cloaca serves as a common outlet. Accessory glands include
a large bilobed liver producing bile, and a pancreas lying in the duodenal
loop, contributing enzymes. Salivary glands in birds are well developed to
moisten food and, in some species, secrete sticky fluids to capture insects.

Mammals

In mammals, the alimentary canal is most highly specialized, with marked
differences in dentition, gut length, and compartmentalization according
to diet. The mouth cavity bears heterodont dentition—incisors, canines,
premolars, and molars—each adapted for specific functions. Salivary
glands (parotid, submaxillary, sublingual) are well developed and secrete
saliva containing enzymes like amylase, initiating carbohydrate digestion.

The esophagus leads to a stomach that may be simple (as in carnivores and
omnivores) or complexly chambered (as in ruminants). In ruminants like
cows, the stomach differentiates into rumen, reticulum, omasum, and
abomasum, allowing microbial fermentation of cellulose before enzymatic
digestion. The small intestine is greatly coiled, with distinct duodenum,
jejunum, and ileum, ensuring maximum absorption. The large intestine
often has a cecum, especially well developed in herbivores for
fermentation. The rectum opens externally through the anus.

The liver in mammals is large and lobed, producing bile and performing
multiple metabolic functions. The pancreas is discrete and secretes a broad
spectrum of digestive enzymes and bicarbonate, essential for digestion in
the small intestine.

Comparative Insights

Across vertebrates, the evolutionary trend 1s towards greater
compartmentalization and increased surface area for absorption. Primitive
fishes rely on spiral valves, while higher vertebrates develop longer, more
coiled intestines. Accessory glands become more complex and numerous,
aiding in pre-digestion (salivary glands) or enzymatic breakdown
(pancreas). The liver remains a central organ in all groups, reflecting its
early evolutionary origin and multifunctional role. Modifications such as
the bird gizzard or the ruminant fore-stomach highlight adaptive
divergence shaped by diet and ecology.
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Fig4.1: Digestive Tract of vertebrates
General Overview of Digestive Glands

Alongside the alimentary canal, vertebrates possess several accessory
digestive glands that play indispensable roles in the chemical processing
of food. These glands do not form part of the food passage but are
anatomically connected to it through ducts. They secrete various
substances—such as enzymes, mucus, acids, and bile—that facilitate the
conversion of complex food materials into absorbable nutrients.

The most universally present glands are salivary glands, liver, and
pancreas. Salivary glands, typically opening into the buccal cavity,
moisten food, aid in lubrication for swallowing, and, in higher vertebrates,
initiate carbohydrate digestion through enzymes like amylase. The liver,
the largest gland in the body, is a metabolic hub as well as a digestive
gland; it secretes bile, which emulsifies fats and aids their digestion. The
pancreas secretes a cocktail of digestive enzymes (lipase, amylase,
proteases) and bicarbonate ions that neutralize gastric acid and act in the
small intestine to break down carbohydrates, proteins, and fats.
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Some groups also possess additional specialized glands or modifications
of these basic structures, reflecting their ecological and dietary needs.
Collectively, these glands work in close coordination with the alimentary
canal to ensure efficient digestion and absorption of nutrients.

CHORDATES AND
COMPARATIVE

Comparative Account of Digestive Glands in Vertebrates ANATOMY
1. Digestive Glands in Fishes

In jawless fishes (cyclostomes), salivary glands are rudimentary or absent,
as their feeding often involves sucking or rasping rather than mastication.
The liver is prominent and often rich in lipids, serving both buoyancy and
nutritional storage functions. A diffuse pancreas is typically present,
embedded in the intestinal tissue, releasing its secretions into the gut
through simple ducts. In cartilaginous fishes like sharks, the liver is
extraordinarily large and oily, producing bile and contributing to
buoyancy. Salivary glands are not distinctly developed, as food
manipulation in the mouth is minimal. The pancreas is often lobed and
well supplied with ducts leading to the intestine, ensuring enzymatic
digestion of proteins and fats. In bony fishes, discrete salivary glands are
still uncommon, but mucus cells in the mouth perform lubricating
functions. The liver is well developed, often bilobed, and the pancreas is
more compact than in cartilaginous fishes, delivering enzymes through
one or more ducts into the intestine.

2. Digestive Glands in Amphibians

Amphibians such as frogs and salamanders show more advanced glandular
development suited to their terrestrial life. Three pairs of salivary glands—
lingual, submaxillary, and palatine—open into the buccal cavity and
secrete mucus and, in some species, a small amount of digestive enzymes,
helping in prey capture and lubrication. The liver is large and bilobed,
producing bile stored in the gall bladder before being released into the
duodenum. The pancreas is a distinct gland lying within the mesentery
between stomach and duodenum, producing a range of enzymes such as
trypsin, lipase, and amylase for intestinal digestion.

3. Digestive Glands in Reptiles

In reptiles, the salivary glands are well developed, often tubular, and
produce mucus or serous secretions; in some snakes and lizards, they are
modified into venom glands that secrete toxic enzymes for prey
immobilization and predigestion. The liver is typically large, lobed, and
capable of storing glycogen and lipids, with bile ducts leading to a gall
bladder. The pancreas is compact and drains through pancreatic ducts into
the duodenum, secreting a wide array of enzymes for protein and lipid
digestion. Reptilian glands show a greater degree of functional
specialization compared to amphibians.
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4. Digestive Glands in Birds

Birds exhibit salivary glands that are highly variable in size and function
depending on diet. Many birds have salivary glands that secrete sticky
mucous fluids, useful in capturing insects or binding nest material. In
nectar-feeding birds, these glands are particularly well developed. The
liver is large and bilobed, situated anterior to the proventriculus, producing
bile for fat digestion; the gall bladder is present in most but absent in some
birds such as pigeons. The pancreas is well developed and lies in the loop
of the duodenum, secreting digestive enzymes and bicarbonates. These
glands operate in concert with the highly specialized avian stomach
(proventriculus and gizzard) to process food rapidly and efficiently,
meeting the high energy demands of flight.

5. Digestive Glands in Mammals

Mammals exhibit the most complex and specialized arrangement of
digestive glands. Salivary glands are present in three major pairs—
parotid, submaxillary, and sublingual—along with numerous minor buccal
glands. Their secretions not only lubricate food but also contain enzymes
like salivary amylase (ptyalin) that initiate carbohydrate digestion in the
mouth. In some species, additional glands (e.g., labial, palatine) provide
supplementary secretions. The liver in mammals is highly lobulated and
multifunctional, producing bile, detoxifying blood, storing glycogen, and
synthesizing plasma proteins. The pancreas is compact and divided into
endocrine and exocrine portions; the exocrine part secretes enzymes such
as amylase, lipase, trypsin, and chymotrypsin into the duodenum, while
bicarbonate neutralizes gastric acids. In ruminants and other herbivores,
these glandular secretions are adapted to handle large volumes of
cellulose-rich food, often in conjunction with microbial fermentation.

1.3.1Comparative Perspective

Across vertebrates, the trend is toward increasing complexity and
specialization of digestive glands. Fishes rely mainly on liver and diffuse
pancreas, with minimal salivary function. Amphibians show the
appearance of true salivary glands and a distinct pancreas. Reptiles
introduce further specialization, including venom-modified glands. Birds
demonstrate adaptive variability in salivary secretion and maintain highly
efficient liver and pancreas function. Mammals, at the apex of glandular
evolution, possess multiple, specialized salivary glands and highly
functional liver and pancreas suited to diverse diets. These glands illustrate
how vertebrate evolution has continuously refined digestion to exploit
available food resources effectively.
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Fig 4.2: Alimentary canal and its chief derivative in vertebrates

Summary:

The vertebrate alimentary canal is a continuous tube from mouth to
anus/cloaca, regionally specialized for ingestion, digestion, absorption,
and egestion. Associated glands—salivary glands, liver, and pancreas—
aid chemical digestion.

. Fishes: simple gut, spiral valve, large liver (buoyancy &
bile), diffuse pancreas.

. Amphibians: true salivary glands appear, simple stomach—
intestine, distinct pancreas and liver.

. Reptiles: greater specialization; salivary glands modified
into venom glands in some species.

. Birds: crop, proventriculus (glandular), gizzard
(mechanical), paired ceca; glands adapted to diet.

. Mammals: most complex—heterodont dentition, long
coiled intestines, ruminant chambered stomach, multiple salivary
glands, highly functional liver and pancreas.

Evolutionary trend: increasing compartmentalization of gut and
specialization of glands for dietary adaptation.

A. Multiple Choice Questions
1. In cyclostomes, the intestine is characterized by:
a) Cloaca
b) Spiral valve

c) Pyloric caeca

79
MATS Centre for Distance and Online Education, MATS University

CHORDATES AND
COMPARATIVE
ANATOMY



d) Rumen

Answer: b) Spiral valve

CHORDATES AND 2. The gizzard in birds is primarily used for:
COMPARATIVE

a) Secretion of gastric juices
ANATOMY

b) Fermentation of cellulose

¢) Mechanical grinding of food

d) Absorption of nutrients
Answer: ¢) Mechanical grinding of food

3. In mammals, which enzyme in saliva begins carbohydrate
digestion? a) Lipase

b) Amylase (ptyalin)
c) Pepsin
d) Trypsin
Answer: b) Amylase (ptyalin)
4. The liver of sharks is unusually large because it:
a) Stores bile only
b) Contributes to buoyancy with oil reserves
c) Is the site of cellulose fermentation
d) Produces venom
Answer: b) Contributes to buoyancy with oil reserves

5. Which vertebrates possess venom-modified salivary
glands?

a) Amphibians
b) Reptiles

c) Birds

d) Mammals

Answer: b) Reptiles

B.Short Answer Questions
1. Describe the modifications of the alimentary canal in birds

and relate them to their high metabolic demands.
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2. Compare the digestive glands in fishes, amphibians,
reptiles, birds, and mammals.

3. Explain the adaptations of the mammalian ruminant

stomach for cellulose digestion. CHORDATES AND

4, Write short notes on: COMPARATIVE
ANATOMY

a) Pyloric caeca in bony fishes
b) Venom glands in reptiles

¢) Role of pancreas in vertebrate digestion
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UNIT 4.2

Comparative Account of Respiratory Organs in Vertebrates

4.2Gills
Introduction

Gills represent one of the most fundamental and ancient respiratory
structures in aquatic animals. They are specialized organs that enable gas
exchange between the organism and the surrounding water, allowing
oxygen uptake and carbon dioxide elimination. Since oxygen is much less
abundant in water compared to air, aquatic organisms have evolved
complex structural and physiological adaptations to make this process
efficient. Gills are therefore not only essential for respiration but also act
as multifunctional organs involved in osmoregulation, acid-base
regulation, and waste removal. Their evolutionary refinement has allowed
aquatic animals, particularly fishes, to thrive in diverse aquatic
environments ranging from oxygen-rich rivers to oxygen-poor deep seas.

Structure and Counter-Current Exchange

The basic structure of a gill is designed to maximize the efficiency of
diffusion. Each gill arch bears rows of slender filaments that are further
divided into secondary lamellae, greatly increasing surface area. Within
the lamellae is a dense network of capillaries where blood flows in close
proximity to the surrounding water. The epithelial barrier between water
and blood is extremely thin, often only a few microns, minimizing the
diffusion distance for gases.

