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1. INTRODUCTION: PHYLUM CHORDATA AND THEIR CHARACTERISTICS
· What is vertebrate Zoology? It is a branch of Zoology that study about animals that have back bone in general. These animals are belonging in one phylum called phylum Chordata. It was created by Balfour in 1880. 	
1.1 WHAT ARE CHORDATES?
The name of this phylum is derived from two Greek words, the chorde meaning a string or cord, and ata meaning bearing. The reference is a common characteristic feature in the form of a stiff, supporting rod-like structure along the back, called the notochord (Gr., noton, back;  chorda, cord), which is found in all the members of the phylum at some stage of their lives. Thus, chordates are animals having a cord, i.e., notochord. The animals belonging to all other phyla of the Animal Kingdom are often termed 'the non-chordates' or 'the invertebrates since they have no notochord or backbone in their body structure.
The phylum chordate is the largest groups in duetrostome phyla that include living and extinct animals. Chordates occupy a greater variety of habitats and have more complicated mechanisms of self maintenance than other group in the animal kingdom. They are large and diverse assemblage of marine, fresh water and terrestrial animals. They occupied the marine habitat at first time (especially the primitive chordates) then followed by freshwater, land and air. Compared to invertebrate, the total numbers of chordate species are insignificant. It covers 3% (55,000-60,000) of the described animal species.

General characteristics of chordates (features found in most but not in all)
· The presence of integument body covering of epidermis and dermis
· Have usually two pairs of jointed appendages 
· Have highly developed segmented muscle system (attached to the skeleton of un-segmented trunk) to provide support and movement.
· Have complete digestive system.
· Have circulatory system consisting of a ventral heart of two to four chambers. (a closed blood vessel system of arteries, veins and capillaries; blood fluid containing red blood cells with hemoglobin and WBC)
· Have well developed coelom (body cavity) (mostly filled in internal organs and lined by the peritoneum).
· Excretory system consisting of paired kidneys.
· Have 10 or 12 pairs of cranial nerves (with both motor and sensory functions; an autonomic nervous system in control of involuntary functions of internal organs).
· Have endocrine system of ductless glands scattered throughout the body.
· Have usually separate sexes (each sex containing paired gonads).
Distinctive features of chordates 
· All chordates posses 4 distinctive features at some stage of their life history. These are:
1. The presence of notochord
2. The presence of dorsal tubular and single nerve cord
3. The presence of paired pharyngeal poaches (gill slits) 
4. Post anal tail 
· These features are always appearing at some embryonic stage, but they may be persistent or altered or may disappear in the later stages of the life cycle.
· In Vertebrates, the notochord is replaced by back bone. 
1. Dorsal tubular Nerve Cord
· It exists dorsally along the antero-posterior axis of the body.
· Embryologically, the nerve cord originates from the dorsal ectoderm.
· Develops dorsally above the notochord.
· In most spp., into the brain anteriorly and spinal cord posteriorly 
· The nerve cord serves for the integration and coordination of the body activities.
2.  Notochord
· It is an elastic rod-like structure extending the length of the body and situated immediately above the alimentary canal and just below the dorsal tubular nerve cord.
· It is a cylinder rod that develops from the endoderm in all chordates.
· It is formed from special type of vacuolated cells and remains covered by a sheath, known as notochord sheath

Functions
· Allows flexibility along the long axis of the body, but does not allow compression.
· Serve as hydrostatic organ and adds stability to the shape of the organism. 
· Acts as a place of muscle attachment to allow lateral movements of the tail for swimming
· Its evolution seems general transformation from a sessile life style to a motile life style.
· Helps to classify the phylum chordate based on its structure.
3. Pharyngeal (gills) slits
·  The pharynx is a part of the digestive tract located immediately posterior to the mouth.
· During some point in the life time of all chordates, the wall of the pharynx is pierced by a longitudinal series of openings called the pharyngeal slits.
· In tunicates and cephalochordates, the clefts and arches are used to capture small food particles.
· In fish-like vertebrates and juvenile amphibians, the wall of the pharyngeal clefts develops into gills that are organs of gas exchange.
· In adult amphibians and the amniotes tetrapods (reptiles, birds and mammals), the most cleft transforms into the auditory tube and middle ear chamber.
· All chordates at some stage of their life history posses paired pharyngeal (gills) slits
· In the primary aquatic animals, these remain persistent in the adult and function as the passage for the respiratory water current.
· However, the transition from the aquatic to the land life involves pulmonary respiration and consequently the gill slits lost its function.
· However, the initial stages of their formation are clearly observed in the embryos of the terrestrial chordates.
· In adults, however, these are totally obliterated (destroyed) and became transformed in to other organs.
4. Post anal tail
· It is a posterior elongation of the body (tail) extending beyond the anus.
· It may persist or lost during development. The tail contains skeletal elements and muscles, which provide a source of locomotion in aquatic species, such as fishes. In some terrestrial vertebrates, the tail also helps with balance, courting, and signaling when danger is near. In humans, the post-anal tail is vestigial, that is, reduced in size and nonfunctional
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Characters Common to Chordates and Higher Non chordates
1. Axiation
2. Bilateral symmetry
3. Triploblastic condition
4. Eucoelom
5. Metamerism: external metamersim in chordates restricted on a certain body parts
6. Organ-system
Advancements of Chordata over Other Phyla

a/ Endoskeleton: Even though endoskeleton is also found in echinoderms and a few others invertebrates, it is more advance in chordates. It allows growth of organism in size without periodical shedding as exoskeleton. It can be: 
· Axial endoskeleton: The central body parts and includes vertebrae, skull, ribs and sternum 
· Appendicular: lateral body parts like pectorial and pelvic fins, median fins and paired limbs
These endoskeletons are made up of Dentin, Cartilage, Enamel and Bone. These structures are made homologous structure because they are similar in origin. They arise from mesenchyme cells.Bone
Osteoblast

Cartilage
Chondroblast

Mesenchyme cells scleroblasts Dentin
Odontoblast

Ameleblast
Enamel


From softest to hardest: Dentin EnamelCartilage Bone. Bone is strong than cartilage because it possess large quantity of calcium phosphate than cartilage. Components of bone includes matrix (collagen), Crystals (calcium phosphate), Cementing (water and mucopolysaccharide)
b/  Efficient respiration: The gills in aquatic chordates and the lungs in terrestrial forms are the efficient organs of respiration. These respiratory surfaces should:
· Moisture to exchange gases
·  Thin to make enough for diffusion
· Vascularious –well supplied with blood vessels to transport air for different body parts
c/ Efficient Circulation. The circulatory system of the chordates is well developed and the blood flows freely in the respiratory organs ensuring rapid exchange of gases. Moreover, the blood-vascular system forms an important medium for several other vital activities of the body.
d/ Centralized nervous system. The advancement in nervous and sensory systems explains the great power of the chordates for adapting themselves most successfully to a variety of environments.
e/ Permanent locomotary appendages
· Fins for fish ( Median fins  (includes anal, dorsal and caudal fins) and paired fins( includes pectorial and pelvic fins))
· Limbs for Tetrapods ( hind and fore limbs)
f/ Extra-embryonic membranes
g/ Jaws
h/Temperature regulation (Poikilothermic or homeothermic)

         Comparison (Differences) of Chordates with Nonchordates
Activity 1: Compare Chordates with Nonchordates base on the following features
	Features
	Chordates
	Nonchordates