A crucial feature of gill function is the counter-current exchange
mechanism. Here, water flows across the gill surface in one direction,
while blood flows in the opposite direction. This arrangement maintains a
concentration gradient along the entire respiratory surface, ensuring that
oxygen consistently diffuses from water into blood. Even when the blood
leaving the gill approaches equilibrium with the incoming water, the
gradient is preserved, allowing oxygen uptake efficiencies as high as 80—
85% in some fish species. This system is far superior to parallel or
crosscurrent flow, which would result in much lower efficiency.

External and Internal Gills
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External gills are a primitive type of gill seen in amphibian larvae (like
tadpoles) and some neotenic amphibians (such as axolotls). These gills
extend outward from the head or neck region into the surrounding water
and resemble delicate, feathery or lace-like structures. Their position
allows direct exposure to water, facilitating rapid gas exchange. However,
this advantage comes with drawbacks: external gills are exposed to
predators, prone to drying if the animal leaves water, and cause drag during
swimming. They can also trap debris from the water, reducing efficiency.

In contrast, most fishes have evolved internal gills, which are protected
within gill chambers on either side of the pharynx. The gill chambers
communicate with the external environment through gill slits or are
shielded by opercula (bony covers in teleosts). Internal gills are more
efficient and less vulnerable than external ones. The movement of water
over internal gills is unidirectional: water is taken in through the mouth,
flows across the gill filaments, and exits through gill slits or opercular
openings. The pumping action of the mouth and operculum creates
pressure differences that drive water flow. This continuous, unidirectional
flow prevents the mixing of oxygen-rich and oxygen-depleted water,
optimizing gas exchange.

Microscopic Arrangement

At the microscopic level, fish gills display remarkable specialization. Each
gill arch supports multiple filaments, and each filament carries rows of
thin, plate-like secondary lamellae. The lamellae are the primary sites of
gas exchange, containing a dense capillary network that brings
deoxygenated blood very close to the water. The epithelial layer separating
blood and water is extremely thin, creating a diffusion distance often less
than 2—-3 microns. This minimal barrier, combined with the enormous
surface area provided by the lamellae, makes gill respiration highly
efficient.

The arrangement of water and blood in counter-current flow ensures that
oxygen always diffuses from water into blood, even as blood becomes
progressively oxygenated. This design prevents equilibrium from being
reached and allows fish to survive in environments where oxygen levels
are relatively low compared to air.

Physiological Roles Beyond Respiration

While gills are primarily respiratory organs, they also perform critical
additional physiological functions.

. Osmoregulation: In freshwater fishes, specialized
chloride cells in the gill epithelium actively absorb ions like

sodium and chloride to counteract the constant loss of salts to the
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hypotonic environment. Marine fishes, on the other hand, face the
opposite problem of excess salts, which they excrete through
chloride cells in the gills to maintain osmotic balance.

. Acid—Base Balance: Gills regulate pH by exchanging
hydrogen ions (H") and bicarbonate ions (HCOs~) with the external
environment. Enzymes such as carbonic anhydrase facilitate the
conversion of carbon dioxide into carbonic acid, which dissociates
into H* and HCOs". This exchange allows fishes to maintain stable
internal pH despite fluctuations in water chemistry.

. Excretion of Nitrogenous Wastes: In addition to kidneys,
gills also excrete ammonia, the primary nitrogenous waste of
fishes. Since ammonia is highly soluble in water, it readily diffuses
out across the gill epithelium into the surrounding water.

Together, these roles highlight that gills are multifunctional organs
essential for maintaining homeostasis in aquatic environments.

Evolutionary Diversity

Gills have evolved differently across animal groups, reflecting their
environmental and evolutionary pressures. Invertebrates display wide
variation in gill structures: horseshoe crabs possess book gills, while
polychaete worms have elaborate, feathery external gills. Among
vertebrates, hagfishes have unique pouch-like gills, while sharks and rays
(elasmobranchs) have multiple gill slits that are not covered by opercula.
Teleost fishes, the most advanced group, have internal gills protected by
opercula and supported by sophisticated pumping mechanisms that
regulate water flow.

This evolutionary progression from simple external gills to highly
specialized internal gills demonstrates the importance of respiratory
efficiency in enabling animals to colonize different aquatic habitats.

Environmental Influence

The efficiency of gill respiration is strongly shaped by environmental
conditions. In warm water, oxygen solubility decreases, reducing
availability, while metabolic rates of ectothermic animals increase, raising
oxygen demand. This dual effect makes respiration more challenging in
warmer environments. Similarly, water currents, turbidity, and oxygen
concentration all impact the diffusion gradient necessary for gas exchange.

Many aquatic organisms have evolved behavioral and physiological
adaptations to cope with these conditions. Some fish actively ventilate
their gills by increasing the pumping action of the mouth and operculum,

while others, like tuna and some sharks, rely on ram ventilation, swimming
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continuously to force water across their gills. Some species seek
oxygenrich microhabitats or adjust their activity levels to match oxygen
availability. These strategies emphasize the adaptability and importance of
gills as survival mechanisms in fluctuating aquatic environments.

 —————— Gill-filament

Capillaries

Alleren! blood vessel
Efterent blood vessel

Gill arch
Gill raker

Fig4.3: sectional view of gill filament

4.2.1: Lungs: Evolutionary Adaptations Across Vertebrates
General Structure

. Definition: Lungs are paired,sac-like organs specialized
for gaseous exchange with air.

. Basic Plan:

o Internal cavity connected to the external environment via air passages
(trachea/bronchi). o Thin, vascularized walls allow diffusion of oxygen
into blood and carbon dioxide out. o Surface area is increased by internal
folding, branching, or alveoli depending on the vertebrate group.

Evolutionary Transition of Vertebrate Lungs

The shift from water to land represents a pivotal milestone in vertebrate
evolution, largely driven by the development of lungs. These organs
enabled early vertebrates to exploit terrestrial habitats by solving the
challenge of breathing air. Unlike gills, which extract dissolved oxygen
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from water, lungs allow direct uptake of atmospheric oxygen, which is far
richer—about 21% —compared to the maximum of roughly 1% oxygen
available in water under ideal conditions. This transition in respiratory
medium demanded entirely new anatomical and physiological adaptations
across vertebrate lineages.

Origins of Vertebrate Lungs

The earliest lungs are found in certain primitive fishes, such as lungfish
(Dipnoi) and bichirs (Polypterus), which evolved as auxiliary organs to
gills in oxygen-poor waters. Structurally, these primitive lungs were
simple, balloon-like outpocketings of the digestive tract with smooth inner
walls. Despite their simplicity, they established the fundamental plan of
lung architecture: an internal sac connected to the pharynx, enabling air
inflow and outflow for gas exchange.

Amphibian Lungs

Amphibians represent the first vertebrates whose lungs were primarily
adapted for breathing air, though cutaneous respiration remains
significant. Amphibian lungs show considerable variation in form,
reflecting their transitional lifestyle. In frogs and toads, the lungs appear
as elongated sacs with a honeycomb-like interior created by shallow septa,
providing modestly increased surface area. Amphibians rely on
positivepressure ventilation, a method distinct from the negative-pressure
breathing of mammals. Without a diaphragm, they use a buccal pump: air
enters via the nostrils into the buccal cavity, and when the nares close,
elevation of the buccal floor forces air into the lungs. Exhalation occurs
passively through elastic recoil and pressure from surrounding organs.
Although adequate for their relatively low metabolic needs, this system
restricts prolonged activity.

Reptilian Lungs

Reptiles mark a major step toward full terrestrial adaptation, with lungs
that vary widely across species. In the simplest forms (some lizards), lungs
resemble those of amphibians but with greater internal
compartmentalization. Advanced reptiles, such as crocodilians, evolved
complex, multi-chambered lungs with extensive branching that leads to
numerous small air chambers called faveoli, dramatically increasing
respiratory surface area. Most reptiles employ costal (rib-based) breathing,
where rib cage expansion and contraction create pressure changes to move
air. In turtles and tortoises, the rigid shell necessitated specialized
muscular adaptations for ventilation. Reptilian breathing often follows an
intermittent pattern—clusters of breaths followed by pauses—reflecting
their comparatively lower metabolic requirements.

Avian Lungs
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Birds possess one of the most remarkable respiratory systems among
vertebrates. Their lungs are small, rigid, and paired with extensive air sacs
that create unidirectional airflow, contrasting with the tidal ventilation of
mammals and other tetrapods. Gas exchange occurs in parabronchi, which
contain networks of fine air capillaries interwoven with blood capillaries,
maximizing surface area. This cross-current exchange system ensures
highly efficient oxygen uptake, even at high altitudes with low oxygen
partial pressures. Such efficiency supports the intense metabolic demands
of flight and endothermy.

Mammalian Lungs

Mammalian lungs embody the alveolar respiratory model, designed to
balance efficiency with the physiological requirements of endothermy and
live birth. Ventilation follows a tidal pattern, where the same passages
handle both inhalation and exhalation. Structurally, mammalian lungs are
arranged in a branching hierarchy: trachea — primary bronchi —
secondary bronchi — bronchioles — terminal bronchioles — alveolar
ducts ending in alveolar sacs. This design provides an enormous surface
area for gas exchange, supporting high metabolic demands.

Comparative Perspective
Tracing lung evolution reveals a clear progression:

. Amphibians rely on simple lungs supplemented by skin
respiration, matching their ectothermic metabolism.

. Reptiles exhibit greater
compartmentalization and  costal breathing, but remain less
aerobic than birds and mammals.

. Birds and mammals evolved specialized designs—
unidirectional parabronchial flow in birds and alveolar sacs in
mammals—each optimized to meet the oxygen requirements of
endothermy.

Thus, vertebrate lungs illustrate diverse evolutionary solutions to the
common challenge of adapting respiratory structures to ecological
contexts and metabolic demands.
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4.2.2 Air Sacs in Birds: Continuous Airflow System
The Avian Respiratory System

The avian respiratory system represents one of the most striking
evolutionary innovations in vertebrates, being fundamentally distinct from
all other respiratory designs. Its unique architecture combines rigid lungs
with an elaborate system of air sacs, allowing continuous, unidirectional
airflow through the gas exchange tissues. This system supports the
exceptionally high metabolic demands of flight and endothermy, while
also permitting survival at extreme altitudes.

1. Air Sac Complex

At the heart of the avian system lies the air sac complex—thin-walled,
balloon-like extensions of the airways that revolutionize breathing in
birds.

. Number & Distribution: Most birds have nine air sacs:

o Four paired sacs: anterior thoracic, posterior thoracic, abdominal, and
cervical o One unpaired interclavicular sac

. Functional Groups:
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0 Anterior group: cervical, interclavicular, anterior thoracic o
Posterior group: posterior thoracic, abdominal

Although they play almost no direct role in gas exchange due to their thin
epithelium and low vascularization, the sacs serve as bellows that ventilate
the relatively rigid lungs. They expand and contract, storing and moving
air, while also pneumatizing bones to reduce skeletal weight and
strengthen structures—an adaptation critical for flight.

2. Lungs and Parabronchi

Unlike mammalian lungs, which are elastic and alveolar, avian lungs are
small, stiff, and parabronchial.

. Air passes continuously through parabronchi—tubular
passages that branch into networks of fine air capillaries, which
intertwine with blood capillaries.

. Gas exchange occurs via a cross-current mechanism, in
which the flow of air and blood run approximately perpendicular.
This arrangement ensures oxygen extraction even when the oxygen
partial pressure of expired air remains higher than that of the blood,
a feat impossible in mammalian alveolar lungs.

3. Ventilation Mechanism
Birds breathe with a unidirectional airflow system:

. On inhalation, ~75% of the inspired air bypasses the lungs
and enters the posterior air sacs, while ~25% passes through the
lungs and moves toward the anterior sacs.

. On exhalation, air from the posterior sacs flows into the
lungs, while air in the anterior sacs exits the body.

. Thus, fresh air passes through the lungs during both
inhalation and exhalation, ensuring continuous gas exchange.

Unlike mammals, birds lack a diaphragm. Instead, expansion and
compression of the thoracic and abdominal cavities drive air sac
ventilation. This design eliminates dead space and prevents mixing of
inspired and expired air, maximizing oxygen availability.

4. Functional Significance
. Metabolic demands: Unidirectional flow supports the

high oxygen requirements of flight.
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. High-altitude survival: Bar-headed geese, for example,
can fly over the Himalayas (~9,000 m), where oxygen levels are
only about 30% of those at sea level.

. Efficiency: Birds extract 25-30% of oxygen from inspired
air— comparable to mammals—but with much smaller residual air
volumes.

. Skeletal adaptations: Pneumatization of bones lightens
the skeleton, aids thermoregulation, contributes to resonance in
vocalization, and may act as oxygen reservoirs during apnea (e.g.,
diving).

. Integration with locomotion: Wing movements assist
ventilation, ensuring increased airflow during flight when
metabolic needs peak.

Developmental Origins

Embryonic development of the avian respiratory system involves:

. Outgrowths from primitive lung buds forming the air sacs.
. Expansion and positioning of sacs throughout the body
cavity.

. Complex branching morphogenesis giving rise to

parabronchi and air capillaries.

This developmental program is distinct from mammalian alveolar
formation, reflecting a deep evolutionary divergence.

7.

Evolutionary Background

. Air sac systems likely originated within theropod
dinosaurs, where skeletal pneumatization appeared early.

. By the time of Archaeopteryx (~150 million years ago),
extensive pneumatization was already present, suggesting a
primitive air sac system predated powered flight.

. Initial ~selective advantages may have included
thermoregulation and mass reduction, with respiratory efficiency
becoming critical as flight evolved.

Additional Roles of Air Sacs

Modern research shows that air sacs contribute to multiple functions:
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. Thermoregulation: facilitating evaporative cooling
during heat stress.

. Vocalization: supporting complex sound production in
some species.

. Ecological adaptation: variation in pneumatization and air
sac development reflects diverse ecological niches and locomotor
strategies.
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Fig4.5: Avian Lungs

Summary:

Respiratory adaptations in vertebrates show a clear evolutionary shift from

aquatic to terrestrial life.

. Gills: Ancient respiratory structures in aquatic animals;
highly efficient due to thin lamellae and counter-current
exchange. Besides gas exchange, they function in osmoregulation,
acid— base balance, and ammonia excretion. External gills are
primitive (amphibian larvae), while internal gills (protected in
chambers with unidirectional flow) dominate fishes.

. Lungs: Originated as outpocketings of the pharynx in
primitive fishes. Amphibians have simple sac-like lungs (with
buccal pumping). Reptiles evolved compartmentalized lungs and
costal ventilation. Birds and mammals achieved highly efficient
designs: parabronchial lungs with unidirectional flow in birds,
and alveolar lungs with tidal flow in mammals.

. Avian Air Sac System: Unique innovation with 9 thin-
walled sacs acting as bellows to ventilate rigid lungs. Continuous
airflow across parabronchi provides cross-current gas exchange,
supporting flight and high-altitude survival. Air sacs also reduce
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weight (pneumatized bones), assist thermoregulation, and aid in
vocalization.

A.Multiple choice questions
1. Counter-current exchange in fish gills ensures:
a) Mixing of oxygenated and deoxygenated water
b) Oxygen diffusion only during inhalation
¢) Maintenance of diffusion gradient along lamellae
d) Decreased efficiency of gas exchange
Answer: ¢) Maintenance of diffusion gradient along lamellae
2. External gills are primarily seen in:
a) Amphibian larvae
b) Birds
c) Reptiles
d) Mammals
Answer: a) Amphibian larvae
3. Which vertebrate group shows faveoli as respiratory structures?
a) Amphibians
b) Reptiles (advanced)
c) Birds
d) Mammals
Answer: b) Reptiles (advanced)

4. The avian respiratory system achieves continuous gas exchange
because:

a) Birds have alveoli like mammals

b) Air sacs create unidirectional airflow

¢) Air mixes in tidal fashion

d) Lungs expand and contract actively
Answer: b) Air sacs create unidirectional airflow
5. In mammals, the primary site of gas exchange is:

a) Bronchi

b) Bronchioles
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c) Alveoli
d) Trachea

Answer: c) Alveoli

CHORDATES AND

B.Short Answer Questions COMPARATIVE

1. Explain the counter-current exchange mechanism in fish ANATOMY

gills.

2. Differentiate between external and internal gills with

examples.

3. State two non-respiratory functions of gills.

4. Write short notes on:

a) Faveoli in reptiles
b) Buccal pumping in amphibians
c) Ram ventilation in fishes

5. What are parabronchi, and how do they function in birds?
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UNIT 4.3
Skeletal system- Comparative account
4.3 Introduction

The vertebrate endoskeleton is an internal supporting framework
composed of cartilage, bone, or a combination of both. It provides shape,
mechanical support, protection for delicate organs, and serves as a
system of levers for muscle action. Though the basic plan of the
endoskeleton is established early in vertebrate evolution, each group has
modified it in relation to habitat, locomotor adaptation, and mode of life.
A comparative study of limbs, girdles, and vertebrae across different
vertebrate classes highlights both the conserved architecture and adaptive
modifications.
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4.3.1Limbs: Evolution and Structural Plan

94
MATS Centre for Distance and Online Education, MATS University



The paired appendages of vertebrates, called limbs, are modifications of
the primitive fin folds of ancestral aquatic forms. Primitive jawless fishes
lacked paired fins, but true paired appendages first appeared in early
gnathostomes. The basic tetrapod limb is pentadactyl—comprising a
single proximal element, two intermediate elements, several distal CHORDATES AND
elements, and digits. COMPARATIVE

ANATOMY

In fishes, the limbs are represented by pectoral and pelvic fins. In
cartilaginous fishes like sharks, these fins are supported by basal and
radial cartilaginous rods embedded in fin folds. In bony fishes, the rays
are dermal in origin but articulated to basal skeletal supports. The fins
primarily act as stabilizers and steering organs in water.

With the conquest of land by early tetrapods, fins were transformed into
limbs with joints—capable of supporting the body against gravity and
enabling propulsion on land. In amphibians, the limbs are short and
laterally placed, bearing four or five digits, suited for walking and
swimming. Reptiles retain a similar plan but with more robust bones and
better joint development for terrestrial locomotion. In birds, the
forelimbs are modified into wings with fused elements to support
feathers and flight muscles, while the hindlimbs are adapted for
perching, running, or swimming depending on the species. Mammals
show the greatest diversity: forelimbs may be adapted for running
(cursorial forms like deer and horses), digging (fossorial forms like
moles), flying (bats), or swimming (whales and seals). Despite this
diversity, the underlying pentadactyl pattern—humerus, radius, ulna,
carpals, metacarpals, phalanges in the forelimb and femur, tibia, fibula,
tarsals, metatarsals, phalanges in the hindlimb—remains conserved.

The paired appendages of vertebrates—forelimbs and hindlimbs—are
evolutionary derivatives of the primitive lateral fin folds seen in ancient
aquatic vertebrates. Their structure, mode of attachment, and functional
specializations vary widely among different vertebrate groups, yet they
retain a common underlying plan known as the pentadactyl limb in
tetrapods.

General Plan of a Tetrapod Limb

In tetrapods (amphibians, reptiles, birds, and mammals), each limb is
typically divided into three regions:

1. Proximal segment (Stylopodium):

Forelimb — humerus; Hindlimb — femur.

This segment articulates with the limb girdle and acts as the main lever.
2. Middle segment (Zeugopodium):

Forelimb — radius and ulna; Hindlimb — tibia and fibula.

These two parallel bones allow rotation, flexibility, and support.
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3. Distal segment (Autopodium):

Comprising wrist or ankle bones (carpals/tarsals), hand or foot bones
(metacarpals/metatarsals), and digits (phalanges). In the primitive state,
there are five digits (pentadactyl condition).

This basic design is highly conserved, but the shape, proportion, and
function of each part have been modified to suit the habitat and lifestyle
of each group.

Limbs in Various Vertebrate Groups

1.

Fishes
. Most fishes possess fins rather than true limbs.
. Paired fins (pectoral and pelvic) act as stabilizers, brakes,

and steering organs in water.

. Skeleton is formed of basal cartilaginous elements
(propterygium, mesopterygium, metapterygium) and radial
elements.

. There are no jointed segments comparable to stylopodium
or zeugopodium.

Amphibians

. Amphibians mark the first true tetrapod condition with
limbs for terrestrial locomotion.

. Limbs are typically short and laterally placed; most
have four digits on forelimbs and five on hindlimbs (e.g., frogs).

. The bones are relatively slender, with well-developed
joints to support walking and swimming.

. The pentadactyl pattern is evident, although reduction or
fusion of elements can occur in some species.

Reptiles

. Reptilian limbs are generally stronger and more
elongated than those of amphibians.

. They are better suited for life on land, with improved joint
surfaces and more efficient levers.

. Most reptiles retain five digits on each limb, though some
lineages (snakes) have lost limbs altogether, while others like
lizards show reduction in digit number depending on mode of
locomotion.
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. The limbs are usually placed more directly under the body
than in amphibians, improving support and stride.

Birds
. Birds exhibit extreme specialization of the forelimb into
wings.

o The humerus is short and robust, the radius and

ulna are modified, and many carpals and metacarpals fuse
to form a rigid support for flight feathers. o Digits are
reduced in number (usually three) and fused for strength.

. Hindlimbs are adapted for perching, walking, running, or
swimming. The femur is short, while the tibiotarsus and
tarsometatarsus are elongated, giving the legs great leverage and
strength.

. Despite these modifications, the underlying plan remains
homologous to that of other tetrapods.

Mammals

. Mammalian limbs show great diversity related to
ecological niches: o Cursorial mammals (e.g., horses) show
elongation of distal segments and reduction of digits to improve
speed. o Fossorial mammals (e.g., moles) have short, powerful
limbs with strong claws for digging. o Arboreal mammals (e.g.,
monkeys) have highly mobile joints and prehensile digits for
climbing. o Aquatic mammals (e.g., whales, dolphins) show
forelimbs modified into flippers with flattened bones and
hindlimbs reduced or lost.

o Bats possess forelimbs modified into wings, where
elongated digits support a flight membrane.

. The pentadactyl pattern is retained even in specialized
forms, though digits may be reduced or fused.

Girdles: Pectoral and Pelvic Supports

The girdles anchor the paired limbs to the axial skeleton and provide
surfaces for muscular attachment.

Pectoral Girdle:

In fishes, the pectoral girdle is largely cartilaginous or membranous and
not directly articulated with the axial skeleton; it often includes dermal
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elements such as cleithrum and clavicle. This design allows great
flexibility in water.