	Symmetry
	
	

	Metamerism
	
	

	Grade of organization
	
	

	Germ layers
	
	

	Coelom
	
	

	Notochord
	
	

	Gut position
	
	

	Pharyngeal gill-slits
	
	

	Blood vascular system
	
	

	Heart
	
	

	Dorsal blood vessel
	
	

	Nervous system
	
	

	Nerve cord
	
	

	Reproduction
	
	



1.2 POSSIBLE INVERTEBRATE ANCESTOR OF CHORDATES
There are two possible lines of descent that have been proposed about the origin of chordates.
(i). The Arthropod - Annelid- mollusk line (protostomia branch)
· Annelids and arthropods are related to chordates because of their 
· metameric segmentation
· Bilateral symmetry
· Central nervous system with brain  
· Longitudinal nerve cord
· But close examination showed that similarities are superficial. Similarities are analogy, not homology because of:-
a. Exoskeletons vs endoskeletons.
b. Solid nerve cords vs hollow nerve cords.
c. Formation torsion in mollusca.
d.  Different coelom formation (Protostomes vs. Deuterostomes).
 (ii). Echinoderm - Hemichordate line (Deutrostomia branch)
· It is believed that echinoderm-hemichordate and assemblage believed as a chordate sister group. This line is the most acceptable relative to other.
· The echinoderms and chordates share several important characteristics.
· These are:-
· Radial cleavage 
· Coelom formed by enterocoelous process.
· Tornaria larvae of hemichordate is similar to Dipleurula larvae of Echinodermata
· Biochemically, all deuterostomes use an identical phosphagen source (i.e creatine) in the energy cycle of their muscular contraction but arginine for invertebrates
	
1.3. CLASSIFICATION OF LOWER CHORDATES
Classification of Chordates 
· Chordates are divided in to two groups
(i) Protochordata (acraniata)
· The protochordates (invertebrate chordates) - lack cranium and vertebral column.
· Common features of protochordates includes
a) They are filter feeder
b) Have colorless blood
c) Lack capilaries
d) Respiration is through gills and all are aquatic
· Consists of three subphyla:-
	A.Sub phylum Hemichordata (acorn worms) Ex: Balanoglossus (tounge worm)
      B. Sub phylum Urochordata (Tunicates) Ex: Sea squirts
	C. Sub phylum Cephalochordata (Lancelets) Ex: Sea lancelets or amphioxus
(ii)  Euchordata (Craniata) or vertebrate chordates or higher chordates
· Posses a cranium and vertebral column (the vertebratae) 
· Only one sub phylum called Subphylum vertebrata
· Characterized by bony or cartilaginous vertebrate surrounding spinal cord; the presence of notochord in embryonic stage.
· They are classified in to two groups based on the presence of jaws.
(i) Super class Agnatha (jawless)
· Lack true jaws and appendage. Includes the extinct groups ( Class Ostracoderms) and extant groups ( Class cyclostomata) that comprises the following two Sub-classes: 
1. Sub-class Myxini  Ex: Hag fishes
2.  Sub-class Cephalaspidomorphi Ex: Lamprey
(ii) Super class Gnathostomata (jawed mouth)
· Gnathostoma includes jawed fishes and all tetra pods.	
            	 It includes: the extinct class placoderms and the following extant Classes:
a) Class Chondrichthyes 	Ex: Cartilaginous fishes like shark and rays
b) Class Osteichthyes (teleostomi)	Ex: Bony fishes
c) Class Amphibia (double life)	Ex: Amphibians
d) Class Reptilia (to creep)
e) Class Aves (bird)
f) Class Mammalian