In amphibians and reptiles, the pectoral girdle comprises the scapula and
coracoid with a cartilage-filled glenoid cavity for articulation with the
humerus. These girdles are not fused to the vertebral column, permitting
independent movement of forelimbs.

In birds, the pectoral girdle is specialized for flight and includes the
scapula, coracoid, and furcula (wishbone), forming a strong triosseal
canal to withstand the stresses of wing flapping.

In mammals, the girdle is reduced to a scapula and clavicle (the clavicle
may be reduced or absent in cursorial mammals). The pectoral girdle is
suspended in muscles rather than joined directly to the vertebrae, giving
the forelimbs great range of motion.

Pelvic Girdle:

The pelvic girdle in fishes is simple and not attached to the vertebral
column, often consisting of small cartilaginous plates.

In amphibians, reptiles, birds, and mammals, the pelvic girdle becomes a
solid bony ring firmly attached to the sacral vertebrae. It is formed by the
fusion of three paired bones: ilium, ischium, and pubis, meeting at the
acetabulum, which articulates with the femur. This girdle transmits the
body’s weight to the hindlimbs, crucial for terrestrial locomotion. In
birds, the pelvic girdle is elongated and fused with synsacral vertebrae to
support bipedal stance and flight balance. In mammals, variations exist
depending on mode of locomotion, but the general plan is conserved.

The girdles are bony or cartilaginous arches that anchor the paired limbs
to the axial skeleton and provide broad surfaces for muscle attachment.
They form a critical part of the appendicular skeleton. Two girdles are
present in most vertebrates:

. Pectoral girdle — associated with the forelimbs (or
pectoral fins in fishes)

. Pelvic girdle — associated with the hindlimbs (or pelvic
fins in fishes)

Although their basic plan is conserved, both girdles have undergone
significant modifications in different vertebrate groups in response to
habitat and mode of locomotion.

Pectoral Girdle

General Plan
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The pectoral girdle supports the forelimb and lies in the shoulder region.
It usually consists of endochondral elements (scapula, coracoid) and, in
many primitive forms, dermal elements (cleithrum, clavicle).

In Fishes

In cartilaginous fishes (e.g., sharks), the pectoral girdle is a simple
Ushaped cartilage situated ventrolaterally. It is not directly attached to
the axial skeleton.

In bony fishes, the pectoral girdle is more elaborate, formed mainly of
dermal bones such as the cleithrum, supracleithrum, and
posttemporal, with a small endochondral scapulocoracoid region. This
arrangement supports the pectoral fins and allows extensive lateral
movement.

In Amphibians

The transition to land necessitated a stronger shoulder support. The
pectoral girdle now consists of:

. Scapula (dorsal element),

. Coracoid (ventral element),

. Clavicle (dermal bone),

. An interclavicle or cartilage in some
forms.

There 1s still no direct articulation with the vertebral column, allowing
the forelimbs to absorb impact when landing from jumps. In Reptiles

Reptilian pectoral girdles are sturdier. The scapula and coracoid are
well ossified, and an interclavicle is present in many. The clavicles may
be reduced or absent. As in amphibians, the girdle is not directly joined
to the axial skeleton.

In Birds

The pectoral girdle is highly specialized for flight. It consists of:

. A long, blade-like scapula,

. A strong coracoid that braces the wing against the
sternum,

. A fused pair of clavicles forming the furcula (wishbone)

which acts as a spring during wing beats.

These three elements meet to form the triosseal canal, through which
the tendon of the supracoracoideus muscle passes, powering the upstroke
in flight.

In Mammals
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The mammalian pectoral girdle is simplified:

. The scapula is large and flat, with a prominent spine for
muscle attachment.

CHORDATES AND
COMPARATIVE . The clavicle is present in climbing or digging mammals
ANATOMY (e.g., primates, rodents) but reduced or absent in cursorial animals

(e.g., horses, deer) to permit greater limb swing.

. The coracoid is reduced to the coracoid process of the
scapula. The girdle is suspended by muscles and does not
articulate directly with the vertebral column, allowing a wide
range of forelimb motion.
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Fig. 27. Bufo sp. Appendicular skeleton
Pelvic girdle (side view)

A. Pectoral girdle and fore limb bones
B. Pelvic girdle and hind limb bones
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Pelvic Girdle
General Plan

The pelvic girdle supports the hindlimb and lies in the hip region. Unlike
the pectoral girdle, it is usually firmly attached to the vertebral column,
providing a stable base for locomotion on land.

In Fishes

In cartilaginous and bony fishes, the pelvic girdle is small and consists of
paired cartilaginous or bony plates located ventrally. It is not attached to
the vertebral column and serves only to support the pelvic fins.

In Amphibians

The pelvic girdle becomes a strong arch transmitting weight from the
body to the hindlimbs. It is composed of three endochondral bones:

. Iium — extending dorsally to articulate with a single
sacral vertebra,

. Ischium — forming the posterior part,
. Pubis — forming the  ventral part.

These three meet at the acetabulum, which receives the head of the
femur. This structure supports walking and jumping.

In Reptiles

Reptiles show further specialization with a similar tripartite pelvic girdle.
However, two or more sacral vertebrae articulate with the ilium,
providing stronger support for terrestrial movement. The acetabulum is
deeper, and the girdle more robust.

In Birds

The pelvic girdle is fused with the synsacrum (a series of fused lumbar,
sacral, and caudal vertebrae) to form a rigid structure. The ilium is
elongated, the ischium and pubis are directed backward, and the three
bones remain separate ventrally, leaving the pubic region open—an
adaptation to allow the passage of large eggs.

In Mammals

Mammals also retain the tripartite arrangement (ilium, ischium, pubis)
which fuses early in development. The ilium is expanded for the
attachment of strong hindlimb muscles, the acetabulum is deep for firm
articulation, and the sacrum usually consists of fused vertebrae for
greater stability. Modifications occur depending on locomotor habits
(e.g., broad ilia in humans for bipedalism).
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« Pectoral girdle evolved from simple cartilaginous arches in
fishes to complex bony structures supporting flight, running, or
climbing in tetrapods.

+  Pelvic girdle evolved from loosely supported plates to a robust,
sacrum-anchored framework transmitting body weight to the
hindlimbs.

4.3.2 Vertebrae: Axial Modifications and Regional
Differentiation

« The vertebral column is the primary axial support and protects
the spinal cord. It is composed of a series of vertebrae, whose
number, shape, and articulations vary greatly across vertebrates.

- In fishes, vertebrae are simple and amphicoelous (concave on
both ends), adapted for flexibility in swimming. The trunk vertebrae
bear ribs, while caudal vertebrae support the tail. The centra are often
cartilaginous in primitive forms and ossified in advanced teleosts.

+ In early amphibians, vertebrae show increased ossification with
distinct centra, neural arches, and transverse processes, though they
remain numerous and less specialized. Modern amphibians retain a
generalized vertebral column with little regional specialization,
usually comprising cervical, trunk, sacral, and caudal regions.

« Reptiles exhibit further regional differentiation: cervical
vertebrae with movable articulations for head movement, dorsal
vertebrae with well-developed ribs, sacral vertebrae fused for pelvic
support, and caudal vertebrae that may be elongated for balance. The
centra are typically procoelous (concave anteriorly, convex
posteriorly), offering strength with flexibility.

« Birds show extreme specialization. Cervical vertebrae are
numerous and heterocoelous (saddle-shaped), providing remarkable
flexibility for preening and feeding. Thoracic vertebrae are fused for
a rigid trunk, while lumbar, sacral, and some caudal vertebrae are
fused with the pelvis to form the synsacrum, providing a sturdy
framework for flight. The terminal caudal vertebrae fuse into a
pygostyle to support tail feathers.

« Mammals exhibit a highly standardized vertebral formula:
typically seven cervical vertebrae (regardless of neck length), a
variable number of thoracic vertebrae bearing ribs, lumbar vertebrae
with robust transverse processes, a sacrum of fused vertebrae
articulating with the pelvic girdle, and a variable number of caudal
vertebrae forming the tail. The centra are acoelous (flatended) to bear
compressive loads and provide support for terrestrial locomotion.

The vertebral column is the central supporting axis of the vertebrate
body. It encloses and protects the spinal cord, provides attachment points
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for ribs and muscles, and transmits body weight to the limbs through the
girdles. Despite enormous diversity in shape and function, all vertebrae
share the same fundamental parts: centrum (body), neural arch, neural
spine, and often transverse processes.

General Features

Centrum (body): the main weight-bearing part.
Neural arch: encloses the spinal cord.

Processes: projections for articulation or muscle attachment (e.g.,

transverse, zygapophyses).

Regional differentiation: vertebrae may be grouped into

cervical, thoracic (or dorsal), lumbar, sacral, and caudal regions in
tetrapods.

2.1.2Vertebrae in Different Vertebrate Groups

Fishes

. Vertebrae are simple and primarily adapted for flexibility
in water.
. The centrum is often amphicoelous (concave on both

ends) allowing side-to-side bending.

. Vertebrae are divided into trunk vertebrae (with ribs)
and caudal vertebrae (bearing haemal arches and supporting the
tail).

. Ossification varies: cartilaginous in sharks, bony in
teleosts.

. No distinct cervical, lumbar, or sacral regions.

Amphibians

. First true tetrapods with a neck, so they develop a
cervical vertebra (atlas) for head movement.

. Vertebrae are more ossified than in fishes, with centra,
neural arches, and transverse processes clearly formed.

. Regions are weakly differentiated: cervical, trunk (with
ribs), a single sacral vertebra articulating with the pelvic girdle,
and caudal vertebrae forming the tail.

. Centrum shape is usually amphicoelous or
opisthocoelous (concave posteriorly).
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Show greater regional specialization:

o Cervical vertebrae: several, allowing significant
head movement.

o Dorsal (thoracic) vertebrae: bearing well-
developed ribs. o Sacral vertebrae: two or more fused to
support the pelvic girdle.

o Caudal vertebrae: varying in number, often
elongated for balance and tail functions.

Centrum is usually procoelous (concave anteriorly,

convex posteriorly) giving strength with flexibility.

Birds

Mammals

Highly specialized for flight:

o Cervical vertebrae: numerous (often 13-25),
heterocoelous (saddle-shaped ends) allowing extreme
flexibility for preening and feeding.

o Thoracic vertebrae: some fused to form a rigid
trunk.
o Lumbar and sacral vertebrae: fused with part of

the thoracic and caudal series to form a synsacrum,
providing a firm attachment for the pelvic girdle.

o Caudal vertebrae: distal elements fused into a
pygostyle, supporting tail feathers.

Show a highly standardized and specialized column:

o Cervical: almost always 7 vertebrae, regardless
of neck length (giraffes and mice both have 7).

o Thoracic: variable (usually 12—15), each bearing a
pair of ribs.

o Lumbar: strong and without ribs, with long
transverse processes for muscle attachment.

o Sacral: several (usually 3-5) fused to form a
sacrum for pelvic support.
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o Caudal: variable in number and length depending
on tail function (few in apes, many in some mammals).

. Centrum is acoelous (flat-ended) for weight bearing and
resistance to compression.
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Summary:

The limbs of vertebrates reflect a remarkable evolutionary transformation
from simple fins of aquatic ancestors to the highly specialized limbs of
terrestrial and aerial forms. Despite their diversity, they all share a
conserved developmental blueprint, testifying to a common ancestry. The
comparative study of limbs shows how vertebrates have solved similar
biomechanical problems in varied habitats through modification of the
same basic structure.

The evolution of girdles reflects the transition from aquatic to terrestrial
life and the demands of different locomotive strategies.

1. The pentadactyl limb consists of:
a) Stylopodium, pterygium, autopodium

b) Stylopodium, zeugopodium, autopodium
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¢) Humerus, scapula, femur

d) Radius, ulna, fibula

CHORDATES AND Answer: b) Stylopodium, zeugopodium, autopodium
COMPARATIVE

2. In fishes, paired fins are supported by:
ANATOMY

a) Carpals and tarsals
b) Basal and radial elements
¢) Stylopodium and zeugopodium
d) Scapula and coracoid
Answer: b) Basal and radial elements
3. The bird’s forelimb modification is characterized by:
a) Five separate digits
b) Reduced and fused digits (usually three)
¢) Long femur and short tibiotarsus
d) Absence of scapula
Answer: b) Reduced and fused digits (usually three)

4. Which vertebrate group typically has procoelous
vertebrae?

a) Amphibians

b) Reptiles

c) Birds

d) Mammals
Answer: b) Reptiles

5. The mammalian vertebral column usually has how many
cervical vertebrae?

a) Variable (5-15)

b) 7 in almost all species

¢) 12 in most

d) None in aquatic mammals

Answer: b) 7 in almost all species
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Short Answer Questions:

1. Define pentadactyl limb with its general plan.

2. Differentiate between pectoral girdle in fishes and birds.

3. State two modifications of mammalian limbs with

examples.

4. What is a synsacrum? Mention its significance in birds.

5. Compare centrum types in fishes, reptiles, and mammals.
UNIT 4.4:

Comparative account of urinogenital systems in vertebrates

4.4Kidney Structure and Evolution in Vertebrates

The urinogenital system combines excretory and reproductive functions,
showing remarkable evolutionary adaptations across different
environments. The kidney, the main filtration organ, demonstrates great
diversity in structure and function, depending on the habitat, availability
of water, and metabolic demands.

Developmental Stages of Kidneys
1. Pronephros (Earliest Kidney Type)

. First to appear during embryonic development in all
vertebrates.
. Functions only in larval amphibians and some primitive

jawless fishes.

. Composed of segmentally arranged nephrons with
nephrostomes that open into the coelom.

. Drained by the pronephric duct, which later contributes to
the development of other kidney types.

2. Mesonephros (Intermediate Stage)

. Functions as the adult kidney in fishes and amphibians.
. Larger and more complex nephrons than pronephros.
. Each nephron has a glomerulus with Bowman’s capsule

for blood filtration.
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. Filtrate passes through tubules for reabsorption/secretion
before draining into the Wolffian (archinephric) duct.

3. Metanephros (Advanced Kidney Type)
. Found in amniotes (reptiles, birds, and mammals).

. Develops a new duct — the ureter, which branches into the
collecting system.

. Forms a compact kidney with distinct cortex (with renal
corpuscles and proximal tubules) and medulla (with loops of
Henle and collecting ducts).

. Highly efficient, allowing water conservation in terrestrial
life.

Nephron Variations Across Vertebrates
. Fishes:

o Marine teleosts: small or absent glomeruli (agglomerular kidneys) to
retain water in salty environments. o Freshwater fishes: large glomeruli
with high filtration rates to remove excess water from their hypotonic
surroundings.

. Amphibians:

o Kidneys are adaptable to both aquatic and terrestrial life. o Aquatic forms
excrete dilute urine. o Terrestrial forms conserve more water but cannot
concentrate urine like mammals.

. Reptiles:
o Possess short loops of Henle.
o Conserve more water than amphibians.
o Male reptiles often have a sexual segment in the

kidney that produces seminal fluid, showing integration of
excretory and reproductive systems.

. Birds:

o Kidneys are lobulated with cortical tissue and
medullary cones.

o Contain two nephron types:
i Reptilian-type (short)
i Mammalian-type (long with loops of
Henle).
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0 Can produce concentrated urine without a renal pelvis.
. Mammals:
o Most complex kidneys among vertebrates.
o Two nephron types:
i Cortical (short-looped)
0 Juxtamedullary (long-looped, extending

deep into medulla).

o Loop of Henle establishes a countercurrent system for producing
highly concentrated urine. o Essential for water conservation in terrestrial
and desert environments.

Functional Significance

. Loop of Henle: Creates a steep osmotic gradient in the
medulla for water reabsorption and urine concentration.

. Countercurrent Mechanism:

o Descending limb: permeable to water. o Ascending limb: pumps sodium
chloride out, but impermeable to water. o Result: concentrated medullary
interstitium — highly concentrated urine.
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Fig 4.10: Pronephric, Mesonephric and metanephric kidney

4.4.1Excretory Ducts in Vertebrates

The excretory ducts of vertebrates have undergone remarkable
evolutionary changes, closely linked with waste elimination and,
secondarily, with reproductive functions. Their embryonic development
reveals strong evolutionary connections, showing how primitive ducts
were modified into specialized urinary and reproductive channels.

1. Primitive Excretory Duct: The Archinephric (Wolffian) Duct

. The archinephric duct first appears with the pronephros,
acting as the earliest urinary passage.

. In fishes and amphibians (anamniotes), this duct remains
the primary urinary pathway.

. In males, it develops into parts of the reproductive system,
such as the epididymis and vas deferens, which transport sperm.

. In females, the Wolffian duct degenerates, leaving only
small vestigial traces.

2. Mesonephric Tubules and Their Role
. The mesonephric tubules drain into the archinephric duct,

forming the main urinary duct in fishes and amphibians.
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. In some marine teleost fishes, the ends of these tubules
enlarge to function like a bladder—though mainly for ion balance
rather than urine storage.

Variations in Fishes

. In most teleosts, the two archinephric ducts join at the
posterior to form a urinary sinus, which drains into the cloaca or
a separate urogenital opening.

. In some marine teleosts, the ducts expand at their ends to
form a urinary bladder for osmoregulation (ionic homeostasis).

. This paired duct system that empties into a urogenital
sinus is a unique feature of fishes.

Reptilian Excretory Ducts
. Ureters in reptiles usually open directly into the cloaca.

. Some reptiles (turtles and lizards) possess a cloacal
bladder, but others (like crocodilians and some lizards) lack a
bladder, especially those with aquatic lifestyles.

. The reptilian cloaca is divided into three specialized
chambers: o  Coprodeum — receives feces. o Urodeum -
receives urine and reproductive products.

0 Proctodeum — terminal region before excretion.

Avian Excretory System

. Birds lack a urinary bladder — their ureters open
directly into the urodeum of the cloaca.

. This adaptation reduces body weight, important for flight.

. Birds mainly excrete uric acid, which conserves water and
is less toxic than urea or ammonia.

. The avian cloaca is multifunctional:

Receives urine and feces, o0 Acts as the site of sperm transfer in

females, o Serves as the exit passage for eggs.

6.

Mammalian Modifications
. Monotremes retain a cloaca, similar to reptiles.
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. In marsupials and placental mammals, the cloaca is
divided, leading to separate openings for: o Digestive wastes o
Urinary system (urethra) o Reproductive system (vagina in
females)

. In males, the urethra carries both urine and sperm,
showing partial integration of excretion and reproduction.

. This evolutionary shift marks a trend toward
specialization of urinary and reproductive ducts.

Histological Structure of Excretory Ducts
. Ureters:

o Lined with transitional epithelium, allowing
expansion and contraction.

o Have smooth muscle layers that perform peristalsis
to move urine.

. Urinary Bladder:

Wall lined with transitional epithelium that changes shape:
I Cuboidal when empty.
i Squamous (flat) when full.

Allows large expansion without damage, enabling urine storage.
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Summary

The urinogenital system (urogenital system) of vertebrates combines the
excretory system (responsible for removal of nitrogenous wastes and
osmoregulation) and the reproductive system (responsible for gamete
formation, fertilization, and development). The excretory part is formed

mainly by the mesodermal kidneys,

which show evolutionary stages:

pronephros (primitive, transient), mesonephros (functional in fishes and
amphibians), and metanephros (advanced kidney of reptiles, birds, and
mammals). Kidneys produce urine through filtration, reabsorption, and
secretion, while ureters carry it to the bladder or cloaca.

A.Multiple Choice Questions

1. The functional kidney in adult amphibians is:

a) Pronephros
b) Mesonephros
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¢) Metanephros
d) Archinephros

In mammals, the advanced kidney type is:
a) Pronephros

b) Mesonephros

c¢) Metanephros

d) Protonephros

The common passage for urine, feces, and gametes in reptiles,
birds, and amphibians is:

a) Cloaca

b) Urethra

¢) Nephridium

d) Vas deferens

Which vertebrate group shows external fertilization commonly?
a) Birds

b) Mammals

¢) Amphibians

d) Reptiles

The archinephric duct in male fishes and amphibians serves as:
a) Ureter only

b) Sperm duct only

c¢) Both ureter and sperm duct

d) Neither

B.Short Answer Questions

1.

2
3
4.
5

Define the urinogenital system.

What are the three types of kidneys found in vertebrate evolution?
Explain the role of the cloaca.

Differentiate between oviparous and viviparous vertebrates.

What is the evolutionary trend in the separation of excretory and
reproductive ducts?

SUMMARY:

The comparative study of vertebrate organ systems provides insight into
the evolutionary adaptations across different classes such as fishes,
amphibians, reptiles, birds, and mammals. The digestive system in
vertebrates shows modifications based on diet and habitat. While all have
a similar basic plan—mouth, pharynx, esophagus, stomach, intestines,
and associated glands—the structure and function vary widely. For
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example, ruminants like cows have a complex, multi-chambered stomach
to digest cellulose, while carnivores like cats possess a simple stomach
suited for meat digestion. The respiratory organs in vertebrates also differ
significantly. Aquatic vertebrates like fish use gills to extract oxygen
from water, whereas amphibians use both skin and lungs for respiration.
Reptiles, birds, and mammals rely entirely on lungs, with birds
possessing a unique air-sac system allowing continuous airflow and
efficient gas exchange. The skeletal system serves as a supportive
framework and reflects the mode of life of each group. Fish have
cartilaginous or bony skeletons adapted for swimming. Amphibians and
reptiles show more ossification and stronger limbs for terrestrial
movement. Birds have lightweight, fused bones adapted for flight, and
mammals exhibit a highly developed endoskeleton supporting complex
movements and body structures. Lastly, the urinogenital system—
combining excretory and reproductive functions—exhibits evolutionary
progression from simple to more complex forms. In fishes and
amphibians, kidneys are mesonephric and reproduction is mainly
external, whereas in reptiles, birds, and mammals, metanephric kidneys
and internal fertilization dominate. Mammals show the highest
specialization with separate urinary and reproductive tracts and advanced
reproductive strategies. Together, these comparative accounts highlight
the structural and functional modifications shaped by ecological and
evolutionary pressures in vertebrates.