1.3.1. Subphylum Hemichordates (half chordates) 
General characteristics
· Most are worm like types known as acorn worms.
· As invertebrates, they exhibit free living ciliated larvae (tornarial larvae) that closely resembles the larvae of echinoderms (sea stars).
· As chordate they have hollow dorsal nerve cord.
· As chordates they have pharynxes or throat regions which are perforated with one or more pairs of holes known as pharyngeal gill slits that allow water to pass to the exterior and at the same time tapping food particles from the water.
· They are bottom dwellers in sand and muddy tidal and shallow coastal water.
· Body is flesh/soft/ and contractile which divided into a proboscis, collar and trunk.
· All are exclusively marine species
· Notochord is called stomochord (notochord is located around mouth/proboscis region and very short even doubtful for its existence). For this reason, currently hemichordata treated as independent phylum of invertebrates.
· They are solitary or colonial.
· Their body has muscular gland and no dermis but have single layer of epidermis only.
· The two orders are Enteropneusta (e.g Balanoglossus) and pterobranchea
· The heart of hemichordates is called central sinus located on the dorsal side. Therefore, circulation is dorsally forwarded and ventrally backward ( which is the typical feature of invertebrates
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1.3.2 Urochordates (|Uro=tail).Tailed chordates at larval stage. They commonly called Tunicates, due to the none living envelop of tunic that surround the animal and produced by epidermis from cellulose like material known as Tunicin (C6 H10 O5 )n, similar to cellulose.
General characteristics
· All are marine animals.
· Notochord is prominent at tail region of larval stage
·  All are filters feeders (suspension feeders) at adult stage but larvae however, do not feed and have poorly developed gut.
· They are sessile as adult, setting to the bottom and attached themselves to aquatic substance by means of sucker. But the larvae are movable until it select permanent place for the adult.
· They live mostly as solitary and sometimes as colony.
·  Their body is covered by tunic as adult stage but the larvae are free from coverage.
The path of water in the adult is: water +food bucal siphonPharengial basketwaterfood tapped by mucus and transported forwarded by ciliaintestineanusatriumsurrounding environment.
· They are the only chordates that lack a true coelom.
· They have an old featured heart that periodically reveres its beat and the direction of blood flow. Blood flows in one direction for a few beats then pauses and reverses its action to opposite direction for a few beats. In other words, central sinus located at ventral side and pumps blood forward direction dorsally and ventrally at one time and reverse another time (backward) direction.
· Gas exchange takes place as water passes through the pharyngeal gill slits (between blood vessels and water).
· They lack an excretory organ but removal of metabolic wastes takes place by nephrocytes.
· They have primitive nervous system, mostly represented by one gangliotic brain. But the dorsal tubular nerve cord is present in larvae form.
· Reproduction: they are hermaphrodites so that fertilization may be self or cross. In cross fertilization, if female sex organ is matured before the male, the process is called protogynous (the most common in urochordata) whereas the opposite is called protandrous. Development is indirect and they have retrogressive metamorphosis (loss of the features in larvae stage and form simple adult stage)
· Only the larvae show the four chordate characteristics, but during metamorphosis the following happens:
· The notochord disintegrated
· The dorsal nerve cord also disintegrated except the ganglia
· The tail muscle disintegrated
· Only the gill slits remain and become numerous in number
· Examples: Class Ascidiacea ( e.g Sea squirt), Class Thaliaceae and Class Larvacea
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1.2.3 Cephalochordates
The name of the subphylum Cephalochordata (Gr., kephale=head + chonle - cord) is derived from the fact that the notochord extends forward inside rostrum.  This feature is encountered nowhere else in chordates. They are commonly called lancelets, because of their similarities in appearance to a lancet (a small edged surgical knife).
General characteristics
· They are scale less and fish like.
· Respiration is through body surface, no special organ for respiration.
· Nerve cord dorsal with dorsal and ventral nerve roots without sheath. They are separated and go parallel. In fish and amphibians, they meet outside the vertebral colomun but they meet within the vertebral colomun in aminota
· Excretion by protonephridia and colonocytes (water collector cell types).
.
· Reproduction is sexual, no asexual reproduction and sexes are separate and have external fertilization. Have numerous testes and bulge ovaries.
· Have numerous gill slits.
· They show all the four chordate characteristics throughout their life and the notochord extends to the entire length of their bogy.
· They have cylindrical body shape, laterally compressed and pointed at both ends.
· They have Oralhood surrounded by oral cirri (tentacle like structure at the mouth region).
· They have fins (dorsal, caudal and anal fins for the first time)
· They have closed circulatory system with blood vessels but blood pumped by contraction of artery, but have no erythrocytes and hemoglobin in their blood.  Heart (Central sinus) located at ventral side and blood flow ventrally forward but dorsally backward. It is single systemic. Hepatic portals system is well developed Have single layered skin and lack pigment.
· They have cilia mode of filter feeding habits on microscopic planktons and mucus secreted by end style. Have liver like diverticulem from the anterior end of the intestine unlike the straight gut of urochordate. 
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1.4 The geological time scale and accompanying events in vertebrate evolution
· Geologic time scale is an arbitrary chronologic sequence of geologic events. 
· It used as a measure of the age of any part of geologic time. 
· Geologic time - is the time scale that covers the earth's entire geologic history from its origin to the present.
· A geologic time scale helps scientists think about the history of the earth in manageable sections of time
· Before radiometric dating, this measures the amount of a radioactive element in an object to determine its age; estimates of the earth’s age ranged from about 4,000 years to hundreds of millions of years. Today the established age falls between 4.5 billion and 4.6 billion years.
· The present geologic time scale is based on radiometric dating and the record of ancient life preserved in layers of rock.
Division of time in the geological time scale
· The geologic time scale used today breaks the age of the earth into distinct intervals of varying lengths.
· The largest intervals are Eons. Each eon is subdivided in to Eras.
· Each Era is made up of Periods, which are further divided into epochs.
· Eon- two or more geological eras form an eon, which is the largest division of geologic time. 
		- lasting many hundreds of millions of years
· Era- Two or more geological periods comprise an era, which is hundreds of millions of years in duration
· Period- The period is the basic unit of geological time in which a single type of rock system is formed.
		- It lasts tens of millions of years.
·  Epoch- is a division of geologic period.
		- It is the smallest division of geologic time, lasting several million years.
· Age- is a unit of geological time, which is distinguished by some feature (like an ice age).
	An age is shorter than epoch, usually lasting from a few millions years to about a hundred million years. 
It is divided in to Eons, Eras, Periods and Epochs. Starting from the oldest they are
Eon: Has the following divisions
a. Hadean Eon (3800-4600my). It is approximately the age of the oldest rock and the origin of the earth.
b. Archean Eon (2500-3800my). First unicellular organisms 
c. appeared.
d. Proterozoic Eon (590-250my). Multicellular organisms appear for the first time. The above three eons are Precambrian
e. Phanerozoic eon (2-590my) or from recent to 250my. It comprise eras
A, Paleozoic Era (248-590mys). It comprise six periods
1. Cambrian period (505- 590mys)- dominancy of all invertebrates and evolution of protochordates.
2. Ordovician period (438-505mys)- period of Agnatha especially Ostracoderms)
3. Silurian period (408-438mys). First jawed vertebrates (placoderms), first land plant
      fossils.
4. Devonian period (360-408mmys)-Fresh water fish were abundant, first         amphibians.
5. Carboniferous period (286-360mys) – radiation of amphibians and first reptiles appeared.
6. Permian period (248-286mys). Extinction of trilobites, and radiation  of reptiles
B.  Mesozoic Era (66-248mys). Contains the following three periods 
1. Triasic period (213-248mys). First dinosaurs evolved
2. Juriasic period (144-213mys). Dinosaurs become dominant, mammals and birds   evolved for the first time
3. Cretaceous period (66-144mys). Climax and extinction of dinosaurs occur
C. Cenozoic Era (recent-66mys). Contains the following three periods
1. Tertiary period (2-66mys). Mammals develop and become dominant.
2. Quaternary (recent -2mys). Dominancy of Man
1.5 The Fossil Record
· Fossils are mineralized or preserved remains or traces (such as foot prints) of animals, plants, and other organisms.
· The totality of fossils both discovered and undiscovered and their placement in fossiliferious (fossil containing) rock formations and sedimentary layers is known as the fossil record.
· The study of fossils across geological time, how they were formed and the evolutionary relationships between taxa are the functions of paleontology.
· Fossils vary in size from microscopic , such as single cells, to gigantic, such as dinosaurs
· A fossil normally preserves only a portion of organism usually the portion that was partially mineralized during life such as the bones and teeth of vertebrates or the chitinous exoskeletons of invertebrates.
· Fossils may also consist of the marks left behind by the organism while it was olive, such as the foot print or faeces or burrows (example: reptiles). These types of fossil are called trace fossils.
· The earliest fossils date from around 600 million year ago, however recent reports suggests that bacteria may have existed up to 3 billion years earlier. And the dinosaurs became extinct just 65 million years ago.
· Gradually, the chemicals in the shell undergo a series of changes.
· As the shell slowly decays, water infused with minerals passes through it, replacing the chemicals in the shell with rock-like minerals (calcite, iron or silca)
· This process is scientifically known as “permineralization".
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2. UNIT TWO VERTEBRATES
2.1 Definition
Vertebrates are animals that have vertebral column and a skull or cranium as the most important character. They share the big three characteristic (dorsal, hollow nerve chord, notochord and pharyngeal gill slits) with protochordates.
The term euchordates and craniata can be regarded equivalent to vertebrates.
The big five diagnostic vertebrate characteristics are 
· The presence of vertebral column
· The presence of skull or cranium
· Dorsal and hollow nerve chord
· Notochord
· Pharengial slits
General characteristics of vertebrates
1. Lower vertebrates are aquatic and higher are predominantly terrestrial
2. Body size ranges from medium to large, bilaterally symmetrical and metamerically segmented
3. Their body divided in to head, trunk and post-anal tail. Neck may also present especially in the terrestrial forms.
4. Trunk bears typically two pairs of joints, lateral appendages may be reduce or absent in some; serves for support locomotion and other special functions
5. Body covering or integument is stratified epithelium made of an outer epidermis and an inner dermis with mucus glands in aquatic species.
6. Skin covered by protective skeleton comprising scales, feathers hairs claws, horns etc.
7. Coelom is large, nearly always developed as a schizocoel, and largely filled with the visceral system.
8. Notochord stops short beneath the fore brain, invested by cartilage or bone or replaced by vertebral column.
9. A living, jointed endoskeleton of bone or cartilage or both include skull, vertebral column, girdle and limb bones.
10. Many muscles are attached to the endoskeleton to provide motion.  
11. Respiration by pairs of gills in lower aquatic forms and by lungs and in terrestrial forms. Pharyngeal gills are not more than 7 pairs in some cyclostomes.   
12. Digestion canal more or less large, liver muscles not tubular.
13. Blood vascular system closed. Heart ventral and muscular (2-4 chambers). Blood plasma contains WBC and RBC and the later contains respiratory pigment hemoglobin.
14. Excretion by paired kidneys, mesonephrida, or metanephrida, segmental or non segmental and discharging through duct in to cloaca or anal region (urethra).
15. Anterior end of dorsal nerve cord enlarged and differentiated in to a complex brain protected by the skull. The remaining nerve cords form the spinal cord surrounded and protected by vertebrae. 10-12 pairs of cranial nerves in the head. Except in cyclostomes the spinal nerve is formed by union of dorsal and ventral roots.
16. Special sense organs such as a pair of eyes and a pair of auditory organs.
17. An endocrine system of ductless glands scattered throughout the body regulates body process, growth and reproduction.
18. Sex separate, gonads paired and discharging sex cells (gametes) through ducts  
          opening to the anus.
19. Development direct in most and indirect in some (hag fish).
2.2 The first vertebrates-Agnatha
Agnathans are the first jawless vertebrates. According to the recent classification agnathans consists of: 1. Extinct class (ostracodermi) and
                   2. Extant classes or living members such as 
                           A. Hagfish (myxini) about 32 species
                           B. Lamprey (cephalaspidomorphi) about 41 sp
Formerly, hagfish and lamprey were grouped in class cyclostomes
General characteristics of lampreys and hagfish
· No jaw
· No paired appendages or fins (but pectoral spines or fins were present in extinct forms)
· No scales in their skin but extinct species had heavy scales and plates (bony armored)
· The cranium was ossified in some extinct species but in most case the deeper parts the skeleton are cartilaginous
· The embryonic notochord persist in the adult
· 7 pairs of gills in lamprey and 5 to16 paired gill in hagfish
· The brachial arches supporting the gill poaches lie close to the body surface
· A medium, light sensitive pineal eyes present in addition to paired eye
· The inner ear lacks a horizontal duct (having canal) with 2 semicircular canal
· A single median nostril located in front of  the pineal eye but some extinct groups had paired nostrils 
· Mouth is ventral
· Gonads are single and ductless 
· Feeding is by rasping the tissue on large preys

2.2.1 Ostracoderms
They were the oldest known vertebrates. They live in fresh water nearly 500 million years ago. They had no jaws, no paired fins (pectoral or pelvic). They had broad body plate on the head and front part of the trunk, and smaller plates (dermal plates). The body armor protects them from attackers through the skin.
Ostracoderms were the first vertebrates to possess a lateral line system (sense organ that used to detect movement and vibration in the surrounding water as well as inner ear with 2 semicircular canals). Most were minnow sized, Bottom dwellers, filter feeders. Some species had spines or love in the pectoral regions but these were not true fins, as they were no supported by bone or muscle. 
The two distinct groups of ostracoderms were 1. Osteostracans: were heavily armored with bone plates that form the head shield and smaller scales that cover the rest of the body.
2. Pteraspidomorphs: were characterized by the presence of paired nasal openings.
2.2.2 Cyclostomes (living agnathans): includes lampreys and hagfish
General characteristics:
· Body is elongated, cylindrical, eel shaped, etc….
· Their skin is smooth, soft, scale less, containing unicellular mucous glands
· Lack paired appendages (fins), median fins with cartilagenous fin rays and have diphycercal c tails.
· Trunk and tail muscle segmented in to myotomes (separated by myocomma)
· Have fibrous and cartilaginous endoskeleton, notochord persists throughout their life and imperfect neural arches over notochord represent rudimentary vertebrate.
· Are jawless and mouth is ventral, suctorial and circular; that is why the class name cyclostoma, tongues with horny teeth.
· Digestive system without stomach and intestine with a fold typhlosole.
· Have gills and 1or 5-16 pairs in lateral sack like spherical gill poaches of pharynx.
· Have two chambered heat (1 atrium and 1 ventricle). Heart consists of sinus venosus, atrium, ventricle but no truncus arterioles. Have many aortic arches in the gill region. Blood with WBC and nucleated circular RBC.
· Have variable body temperature (poikilothermic).
· Have two mesonephric kidneys with ducts to urogenital papillae. But kidneys lack the tubular capillary beds.
· Have dorsal nerve cords with differentiated brain but the brain has very small cerebral hemispheres and rudimentary (simple) cerebellum, have flattened spinal cord. Unlike other vertebrates the dorsal (sensory) and ventral (motor) roots of the spinal nerves arise alternatively instead of simultaneously and remains separate.
· Have a single olfactory sac and single median nostril, thus auditory organ is with 1 or 2 semicircular canals.
· Have a pair of eyes and light sensitive pineal eye, but it is degenerate in hagfish.
· Sex separate and united. Have single gonad without duct to the exterior. Gametes are shed in to the body cavity (coelom) and pass through pores in to the urogenital sinus from which they are shed.
· Fertilization is external.
· Development is direct or indirect with prolonged larvae stage.
Q, What is the difference between lamprey and hagfish?
2.3 Gnathostoms (jawed vertebrates)
It is believed that the jaws evolved from modification of the gill arch or visceral arches (structures that support and keep the gill from closing or collapsing). In most in the aquatic environment development of strong mobile was coincided (related with the evolution of jaws for swim 
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2.3.1 The origin of Jaw and Paired fins
Fins :The fins are the most distinctive features of  fish 
· Fins are membranous or webbed processes internally strengthened by radiating and the dermal fin rays.
· Fins occur singly near the head (the pectoral) and the second posterior to this (pelvic fins)
· A fin can contain only spiny rays, only soft rays, or a combination of both.
· If both are present, the spiny rays are always anterior
· Spines are generally stiff and sharp.
· Rays are generally soft, flexible, segmented, and may be branched.
· This segmentation of rays is the main difference that separates them from spines.
· Spines may be flexible in certain species but they will never be segmented.
Origin of paired fins
· Like any object traveling in three dimensional space, the body of fish is susceptible to deflections from its line of travel about its center of mass.
· Such conditions favored anybody projection ( pitch =up and down, roll=about its long axis or yaw= side to side) and led to the evolution of the first paired fins.
· The associated girdles stabilized the fins that serve as sites for muscle attachment and transmitted propulsive forces to the body.
· In gnathostome fishes, two fundamental types of fins developed from two different arrangements of the metapterygial stem or axis, a chain of endoskeletal basals.
· One fin type is the archipterygial fin, in which the metaptergial stem runs down the middle of the fins.
· Externally, the archipterygial fin looks leaf-shaped and narrowed at its base.
· The second basic fin type is the metapterygial fin, in which the metapterygial stem of basals are located posteriorly.
· These two fin types have influenced theoretical work on the origin of paired fins.
Types of fins 
There are different types of fins based on their position on the fish body.
		(i) Dorsal fins	     (iv) Pectoral fins
		(ii) Caudal fin	     (v) Pelvic or ventral fins
		(iii) Anal fin		     (vi) Adipose fin
					     (vii) Fin let 
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(i) Dorsal fins:  are located on the back
The dorsal fin serves to protect the fish against rolling and assist in sudden turns and stops. 
A fish can have up to 3 dorsal fins.
(ii) The Caudal fin: is the tail fin, located at the end of the caudal peduncle. 
Types of caudal fins 
There are 4 types of caudal fins; those are
· Hetrocercal
· Heterocercal tail has the vertebral column bent upwards in the posterior region so that the caudal fin is divided into a narrow long dorsal lobe and a broader short ventral lobe. It is typical of elasmobranchs (Scoliodon) and some lower bony fishes. The heterocercal tail made its appearance after the protocercal tail, and it gave rise to the next two types of tails. 
· Protocercal 
When the notochord extends straight to the tip of the tail and the caudal fin is divided equally then the tail is protocercal, as in embryonic fishes, adult cyclostomes, and some amphibians.
· Homocercal
· In homocercal tail, the terminal part of the vertebral column is bent upwards, but the dorsal lobe of the caudal fin is lost during development and the ventral lobe divides into two equal parts, so that the caudal fin appears symmetrical externally. This tail is common in bony fishes
· Diphycercal
· Diphycercal tail has lost the terminal upturned part of the vertebral column, and the vertebral column does not reach the end. Externally the tail has become symmetrical secondarily having two equal lobes of the caudal fin. It is found in Dipnoi, Polypterus and Latimeria
· Hypocercal tail has a larger lower lobe of the caudal fin into which the vertebral column is bent downwards. It is found in some primitive fishes and in extinct reptiles called ichthyosaurs.
2.3.2 Types of caudal fins or tails