A.Multiple Choice Questions (MCQs):

1. Which of the following is NOT a function of the vertebrate digestive
system?

Digestion

Absorption

Hormone secretion

Respiration

2. Which organ is primarily responsible for gas exchange in fish?
a) Lungs

Gills

Skin

Trachea
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3.Which vertebrate group has a cloaca for excretion and
reproduction?
a) Mammals
b) Birds
Amphibians
Both B and C
4.Which type of skeletal system do vertebrates primarily possess?
Exoskeleton
Endoskeleton
Hydrostatic skeleton
None of the above
5.What is the main function of the urinary system in vertebrates?
Excretion of nitrogenous waste
Digestion of food
Production of red blood cells
Gas exchange
6.Which of the following is an adaptation for aerial respiration in birds?
Tracheal system
Air sacs
Book lungs
Spiracles
7.The bony skeleton first appeared in which group of vertebrates?
a) Amphibians
Reptiles
Fishes
Mammals

8. Which organ is involved in the excretion of nitrogenous waste in
birds?

Lungs
Skin

Kidneys
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Liver

9. Which vertebrate group has both gills and lungs at different life
stages?

Fishes CHORDATES AND
- COMPARATIVE

Amphibians ANATOMY

Reptiles

Birds

10. What type of excretory product do reptiles mainly produce?
Ammonia

Urea

Uric acid

None of the above

Answer Key

d) Respiration

b) Gills

d) Both B and C

b) Endoskeleton

a) Excretion of nitrogenous waste
b) Air sacs

c) Fishes

¢) Kidneys

b) Amphibians

¢) Uric acid

B.Short Answer Questions:

1.What are the main functions of the digestive system in vertebrates?
2.How does the respiratory system in birds differ from that of mammals?
3.Explain the role of the cloaca in amphibians and birds.

4.What are the different types of kidneys found in vertebrates?

5.Define gills and their function in aquatic vertebrates.
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6.What is the difference between an open and closed circulatory system?
7.How does the skeletal system help in movement?

8.What are the major differences between excretion in fish and
mammals?

9.What are the adaptations of the skeletal system in flight birds?

10.Explain the role of the liver in digestion and excretion.

Long Questions:

1.Discuss the comparative anatomy of the digestive system in vertebrates
with examples.

2.Explain the evolution of respiratory organs from fish to mammals.
3.Compare and contrast the structure and function of different types of
kidneys in vertebrates.

4.Describe the modifications in the skeletal system in relation to
locomotion in various vertebrates.

5.Discuss the differences in nitrogenous waste excretion in fish,
amphibians, reptiles, birds, and mammals.

6.Explain the evolution of lungs and their role in gas exchange.
7.Describe the adaptations of the bird respiratory system for efficient
oxygen exchange.

8. Compare the structure of the vertebrate skeletal system across
different groups.

9.Discuss the role of the vertebrate urinary system in osmoregulation.

10.Explain the relationship between respiration and metabolism in
vertebrates.

REFERNCES:

Kardong, K.V. (2019). "Vertebrates: Comparative Anatomy, Function,
Evolution" (9th ed.). McGraw-Hill Education, Chapter 11, pp. 299-326.

120
MATS Centre for Distance and Online Education, MATS University



Hildebrand, M., & Goslow, G.E. (2001). "Analysis of Vertebrate
Structure" (5th ed.). John Wiley & Sons, Chapter 8, pp. 163-186

Unit 11: Comparative Account of Respiratory Organs in Vertebrates

Kardong, K.V. (2019). "Vertebrates: Comparative Anatomy, Function,
Evolution" (9th ed.). McGraw-Hill Education, Chapter 8, pp. 219-244.

Hickman, C.P., Roberts, L.S., Keen, S.L., Eisenhour, D.J., Larson, A., &
'Anson, H. (2020). "Integrated Principles of Zoology" (19th ed.).
McGraw-Hill Education, relevant chapters on respiration in different
vertebrate classes.

Unit 12: Skeletal system- Comparative account

Kardong, K.V. (2019). "Vertebrates: Comparative Anatomy, Function,
Evolution" (9th ed.). McGraw-Hill Education, Chapters 6 & 7 .

MODULE 5§

COMPARATIVE ANATOMY III
Objective

e To study the structure and function of vertebrate sense organs.

e To compare the anatomy of the nervous system across different
vertebrate groups.

e To analyze the adaptations of the brain, spinal cord, and
peripheral nervous system.

UNIT 5.1
Sense organs

5.1 Introduction

Sense organs are specialized structures that help organisms perceive and
respond to changes in their internal and external environment. They act
as biological receivers, detecting specific stimuli such as light, sound,
pressure, temperature, taste, and smell, and then transmitting this
information to the central nervous system for interpretation and response.

In animals, sense organs have evolved with great diversity and

specialization, ensuring survival, reproduction, and adaptation to various
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habitats. For example, eyes detect light and form images, ears perceive
sound and maintain balance, taste buds detect chemicals in food, and
olfactory organs sense airborne molecules. Additionally, specialized
receptors detect touch, vibration, temperature, and pain.

The efficiency of sense organs is closely linked to the nervous system, as
both together form the basis of perception and behavior. Vertebrates
generally possess five classical senses (vision, hearing, smell, taste, and
touch), though many species have additional senses like electroreception,
magnetoreception, and lateral line systems (in fishes and amphibians).

Thus, sense organs act as vital interfaces between the organism and its
environment, enabling animals to explore, avoid danger, communicate,
and maintain homeostasis.

5.1.1Ear — Organ of Hearing and Balance

The vertebrate ear has a dual role: it detects sound waves and maintains
equilibrium. The mammalian ear is divided into three parts. The outer
ear, consisting of the pinna and auditory canal, collects sound waves. The
middle ear houses tiny ossicles—malleus, incus, and stapes—that
amplify vibrations; in amphibians and reptiles, a single ossicle called the
columella serves this purpose. The Eustachian tube connects the middle
ear to the pharynx, equalizing pressure. The inner ear contains the
cochlea, which translates sound vibrations into nerve impulses, and the
vestibular apparatus, composed of semicircular canals, utricle, and
saccule, which regulate balance and spatial orientation. Evolutionary
adaptations in hearing are striking: bats employ echolocation to navigate
in the dark, owls have asymmetrical ear openings to precisely locate
prey, and fishes lack external ears but rely on their inner ear combined
with the lateral line system to sense vibrations in water.
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Fig 5.1: Structure of ear

5.1.2Nose — Organ of Smell (Olfaction)

CHORDATES AND
The nose functions as the organ of olfaction, detecting volatile chemical COMPARATIVE
molecules in the environment. Its inner lining, the olfactory epithelium, ANATOMY

contains specialized sensory receptor cells equipped with cilia that bind
odorants. These signals are relayed to the olfactory bulb and
subsequently processed in the brain. Smell plays a vital role in food
detection, predator avoidance, reproduction, and social communication.
In many animals, olfaction is far more developed than in humans. For
instance, dogs have hundreds of millions of olfactory receptors compared
to just a few million in humans. Migratory fishes such as salmon rely
heavily on olfactory cues to return to their natal rivers. Snakes possess a
vomeronasal or Jacobson’s organ, which helps them detect pheromones
and track prey through chemical trails.

5.1.3Tongue — Organ of Taste (Gustation)

Taste perception is carried out by the tongue, which is studded with
papillae containing taste buds. These taste buds detect dissolved
chemicals in food and beverages, translating them into the five basic
taste modalities: sweet, sour, salty, bitter, and umami. The signals from
taste receptors are transmitted via the cranial nerves—facial,
glossopharyngeal, and vagus—to the brain, where the sensation of taste
is interpreted. Taste is closely linked to feeding behavior, enabling
animals to accept nutritious food and reject harmful or toxic substances.
Adaptations vary: herbivores often have more taste buds to detect plant
toxins, while carnivores may have fewer but are more sensitive to amino
acids. Interestingly, catfish possess taste buds all over their body surface,
making them extremely sensitive to chemical cues in water.

5.1.4 Skin — Organ of Touch (Somatosensation)

The skin is the largest sensory organ in vertebrates, capable of detecting
touch, pressure, vibration, pain, and temperature. Embedded within the
skin are a variety of receptors: Meissner’s corpuscles for light touch,
Pacinian corpuscles for deep pressure and vibration, Merkel cells for
texture, Ruffini endings for stretch, and free nerve endings for pain and
temperature. Beyond these general functions, the skin shows remarkable
adaptations in different animals. Whiskers, or vibrissae, in cats and seals
are highly sensitive to vibrations, aiding in hunting and navigation in
dark environments. Amphibians rely on their skin not only for respiration
but also for sensing minute changes in water currents, enhancing their
survival in aquatic habitats.

5.1.4The Eye (Organ of Vision)
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The eye is a complex sense organ responsible for detecting light and
enabling vision. It is spherical in shape and protected by the eyelids,
eyelashes, and bony orbit. The wall of the eyeball consists of three
CHORDATES AND layers:
COMPARATIVE
ANATOMY

1. Outer Layer (Fibrous Coat):

o Cornea: Transparent front part that allows light to enter
and contributes to focusing.

o Sclera: White, tough covering that maintains the shape of
the eye and provides protection.

2. Middle Layer (Vascular Coat/Uvea):
o Choroid: Contains blood vessels that nourish the retina.

o Iris: Colored part of the eye with a central opening
(pupil) that regulates the amount of light entering.

o Ciliary body: Contains muscles that control lens shape
(accommodation).

3. Inner Layer (Retina):
o Light-sensitive layer with photoreceptors:

= Rods: Function in dim light and provide black-
and-white vision.

» Cones: Function in bright light and provide color
vision.

o Retina also contains bipolar and ganglion cells that relay
signals to the optic nerve.

Lens and Aqueous/Vitreous Humors

e The lens is transparent and biconvex, focusing light onto the
retina.

e Aqueous humor (in front of the lens) maintains intraocular
pressure and nourishes cornea/lens.

e Vitreous humor (behind the lens) maintains the eye’s shape and
supports the retina.

Physiology of Vision

e Light enters through cornea — passes pupil — focused by lens —
falls on retina.

e Rods and cones convert light into electrical signals.

o These impulses travel via the optic nerve to the brain’s occipital
lobe, where the image is interpreted.
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o The eye also adjusts to different light intensities through pupil
constriction and dilation (pupillary reflex).

Conjunctiva Sclera
o Choroid

Retina

Fovea

/ centralis

_ Macula
| Blind Spot

Optic
nerve

Anterior
chamber

| ‘Optic disc
Suspensory
ligament Rectus muscle Vifreous Body

Fig 5.2: Structure of eye

Specialized Sense Organs in Vertebrates

In addition to the primary five senses, vertebrates exhibit a range of
specialized organs suited to their ecological needs. Fishes and
amphibians possess a lateral line system, a series of mechanoreceptors
that detect water currents and vibrations. Sharks and rays are equipped
with Ampullae of Lorenzini, specialized electroreceptors capable of
sensing weak electric fields produced by prey. Pit vipers and some boas
have infrared receptors that allow them to detect the body heat of warm-
blooded animals, even in total darkness. Birds, turtles, and certain fishes
exhibit magnetoreception, enabling them to navigate long migratory
routes using the Earth’s magnetic field. Electric fishes not only detect but
also produce electric fields for prey detection and communication. These
specialized systems highlight the incredible diversity and adaptability of
vertebrate sensory biology.