Caudal fin is well developed in most fishes because it is an important contributor for forward propulsion during swimming. Caudal fins have different shapes in different groups correlated with their habitats, so that it is of great important in classification of fish.
There are three types of caudal fins. Those are Diphycercal, Hetrocercal and Homocercal.
1. Hetrocercal tail (fin):  The vertebrate column bends upward and making the fin more asymmetrical. It is the characteristics of bottom feeders with ventral mouth and without swim bladder e.g elasmobranches (Skates and Rays).
2. Homocercal tail: Is the advanced and the most common type. It is the characteristics of majority of higher bony fish. It is externally symmetrical but not internally. It is the characteristics of fish with terminal mouth and with swim bladder. E. g teleosts.
Types of homocercal fine
· Rounded- round at the end
· Truncated- end in more or less vertical edge (Example: Salmon) 
· Forked- end in two openings
· Emarginate- has a slight in word curve
· Luncate- shared like a crescent moon[image: http://fishanatomy.net/webpages/Facts/fins/pic/caudal.gif]
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3. Diphycercal tail: It is symmetrical externally and internally. Because the vertebral column extends straight and the tail divided in to two equal halves. E.g. Dipnoi and some actinoptergians, modern cyclostoms, primitive shark, hollocephalli (latimerias, many larval teleosts and deep sea fish.
III. Anal fin is located on the ventral surface behind the anus
IV Pectoral fins (paired) are located on each side usually just behind the operculum, and homologous to the forelimbs of tetrapods.
Used for the creation of the dynamic lifting force that assists. Example: shark in maintaining depths and enables the flight for flying fish.  They also used for waling in many fish.
 V. Adipose fin
· is soft fleshy fin found on the back behind the dorsal fin and just forward of the caudal fin.
· It is absent in many fish families, but is found in salmonidae, characins and catfishes.
Vi Pelvic or ventral fins are located ventrally posterior to the pectoral fins.
· located ventrally posterior to the pectoral fins.
Vii Fin lets are small fins, generally behind the dorsal and anal fins.
                       help balance the fish, keep it level, and prevent it from rolling from side to side. 

· For every fin, there are a number of fish species in which this particular fin has been lost during evolution 

Evolution of Jaw
· In agnathans, the mouth is neither defined nor supported by jaw instead, other structure (splanchnocranium) supports the roof of the pharynx and lateral pharyngeal slits lacking jaws, ostracoderms would have been restricted to small particulate food.
· Jaw appears first in acanthodian and placoderm fishes (that used them as food traps to grab whole prey to take bites from large prey).  It is the advent of jaw, these fishes become freer ranging predators of open waters?
· Furthermore, nerves and blood vessels are distribute in a pattern similar to branchial arches and jaw
· Jaws arise from one of the anterior power of gill arch
· Finally, the musculature of the jaws appears to be transformed and modified from branchal arch musculature 
· So, to conclude that branchial arches phylogenetically gave rise to jaws.
· As jaws get larger and stronger, incorporated elements of hyoid arch (hyomandibula) to brace suspend jaw 
Types of scales
In many vertebrates, exoskeleton covering of the body is made of two types of scales. These are epidermal and dermal scales. 
1. Epidermal scale; Are confide derivatives of the malpighian layer of epidermis. They are well developed in terrestrial vertebrates such as reptiles, birds and mammals.
2. Dermal scales: Are mesenchymal in origin and especially developed in fish. Are small, thin, confide, calcareous or bony plates, which fit closely together or overlap. Scales vary in size and shape in different species. There are five types of dermal scale.
1. Cosmoid scales: Do not occurred in living fish, are the characteristics of certain osracoderms and placoderms and extinct sarcoptergians.
2. Placoid scales: are the characteristics of elasmobranchians only. Placoid scales are closely set together in skin giving sandpaper like quality.
3. Ganoid scales (rhomboid): Are thick usually rhboid or dimond shaped. They are the characteristics of condrichians (polypteres, asipens and holostians. So that these fish are called gamoid fish.
4. Cycloid scale: Are thin flexible transparent plates, circular in outline, thiker in the center. These scale used to determine the age of the fish. Found in lung fish, some holosteans (Amia) and the lower teleosteans such as carp and cod.
5. Ctenoid scales: are the characteristics of modern higher teleosts such as perch, sunfish and flounders. It is a small and comb like.
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Types of jaw suspension: Four types of jaw suspension are recognized.
1. Autodistylic: The upper jaw connected to the skull by a ligament, hyoid arches remain free. It is the characteristics of acanthodians and other extinct fish.
2. Amphistylic: the upper jaw and the hymandibula attached to the cranium. The jaw articulate to the skull both directly and by way of the hymadibula. It occurs in earliest fish.
3. Hyistylic: hymandibula connects upper jaw with skull. It is common in living species (elasmobranchea and some bony fish).
4. Autostylic: The upper jaw directly connected to the skull without any connecting device, thus the lower part of the cranium is the jaw. It is more flexible to open and close and it occurs in teleosts, Dipnoan.
[image: Image result for autostylic jaw suspension pdf]
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2.3.3 The first gnatostoms (placoderms)
Placoderms were known as armored fish or pale skinned fish. 
They become extinct in Permian period. They combined the heavy boney armor of the osracoderm with powerful jaw and efficient fins. Bony armor is characterized by a bony skeleton. The bony flats were found over the head and anterior part of the trunk, while the rest of the body was naked. Jaws were found in all which originate from the first pair of gill bares (mandibular arch) in front of the first gill slits. Their jaws were immovable, bound to cranium or the rest of the head. They had no teeth of modern type. Paired fins in most were found.
3. Advanced Fish
3.1 Class chondrichthyes (cartilaginous fish)
It comprises about 8000 living species of cartilaginous fish, a much smaller and less divers assemblage than the bony fish. They contain two subclasses, subclass elasmobranches and subclass holocephala.
General characteristics of Class Chondrichthyes (Cartilaginous fish)
· Are mostly marine and predaceous (predators). 
· Their body is streamlined, fusiforn or spindle shaped and laterally compressed (shark), dorsoventeraly flattened (the transverse axis is shorter than the dorsoventral axis) or depressed (the transverse axis is longer than the dorsoventral axis) (skates and rays) 
· Body size varies from 1 meter (Dog fish, shark) to 17 meter (large sharks) 
· Skin in elasmobranches is rough (sand paper like), enveloped by placoid scales and has mucous gland. In adult chimeras, skin is naked. 
· They have both median (2 median dorsal) and paired (pectoral and pelvic) fins present supported by fin rays. Pelvic fines bear claspers in males (shark), enormous pectoral jointed to head and trunk in skates and rays and look like discs or wings in devil fish (mantas). Caudal fin heterocercal in sharks and whip like in chimaras and rays. 
· Their endoskeleton is entirely cartilage; notochord persists in adults between the adjacent vertebrae. Vertebrae complete and separate in most (absent in chimera). 
· Their alimentary canal consists of mouth, bucal cavity, pharynxes, esophagus, J shaped stomach (absent in chimera), intestine and rectum. 
· Heads form a snout (elasmobranches) In saw fish snout further extended to form a saw used in defense and offense. 
· Mouth is Ventral or sub terminal in most, terminal only in holocephala. 
· Most are carnivorous (predators) except whale sharks and basking sharks (filter feeder in zooplankton). 
· Their teeth modified from placoid scales in sharks the teeth is triangular and pointed for rasping and tearing flesh, in rays skates and chimera they modified for grinding plates, for crashing hard shelled mollusks and crustaceans. 
· Respiration by 5 or 7 pairs of gills in elasmobranches. Gill slits separate and uncovered or exposed. Operculum absent. Non respiratory opening or spiracle also present (connected with pharynxes). In chimera 4 pairs of gills covered with operculum. 
· They have no air bladder and no lung at all. 
· They have closed circulatory system with 2 chambered hearts with sinus venous and conus arterioles, several aortic arches, dorsal and ventral aortas. 
· Both hepatic and renal portal system present. 
· Blood with higher concentration of urea. 
· Opisthonephric kidney for excretion. Blood is iso-osmotic or slightly hyper osmotic to sea water, hence have problem of excess water, salt secreted by salt excretory rectal glands in most, others use salt excreting cells by gills. Excretion is ureotelic (excrete urea). Releasing a lot of urea in to blood which increases the osmotic pressure and prevent loss of excess water. As a result water enters to the body through diffusion. Intestine and urogenital ducts discharge in to a common cloaca that opens to the outside. But, cloaca is absent in chimera. 
· Brain with large olfactory lobe (small brain), cerebellum, 2 cerebral hemisphere, 2 optic lobes and medula oblongata.  They have 10 cranial pairs of nerves. Olfactory sacs do not open on to pharynxes, ear with three semicircular canals. Lateral line system is present. 
· Have separate sex, paired gonads and gonoducts open in to cloaca (separate urogenital opening in chimera). Fertilization is internal, oviparous or ovoviviparous. Eggs are large, yolky, development direct without metamorphosis. 
· Offensive and defensive mechanism in bottom duelers (skates and rays) with protective coloration to blend to the surrounding. Saw fish use its saw for defense, chimera and rays use sting rays which is whip like tail equipped with poison spins. Electric rays provided with electric organs located on the eyes and at the base of pectoral fins produce shocks of more than 220 volts. 
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Subclass Elasmobranchi (elasmo=plate, branchi=gills)
 Includes the following living orders
A. Order batoidae= skates and rays
B. Order selachi=shark
C. Order cladoselachi=primitive Paleozoic sharks
Subclass Holocephala. Includes Order chimerae=chimera (rat fish)


Some unique features of chondrichthyes
· Certain sharks are warm blooded. Heat generating in deep lying muscle is retained with the body instated on being lost through the gills.
·  In many sharks and rays, an electro receptive system is well developed. They locate their prey even when buried by detecting the minute amount of bioelectricity that emanated from any living body.
· In holocephala, mouth is terminal; the jaws bear large flat plates.
· Well developed notochord that persists in adult hence poorly developed or absent vertebrae. 
· Have a lateral line with open groove. 
· All are oviparous and lay a single egg at a time.
3.2 Class Osteichthyes (bony fish)
Class osteichthyes consists of two subclasses which are large assemblages of both marine and fresh water fish. These are 1. Actinopterygii 2. Sarcopterygii
General characteristics of Class Osteichthyes
· They comprise the true bony fish. They are the most familiar and most successful living groups of aquatic vertebrates. 50% of all vertebrates and 95% of all fish are bony fish. They inhabit all water bodies (fresh, brackish and marine). 
· They vary greatly in shape and proportions. They are spindle shaped, streamlined, Usually laterally compressed (the transverse axis is shorter than the dorsoventral axis). 
· They have both median and paired fins supported by fin rays of cartilage or bone. Tail is homocercal. Certain bony fish relay for locomotion more on their pectoral fines than their tail. 
· Skin with many mucous glands, and embedded dermal scale of 3 types (Ganoid, cycloid and ctenoid) which are fully overlapped by a delicate mucous epidermis. Some are without scale. 
· Their endoskeleton is bone but cartilage in sturgeons and some others. Notocord replaced by distal vertebrae but it may persist in some Pelvic girdle usually smaller and simpler or absent. Clasper absent. 
· Their mouth is terminal in most and subterminal in some. Jaws usually with teeth but some are toothless. Jaw suspension in most is hyostylic and in some lower fish autostylic. The teeth are palatal and pharyngeal type rather than being maxillary. Stomach may be J shaped and cloaca lacking but anus present. 
· Respiration is by pairs of gills supported by bony gill arches. The gill pouches open in to a common chamber covered by operculum on either side of the head. Air or swim bladder present with or without duct connected to the pharynx except in a few bottom dwelling species in which they have been secondary lost. The air bladder mainly serves in buoyant , but it is lung like in some (Dipnoi). 
· They have closed circulation in most single but double in dipnoi. It consists of venteraly located 2 chamber heart, sinus venosus and conus arterioles, but conus arterioles in some is reduced  and bears 1-2 valves, 4 pairs of aortic arches, blood contains oval nucleated RBC. Have variable body temperature (poiklotherms). 
· They excrete by mesonephric kidney. Excretion is ureotelic. They have a pair of urinary aperture (hole) to the outside. The body fluid of bony fish is hypotonic to sea water and requires active constant osmoregulation. In fresh water species , excess water is released as hypotonic urine, special salt absorbing cells on gills absorb salts; they also get salts from food. They do not retain urea like cartilaginous fish. In marine species excess salt is excreted by salt excreting cells on gill. Scares water is compensated by drinking sea water. 
·  They have brain with very small olfactory lobes, small cerebrum, and well developed optic lobe and cerebellum. They have 10 pairs of cranial nerves. 
· Their sense organ is with well developed lateral lines, internal ear with three semicircular canal, the nostrils are located on the snout, the olfactory sacs are paired  and may or may not open in to the mouth (bucal cavity).
· Sexes are separated (sex reversal in some), usually from male to female (protandrous), protogynous (female to male). Gonads paired, genital aperture present, fertilization external. Mostly they are oviparous, rarely ovoviviparous or viviparous (dog fish). Great quantity of egg is laid (up to 6 million per season by cod fish), certain species reduce predation by protective parental behavior. Development direct with rarely with metamorphosis. Anal fins modified in to copulatory organ in some viviparous with internal fertilization.
Classification of bony fish
A. Subclass actinoptergii: contains 1.super order chondrostei and order polypteri forms-polypterus (bichir) and order acipenseriforms-Acipenser (sturgeon), polyodon (paddle fish).
1. Super order Holostei: Order Amiiforms-Amia (bow fish), Order semionotiformes-epidosteus or lepisosteus.
2. Super order Teleosts (complet bone): have over 15 species, about 20,000 living species. It consistes the single largest group of living vertebrates.
B. Subclass Sarcoptergii (flesh fined fish). Contains the following orders Order crossopterygii-latimeria and Dipnoi-lung fish (epiceratodes, protopterus, lepidosiren).	