The Lateral Line System: Structure and Function

The lateral line system is a unique sensory system possessed by aquatic
vertebrates such as fish and amphibians that allows them to sense water
movements, pressure gradients, and low-frequency vibrations in the
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surrounding water environment. This highly developed mechanosensory
system enables the animals to exhibit an array of behaviors related to
survival including schooling, detection of prey, evasion of predators,
navigation around obstacles, and communication under low-light or
visually impaired conditions. Structurally, the lateral line system is made
up of a series of mechanoreceptive organs known as neuromasts,
distributed over the body surface in characteristic arrangements.
Neuromasts may reside on the skin surface (superficial neuromasts) or in
fluid-filled canals (canal neuromasts), which communicate with the
environment through a series of pores. Structure and function of
neuromasts vary greatly among species, correlating to their specific
environmental needs. A neuromast consists of a cluster of specialized
hair cells, the mechanoreceptors that serve as the functional unit of the
lateral line system. These hair cells are similar to those found in the inner
ear of vertebrates,

suggesting an evolutionary relationship between these sensory systems.
On its

apical surface, each hair cell has one kinocilium (true cilium) and
numerous stereocilia (modified microvilli) arranged into a staircase
pattern. This stereocilia and kinocilium bundle is surrounded by a
gelatinous cupula, which extends into adjacent water. Deformation of the
cupula due to water movements or pressure waves leads to the bending
of the stereocilia bundle, allowing the opening or closing of
mechanically gated ion channels depending on the direction of the
bending. Bending towards the kinocilium results in depolarization of the
hair cell (excitation), whereas bending away from the kinocilium the hair
cell hyperpolarizes (inhibition). Because they are more sensitive to
movement from certain directions than others, neuromasts can detect the
direction of the water movement in addition to its presence.

« Superficial neuromast
== Subdermal canal

(a) Typical layout of the lateral line in a fish

<+— Cupula Epidermis
1 Vs Pore
CIT TR -coa
- Hair cell j‘ f }- Neuromast
; Nerve ~———— Nerve

(b) Superficial neuromast (c) Neuromasts in subdermal canal

Fig 5.3: Lateral line system
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Summary:

Sense organs are specialized structures that enable organisms to perceive
and respond to environmental stimuli, thus playing a vital role in survival
and adaptation. They contain specific receptors that convert physical or
chemical stimuli into nerve impulses. The eye functions as the organ of
vision, with rods and cones detecting light and colors; the ear serves both
hearing (via the cochlea) and balance (via semicircular canals and
vestibule); the olfactory organ in the nasal cavity detects smells through
chemoreceptors; taste buds on the tongue recognize five primary tastes—
sweet, sour, salty, bitter, and umami; and the skin, the largest sense
organ, detects touch, pressure, temperature, and pain through specialized
receptors. Together, these organs allow integration of sensory
information and help organisms interact effectively with their
surroundings.

A.Multiple Choice Questions (MCQs)

1. Which photoreceptors are responsible for color vision?
a) Rods
b) Cones
¢) Bipolar cells
d) Ganglion cells
Answer: b) Cones

2. The cochlea is mainly involved in:
a) Smell perception
b) Hearing
c) Balance
d) Vision
Answer: b) Hearing

3. The semicircular canals of the inner ear help in:
a) Detecting sound
b) Equilibrium and balance
c¢) Detecting odors
d) Visual accommodation
Answer: b) Equilibrium and balance

4. Taste buds detect how many primary tastes?
a)3
b) 4
c)5
d) 6
Answer: ¢) 5
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5. Which organ is the largest sense organ of the body?

a) Eye
b) Ear
CHORDATES AND ¢) Skin
COMPARATIVE d) Tongue
ANATOMY Answer: ¢) SKin

B.Short Answer Questions
1. Differentiate between rods and cones in the retina.
2. Write the functions of semicircular canals.
3. Name the five primary tastes detected by taste buds.
4. Explain the role of olfactory receptors in smell perception.

5. Mention the types of receptors present in human skin.
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UNIT 5.2

Nervous system

5.2.1 Brain Structure: Comparative Brain Anatomy in Vertebrates

Despite the extreme diversity of brain size, complexity, and function
across vertebrate species, the brain follows a conserved basic
organizational framework that mirrors its evolutionary trajectory. This
basic plan comprises three main vesicles formed during embryogenesis:
the prosencephalon (forebrain), the mesencephalon (midbrain), and the
rhombencephalon (hindbrain). The primary vesicles then develop into five
pairs of secondary vesicles; that is, telencephalon and diencephalon
(derived from prosencephalon), mesencephalon (unsegmented),
metencephalon and myelencephalon (derived from rhombencephalon).
This developmental mode forms the basis for the major structural
subdivisions that are seen within the vertebrate brain of the adult. The
vertebrate brain can be subdivided into major regions in adults with
specific functions. The cerebrum, (telencephalon)- the largest part of the
brain, consists of the cerebral cortex (outer layer) and the basal ganglia,
hippocampus, and amygdala. Mammals have an especially large cerebral
cortex, which increases dramatically in size and folding (gyri and sulci)
over evolutionary time to maximize surface area and minimize volume.
The cortex 1s made up of different functional regions, responsible for
analyzing sensory information, controlling movement, and cognitive
processing. In humans, these involve the frontal lobe (executive functions,
planning, and personality), parietal lobe (integration of sensory
information), temporal lobe (auditory processing, aspects of memory and
language), and occipital lobe (vision processing).

The pons, cerebellum and medulla oblongata constitute the hindbrain.
The pons, which is part of the metencephalon, features nuclei involved in
the transmission of sleep signals from the forebrain to the cerebellum and
nuclei that control respiration. The cerebellum, also an evagination of the
metencephalon, is responsible for motor coordination, precision and
timing, but it is becoming apparent that it also contributes to cognitive
functions. The medulla oblongata (myelencephalon) contains the control
centers for autonomous functions such as heart rate, blood pressure, and
respiration and the transition between brain and spinal cord. The brain of
vertebrates exhibits many evolutionary innovations (5), which can be
conceptualized as evolutionary trends (4) and include not only new
structures, but significant expansions and elaborations of existing
structures; for example, the mammalian telencephalon has been
"stretched" and organized into increasingly complex structures (6). In
fishes, the brain is simple and organized linearly, reflecting the three
primary vesicles. The telencephalon has a main olfactory function, and
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the optic tectum (metencephalon) processes visual data. Depending on the
fish's mobility and habitat, the cerebellum can be very large or very small.

In amphibians, overall brain organization is still similar but telencephalon
becomes more expanded. A continued dominance of the optic tectum
relative to other sensory structures indicates the central role of vision in
these animals. The cerebellum is still quite simple, congruent with the
narrow motor repertoire of most amphibians. In reptiles, the telencephalon
gains even more sophistication with the partitioning of the cerebral cortex
into separate regions. The region of the brain known as the dorsal
ventricular ridge, common to reptiles and birds, is involved in processing
sensory inputs and may be an evolutionary precursor to some aspects of
mammalian cortical function. In more active animal classes (crocodilians,
etc.), such complexity is more robust, even evident in the cerebellum. The
brain of the bird is also fascinating in the scope of development of
components, particularly the large expansion of the telencephalon even
though birds lack a layered mammalian type of neocortex. Instead, birds
have an enlarged dorsal ventricular ridge and a structure known as the
Waulst that processes visual and somatosensory information. Also, the
avian cerebellum is proportionally larger, which is consistent with the
observation that birds possess very complex motor skills, especially when
it comes to flight.

In mammals, the telencephalon expands dramatically to allow for the
development of a unique six-layered neocortex, which encases the
cerebrum. Notably in primates, and especially humans, where the mass of
the breeding brain consists of the neocortex in about 80 % and the surface
of the cerebrum was folded to a large extent in order to fit into the enlarged
cranial cavity. Same with Mammalian cerebellum with much more
complex with multilobule organized by gene expression. Such
evolutionary traits were probably adaptations to different ecological
niches and behavioral needs. For example, animals with improvement in
sensory abilities in a particular modality often exhibit a similar expansion
of the brain region corresponding to that sensory modality. Likewise,
species with complex social behaviors generally demonstrate a
pronounced enlargement of the frontal and temporal regions responsible
for social cognition and communication. Now there’s you—perfecting the
extreme end of this evolutionary trend, with unprecedentedly-expansive
prefrontal cortex regions tailored for executive functions and abstract
reasoning, as well as complex language. The similarities in how
vertebrates are organized fundamentally reflect their shared evolution.
These consist of the fundamental classification into fore-, mid- and
hindbrain; the existence of cerebral hemispheres, cerebellum and
brainstem; and the preservation of significant neural pathways and
neurotransmitter systems. This common architecture provides a
framework for both the unity and diversity of vertebrate brain structure
and function.
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5.2.2Spinal Cord Structure: Anatomy, Segmentation, and Functional
Significance

The spinal cord exhibits regional differences in size and internal
organization that are indicative of functional specializations. Two
enlargements (cervical enlargement (C3-T1), lumbosacral enlargement
(L1-S3)) have more gray matter in order to innervate the huge number of
neurons required for the upper and lower limbs, respectively. Gray-to-
white matter ratio) depends on the length of the cord too — the
lumbosacral region contains proportionally more gray matter/less white
matter than cervical regions; this reflects the lower number of ascending
and descending fibers at lower levels. The spinal cord functions as both
conduit for information moveing between the brain and periphery — and
an integrative center that is responsible for coordinating complex motor
responses. Spinal reflexes are automatic, stereotyped responses to specific
stimuli and can occur without any involvement of the brain, though they
can be modulated by descending influences. In contrast, simple reflexes,
such as the myotatic (stretch) reflex, which underlies the knee-jerk
response, involve only one or two synapses, and they are confined to a
single segment. Higher-order reflexes, including the withdrawal reflex to
noxious stimuli, include multiple segments and intersegmental
coordination.

Within the spinal cord itself are central pattern generators — neural
circuits that can generate the rhythmic motor outputs found in activities
such as locomotion. Without asking the brain for help, these networks are
capable of producing basic walking or swimming patterns, although
normal homeostatic descent would allow the initiation, modulation and
coordination of movement. Because the brainstem can operate
independently from higher brain centers, this unique processing allows for
rapid responses to potentially threatening stimuli, freeing up resources for
additional cognitive processing higher in the brain. Spinal cord regional
specialization level is usually related to appendicular development.
Tetrapod cervical and lumbosacral enlargements correspond to limbs,
whereas legless vertebrates have more homogenous spinal cords. Birds
have a pronounced lumbosacral enlargement, and some birds have a
glycogen body (a structure of unknown function) located dorsal to the
lumbosacral enlargement. Patterns in the organization of spinal tracts
reveal evolutionary trends toward greater complexity. Primates, in
particular, have an elaborate corticospinal tract providing explicit
connections between the cerebral cortex and spinal motor neurons and
facilitating fine motor control. In non-mammalian vertebrates, other
descending pathways from brain stem structures play a more prominent
role in supporting all levels of locomotion. Likewise, the ascending
sensory pathways in mammals display increasing specialization and
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complexity, with separate channels for each sensory modality, enabling
more into subtle sensory discrimination.