Living in water challenges and structural and functional adaptations of fishes
· Compared to terrestrial environments, life in water presents a number of challenges.
· Oxygen availability is much lower in water than on land, Partial pressure in water is about 1/20 what is on land.
· The diffusion rate of oxygen in water is about 1/300 of the rate in air
· Water has much higher viscosity than air. Thus, movement in water is energetically expensive.
· Water has high heat of conductivity. Therefore, thermoregulation in water is very difficult.
· Most aquatic vertebrates are poikilothermic, because of the energetic cost of regulation in water.
· Water limits the amount of light available. So aquatic organisms often have well developed sensory alternative to vision.
· Thus, in mastering the physical problems, fishes evolved a basic body plan and set of physiological strategies.
1. Locomotion in Water
Most fishes, such as trout or minnow, can swim maximum about 10 body lengths per second.
When these speeds are translated in to kilometers per/hour how it means that a 30cm trout can swim only about 11.4 km per hour. Swimming is the most economical form of animal locomotion; because aquatic animals are perfectly support by their medium and need expend little energy to overcome the force of gravity. They secrete of swimming lies in the way aquatic animals bend their bodies and fins to swim and in the friction-reducing properties of the body surface
Function of Neutral buoyancy and swim bladder in fish movement
All fishes are slightly heavier that water because their skeletons and other tissue contain heavy substance present only in trace amount in water. To keep from sinking, fish must always keep moving forward in the water. The asymmetrical (heterocercal) tail of a shark helps to sweep (push) to and from in the water. The broad head and flat pectoral fins acts as angled plane (to provide head life). Sharks aided in buoyancy by having very large livers containing a special fatly hydrocarbon called squalence which has a density of only 0.86). The liver thus acts like a large sack of buoyant that helps to compensate for the shark's heavy body. Floating aided in bony fishes by gas filled swim blood. Swim bladders are present in most oceanic (pelagic) bony fishes but absent in most bottom dweller (flounder and sculpins)
By adjusting the volume of gas in the swim bladder, a fish can achieve neutral buoyancy and remain suspended indefinitely at any depth is no muscular effect. Fishes adjust gas volume in the swim bladder in two ways:
A. The less specialized fishes (physostomous fish) (trout) have a pneumatic duct that connects the swim bladder to the esophagus. 
B. In more specialized teleosts (physoclistous fish) that gas originates in the blood and be secreted in to the swim bladder.
2. Respiration
The respiratory organ of fish (gill) is a highly vascularized evaginated pouch originating of the pharynx.
Generally, fish gills are composed of thin, branched gill filaments covered in thin epidermal membrane. The gills are located inside the pharyngeal cavity and covered on the outside in movable flap  (operculum) in bony fish. This arrangement protects the delicate gill filament, and provides a pumping system for moving water through the mouth, across the gills, and out from beneath the raised opercula flap. Instead of opercula flaps as in bony fishes, the elasmobranches have a series of gill slits out of w/h the water flows.
Unidirectional ventilation of water and blood permits counter current exchange. This maintains a favorable diffusion gradient across entire gill surface. It also maximizes the amount of oxygen that can be ' pulled' from the water moving across the gills. Elasmobranches can use two types of mechanisms for the production of unidirectional  ventilation. 
A. Ram ventilation:   It means swimming while the mouth open. It used by many species including some bony fishes.
B. Buccal pumping: fishes suck water in and force over the gills. By coordinating buccal and opercular pumping, bony fishes can maintain continuous flow of water across gills.
3. Circulation
The heart is two chambered (one atrium and one ventricle)
There are also other components: sinus venosus and conus arteriosus (bulbus arteriousus).
In the heart, blood passes forward through the sinus venosus atrium ventricle bulbus arteriousus. The heart in fish is a single circuit pump. That is only deoxygenated blood enters the heart and it is pumped to the gills then to the body without re-entering the heart. This means delivery to the gill is under relatively high pressure.
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4. Sensory modalities
Fishes have a variety of other well-developed senses in addition to vision.
I. Chemoreception: Is well developed and includes nasal olfactory organ (responsible for water soluble compounds) and test buds. Test buds may be distributed all over extension of the body and especially abundant on sucker, barbells that extend away from the body, providing distance and direction. Other general chemical sense receptors may be found all over the skin and respond to compounds that are only slightly soluble in water.
II. Lateral line organs of fishes
The lateral line system detects water displacement consists of sensory cells bearing ' hairs' This defects water displacement. 
Water displacement can be used to provide a variety of information
· Navigation via current detection 
· obstacle avoidance
· predator avoidance
· prey detection
III. Electroreception and Electric Discharge
All fishes with weak electric organs are very sensitive to applied fields and practice electro location. Strong fields are used for attack or defense but weak fields for electroreception or communication, especially in muddy rivers.
The electric produce a shock up to 500v by electro organ along the sides of the tail. These fishes swim by movement of the anal fins, the body musculature is converted to electric organ,
5. Osmoregulation and Excretion
For vertebrates, osmoregulation and excretion are closely linked. 
Excretion is a process of eliminating nitrogenous waste products. Organisms can be ammonotelic organisms that excrete waste as NH3, Urea telicorganisms that convert ammonia to urea (Primarily found in mammals and terrestrial amphibians) and Uricotelicorganisms that convert ammonia to uric acid. 
All vertebrates; except hagfishes, elasmobranches, coelacanths and some amphibians) are osmoregulatores. They maintain body fluids at constant osmotic levels through active physiological adjustments.
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Origins of tetra pods
Tetratpods are vertebrate animals having four feet, legs or leg-like appendages. 
Amphibians, reptiles, birds and mammals are tetra pods, even the limbless snakes and caecilians are tetra pods because they are descended from ancestors who had a full complement of limbs. The tetra pods arose during the Devonian period (370mya) from sarcopterygian fish (living members of which include the coelacanth, latimeria and the lung fish. 
Early tetra pods were (like early land plants) tied to the water by their reproductive mechanisms.
Like most "fish" they had external fertilization in water and laid eggs in water which developed in to aquatic larvae. The larvae metamorphosed in to land-living adults. Living ' amphibians' have inherited this primitive mode of reproduction. 
During the carboniferous period, one group of tetra pods (reptiles) developed the amniotic egg. (egg with a shell hardened by CaCO3 which is impermeable to water but allows gas exchange.) 
The amniotic egg is a major shared derived character for the taxa in the amniotes. The first tetra pods are thought to have evolved in shallow and swampy fresh water habits, towards the end of the Devonian. 
The earliest tetra pods were not terrestrial
The Modification involved in the transition from water to land
The transition from an aquatic lobe-finned fish to air-breathing amphibians was a momentous occasion in the evolutionary history of the vertebrates. 
For an animal to live in a gravity-neutral aqueous environment, required major different mechanisms for challenges to the overall body plan both in the form and function. 