5.2.3Ventricular System: Structure and Function of Cerebrospinal
Fluid

Central canal: continuation of ventricular system in spinal cord. In
humans, it remains patent throughout the spinal cord during development
but is usually obliterated, especially in the upper segments, or becomes
vestigial in adults. When patent, it stretches from the fourth ventricle to
the conus medullaris, where it may slightly dilate to create the terminal
ventricle. Cerebrospinal fluid (CSF) is a clear and colorless fluid found in
the ventricular system and the subarachnoid space (between the arachnoid
mater and the pia mater). It protects mechanically by forming a liquid
buffer between the brain and the skull allowing shock absorption and
reducing the effective weight of the brain in relation to the cranium. It
also regulates the concentrations of various ions, nutrients and
metabolites, maintaining a stable chemical environment for neural
function. It empowers clearance of metabolic wastes out of brain
parenchyma. It also facilitates brain development by transporting growth
factors and other signaling molecules. In human beings, approximately
150 ml of CSF is present in total which includes around 25 ml from the
ventricular system and other part from the subarachnoid space. CSF is
secreted and absorbed without a pause; the average daily production turns
out to be about 500 ml, or three full replacements per day. This process of
continual turnover maintains a fresh source of nutrients and efficient
waste disposal.

The ventricular system is remarkably conserved among vertebrates from
a comparative perspective, although there is wide variability in its
morphology (and accompanying brain structure). In fishes and
amphibians, the telencephalic ventricles (homologous to mammalian
lateral ventricles) are single or only slightly subdivided, reflecting a less
advanced form of hemispheric separation. In ectothermic vertebrates,
where the midbrain structures are less elaborate, the cerebral aqueduct
tends to be shorter and wider. Birds have a peculiar modification of the
ventricular system, which extends as a cerebrospinal fluid-containing
sinus into the rhomboid sinus at the lumbosacral junction of the spinal
cord. These structures may function in balance and coordination during
bipedal walking. In contrast, mammals exhibit the greatest diversity
geared towards ventricular morphology, especially the lateral ventricles
which generate elaborate horns with the expansion of respective cerebral
lobes. There is also some interspecies variability in CSF composition and
dynamics. Having the most evolved blood-CSF barrier, mammal CSF is
lowest in protein content compared to plasma. CSF turnover rates are
generally proportional to metabolic rate, with smaller, more metabolically
active species showing more rapid renewal. Nonetheless, the basic
mechanisms of synthesis by choroid plexuses and reabsorption through
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arachnoid granulations are similar across vertebrates with prominent
brains.

5.2.4Nerve Pathways: Sensory and Motor Pathways, Reflex Arc

The nervous system functions via complex webworks of neural pathways
that relay and process information, resulting in perception, movement,
and sophisticated behaviors. These pathways can be broadly classified as
sensory (afferent), motor (efferent), and integrative, but most pathways
comprise elements from multiple categories coordinated in an integrated
fashion. They pass through specialized sensory pathways, which include
separate systems for visual, auditory, vestibular, gustatory and olfactory
stimuli. So, for instance, the visual pathway starts through photoreceptors
in the retina, which pass their signals onto retinal neurons, which pass their
signals on the optic nerve. Partial decussation at the optic chiasm allows
information from the left visual field to project to the right occipital cortex
and vice versa. Information about sound is relayed through several
processing stations in the brainstem before reaching our primary auditory
cortex, whereas the olfactory pathway is different in that it sends
information directly to the cortex instead of relaying through a thalamic
station. The autonomic nervous system takes its own specialized
pathways. Sympathetic pathways consist of preganglionic neurons from
the thoracolumbar spinal cord sending projections to paravertebral or
prevertebral ganglia, where they synapse onto postganglionic neurons that
innervate target organs. The parasympathetic pathways consist of
preganglionic neurons located in the brainstem (from cranial nerves III,
VII, IX, and X) and sacral spinal cord that synapse on postganglionic
neurons located far away from their targets (near or inside the organ).

It involves one or more interneurons between a sensory neuron and a
motor neuron. One example of such more intricate circuitry is the
withdrawal reflex, evoked by noxious stimuli. On detection of noxious
stimulus, sensory neurons activate interneurons in the dorsal horn which
coordinate a multi-joint response by 1) Exciting motor neurons
innervating flexor muscles (With-holding from the stimulus) and 2)
Inhibiting motor neurons innervating antagonistic extensor muscles
(preventing ‘opposing’ actions). This reflex is often expressively spatially,
with more intense stimulus recruitment of musculature in adjacent
segments, and crossed extension, such that on the side stimulated limb
withdrawal is accompanied by the extension of the contralateral limb in
assistance to maintain balance. The reflex arc illustrates some functional
principles of neural circuits. To cause a coordinated response, a single
sensory neuron could activate many motor neurons via divergence.
Convergence allows to combine inputs from different sources on one
neuron, to sum and modulate them. Self-regulation and coordination
between antagonistic muscle groups are mediated through recurrent and
reciprocal inhibition. Although reflexes are inherently encoded, extra
descending pathways from higher centers can influence the intensity and
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characteristics of these circuits, thereby enabling context-based
modulation of reflexive behaviors.

Yet, on the comparative level, basic reflex circuitry is remarkably
conserved in vertebrates, underscoring its fundamental importance for
survival. Transduction: The process of changing one energy from its
original source to another, it covers all aspects of dealing with that energy
(transmission, perception, capture and etc). For example, in primates, the
corticospinal tracts are highly developed with extensive direct connections
(especially to injury of distal muscles) from cortical neurons to spinal
motor neurons, which are responsible for the fine manual control typifying
these species (Fitzgerald et al. 2020). On the other hand, movement
control in non-mammalian vertebrates depends more on brainstem motor
pathways. Similar adaptations occur in sensory systems. The auditory and
olfactory pathways are generally more advanced in nocturnal species,
whereas the visual systems are more elaborate in diurnal species.
Vertebrates living in water have special systems to sense the movement of
the water surrounding them, called a lateral line, which does not exist in
land Vertebrates. Where balance control is an absolute necessity, such as
in birds and arboreal-adapted mammals, and especially tapires, the
vestibular system is particularly elaborate.

Summary:

The nervous system is the body’s control and communication network,
responsible for receiving, processing, and transmitting information to
coordinate body functions. It is divided into the central nervous system
(CNS)—comprising the brain and spinal cord—and the peripheral
nervous system (PNS), which includes sensory and motor nerves. The
autonomic nervous system (ANS), a part of the PNS, regulates
involuntary activities through the sympathetic (“fight or flight”) and
parasympathetic (“rest and digest”) divisions. The basic structural and
functional unit of the nervous system is the neuron, specialized for
transmitting impulses via electrical and chemical signals. Neurons
communicate across synapses using neurotransmitters, ensuring rapid
integration of stimuli and responses, maintaining homeostasis, and
allowing complex processes like memory, learning, and behavior.

A.Multiple Choice Questions

1. The structural and functional unit of the nervous system is:
a) Axon
b) Neuron
c¢) Synapse
d) Dendrite
Answer: b) Neuron
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2. Which part of the brain controls balance and coordination?
a) Cerebrum
b) Cerebellum
CHORDATES AND ¢) Medulla oblongata
COMPARATIVE d) Hypothalamus
ANATOMY Answer: b) Cerebellum

3. The gap between two neurons is called:
a) Axon hillock
b) Dendritic cleft
c¢) Synapse
d) Neurofibril
Answer: c¢) Synapse

4. Sympathetic nervous system mainly prepares the body for:
a) Rest and digestion
b) Fight or flight
c) Hormone secretion
d) Sleep regulation
Answer: b) Fight or flight

5. Myelin sheath around axons helps in:
a) Nutrient supply
b) Slowing nerve conduction
¢) Insulating and speeding impulses
d) Producing neurotransmitters
Answer: ¢) Insulating and speeding impulses

B.Short Answer Questions
1. Differentiate between CNS and PNS.
2. What are the main functions of the hypothalamus?
3. Define a reflex arc with an example.
4. What is the role of the cerebrum?

5. Explain the difference between sympathetic and parasympathetic
nervous systems.

Summary:
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The sense organs and nervous system together form an integrated
network for perception, coordination, and response in vertebrates.
Sense organs—such as the eye (vision), ear (hearing and balance),
olfactory organ (smell), taste buds (taste), and skin (touch,
pressure, pain, temperature)—contain specialized receptors that
detect external and internal stimuli. These sensory inputs are
transmitted as impulses to the nervous system, which serves as the
control and communication network of the body. The central nervous
system (CNS), comprising the brain and spinal cord, processes
information, while the peripheral nervous system (PNS) transmits
signals between CNS and body parts. The autonomic nervous system
(ANS) regulates involuntary activities through sympathetic and
parasympathetic divisions. The neuron, the structural and functional
unit, transmits signals through electrochemical impulses and
neurotransmitters across synapses. Together, the nervous system and
sense organs maintain homeostasis, enable interaction with the
environment, and support higher functions such as memory, learning,
behavior, and adaptive responses.

A.Multiple Choice Questions

1. The functional unit of the nervous system is:
a) Axon
b) Neuron
c) Synapse
d) Dendrite
Answer: b) Neuron

2. Rods in the retina are specialized for:
a) Color vision
b) Day vision
c¢) Dim-light vision
d) Peripheral vision only
Answer: ¢) Dim-light vision

3. Which part of the ear maintains balance?
a) Cochlea
b) Semicircular canals
c¢) Eardrum
d) Ossicles
Answer: b) Semicircular canals

4. The cerebellum mainly controls:
a) Thinking
b) Hormone secretion
¢) Balance and coordination
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d) Smell perception
Answer: c¢) Balance and coordination

5. The largest sense organ in the human body is:

CHORDATES AND
a) Eye
COMPARATIVE
b) Ear
ANATOMY ¢) Skin
d) Tongue

Answer: c¢) SKkin

6. Neurotransmitters are released at:
a) Cell body
b) Dendrite
c¢) Synapse
d) Myelin sheath
Answer: c¢) Synapse

7. Which cranial nerve is responsible for vision?
a) Olfactory nerve
b) Optic nerve
c¢) Auditory nerve
d) Trigeminal nerve
Answer: b) Optic nerve

8. The iris regulates:
a) Lens curvature
b) Entry of light
¢) Shape of retina
d) Eye movement
Answer: b) Entry of light

9. Sympathetic nervous system prepares the body for:
a) Rest and digestion
b) Sleep regulation
c) Fight or flight
d) Hormone balance
Answer: ¢) Fight or flight

10. Myelin sheath helps in:
a) Nutrient supply to neurons
b) Slowing down impulses
c) Faster conduction of impulses
d) Production of neurotransmitters
Answer: c) Faster conduction of impulses

B.Short Answer Questions

1. Differentiate between rods and cones.
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10.

What is a reflex arc? Give one example.

Write the functions of the hypothalamus.

Explain the role of semicircular canals in balance.
Define accommodation of the eye.

Mention the difference between CNS and PNS.
What are neurotransmitters? Give two examples.
Describe the function of the spinal cord.

Write the five primary tastes detected by taste buds.

What is the function of the optic nerve?

C.Long Answer Questions

1. Describe the structure of the human eye and explain the physiology
of vision.

2. Explain the structure and functions of the ear in detail.

3. Discuss the divisions of the nervous system with suitable
diagrams.

4. Explain the structure of a neuron and the transmission of nerve
impulses.

5. Write an essay on the role of the autonomic nervous system.

6. Describe the different types of receptors present in the human skin.

7. Explain the physiology of balance and equilibrium in humans.

8. Discuss the organization and functions of the brain regions.

9. Explain the role of olfactory and gustatory receptors in
chemoreception.

10. Write a note on coordination between sense organs and nervous
system in maintaining homeostasis.
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