The challenges of life on land are different from water, need to cope in gravity, land does not support as they move, dry out on land; this is particularly dangerous, because water is needed for many metabolic processes. 
Breathing is different in water than on land ( need of having lung). Animals that breathe out by lung need a more efficient than gills to take in air and extract oxygen.
Features that distinguish land -living animals from their fish ancestors are limbs in fingers and toes, necks, backbone in bony connections between vertebrae, a bony inner ear, a large scapula, ribs, paired nose e.t c. 
Adaptation of vertebrates to transition to land includes
1. Lungs: 
As out growths from the pharynx; double circulation has been developed.
2. Appearance of limbs: 
Because, air has less resistance and viscosity than water; hence less support, then tetra pod pentadctyle limbs evolved. Sarcoptergians (Ex. Lung fish) have strong fins used as paddles that lever (support) them on land.    
3. Protective structures: 
Skin, air absorbs less wavelength from the radiation than water for protection against UV radiation. The skin provides protective materials such as melanin, Keratin, fur, hair, feather, scale, nail etc. 
4. Muscular tongue and saliva, used for ingestion and manipulation of food in the mouth. 
5. Modification of hearing apparatus to enable efficient transmission of sound waves into the inner ear from the middle ear (3 pieces of bones or ear ossicles such as Hammer, Anvil and Stirrup and outer ear (pinna).
6. Physiological adaptations (aestivation, hibernation and homothermy and sweating), behavioral (bathing and panting) and morphological for mechanisms of temperature regulation.
7. Develop water conservation mechanism; as water is scarce on land; releasing concentrated urine; efficient kidney for filtration and reabsorbing. 
8. Amniotic eggs and sperm on land (Eggs with shells, internal fertilization and suppressed free larval stages) were required.
Characteristics of Amphibians
· Habitat both aquatic and terrestrial, but strictly non-marine. 
· Body form varies; some are worm like without limbs and girdles, Caecilians (Apoda). Some have head, trunk and tail; weak limbs and poorly developed (Salamander or Urodela).  Some have short, compact, or no definite neck region and no tail (Toads and Frogs or Anura). 
· Limbs usually 2 pairs (tetrapods), some limbless. Toes 4-5 (pentadactyle) or less. Paired fins absent. Median fins if present, without fin rays. 
· Endoskeleton mostly bony.  Notochord does not persist, skull with 2 occipital condyles. Limbs supported by strong girdles. These characteristics are crucial to raise the head during locomotion specially frogs). 
· Their skin is soft, moist and glandular. 
· Have pigment cells (Chromatophores) which protect the body from UV radiation and give attraction coloration for sex, camouflage and defense. 
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· Exoskeleton absent, digits are clawless and some with dermal scales. But no scales in modern forms; however, in Caecilians, dermal scales hidden in the groves of the skin. Small pointed Horney claws on digits in Urodela (Xenopus).  
· The thin and moist epidermis is keratinized (water insoluble protein), and this provides protection against water loss and abrasion. Numerous mucous glands secret mucous for protection and keep the skin moist for respiration. Dermis also contains poison glands that secret noxious poisons for protection from predators. 
· Sense organs. Many changes had taken place in amphibians compared to fish:- Lateral line system confined to the larval stage and some aquatic adults; electroreception in some caecilians only. Nostrils connected to buccal cavity. Eyes with tear glands and eyelids, but absent or degenerate in burrowing cave or dueling forms. Ears located high on the skull. Air born sound waves received by the tympanic membrane middle ear with a single rod like auditory ossicle (columela), oval window, then to inner ear. No tympanic membrane in salamander and mating call absent, but frogs detect mating call. 
· Nervous system with poorly developed brain; 10 pairs of cranial nerves like fish. 
· Have generally low metabolism, hence they consume less amount of food and oxygen. 
· They are ectothermic (variable body temperature). Temperate species exhibit hibernation under very cold and frosty conditions, while tropical species enter aestivation to avoid intense heat and dry condition. 
· Feeding, some are carnivorous on insects, worms, slugs, snails, spiders, etc; others herbivorous such as anurans and urodelas; and also cannibalism, such as tadpoles of the same or different species. 
· In general, their mouth is large with upper or both jaws having small homodont teeth; tongue often protrucible; alimentary canal terminates into cloaca.  
· Tongue absent in pipa and xenopus. 
· Buccal and pharyngeal glands secret mucus for lubrication of food. 
· Pancreas and gastric glands secret enzymes including chitinase to digest chitin material   of arthropods. 
· Their small intestine is without valve and have large intestine. 
· Respiration in larval stage is by gills, in adults is by lung, buccopharyngeal (pharynx and mouth) and cutaneous (thin moist and vascularized skin). 
· Have closed and double circulation with three chambered heart (two atria and one ventricle) plus sinus venous and conus arteriosus. Lymphatic system present (fluids from tissue), aortic arches 1-3 pairs, renal portal system well developed. RBCs are large, oval and nucleated. 
· Osmoregulation (excretion and water balance) by mesonephric kidneys that include large urinary bladder and it absorbs water. Urinary duct open into cloaca. Excretion generally varies. Which means, 
      In aquatic and larval forms, as ammonia as do fish. 
    In terrestrial adults, as urea (ureotelic). 
    Tree duelers (tree frogs) conserve water by excreting 80% of their nitrogen as uric acid
· Have separate sex; males without copulatory organ, and gonoducts open into cloaca. 
· Fertilization is entirely external, except in some urodela; where the sperm is collected in spermatophores and deposited in the female cloaca. 
· Females mostly oviparous (lay eggs) in most terrestrial habitats or go back to water for reproduction. Some urodelas and apodas are ovoviviparous. 
· Development indirect. No extra embryonic membrane. Larva is a tadpole that metamorphosis into adult. Urodelas display neotony (no metamorphosis).
Classification of Amphibians
Amphibians have two sub-classes. Those are:-
A. Subclass Stegocephali (extinct 
                           [image: http://upload.wikimedia.org/wikipedia/commons/f/fb/Pederpes22small.jpg]
B. Subclass Lissamphibia (modern amphibians)
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Caecilian (Apoda)	             Salamander (Urodela)                 Toads and frogs(Anura
1. Subclass Stegocephali (extinct) 
Limbs are pentadactyle (five digits) , Skin covered by scales and bony plates.  Skull with a solid bony roof which posses two pairs of opening for eyes and nostril.  They were found between Permian to Triassic period of geological time scale. This sub-class is further grouped into three orders.
I. Order Labyrithodontia
The most primitive and oldest known tetrapods. Are stem Amphibia and live in both water and lands.  Shows characteristic of Crocodiles and Salamander. Skull completely roofed by bones.  Much bony elements present in their skulls than the modern amphibian. Enlarged teeth found in both the jaws. Definite similar to their crossopterygian ancestors. They lived from Lower Carboniferous era to the Triassic periods. Example: - Eryops, Ecogyrinus, Palaeogyrinus, Cyclotosaurus. 
II. Order Phyllospodyli
Have Small salamander like body, Head large and flat, Vertebrae tubular. Notochord and spinal cord housed in same cavity. Pubis cartilaginous, Four finger in limbs with five toes, Coracoids cartilaginous.Skull roof posses separate Quadratojugal and Lacrimal process. Lived during carboniferous to Permian period. Considered as the ancestors of modern Salientia  and Urodela. Examples:- Branchiosaurus (Ichthyostega).
III. Order Lepospondyli   
Small salamander like or eel like. Vertebrae cylindrical, each made up of single piece. Neural arch and Centrum continuous.  Ribs articulating intervertebrally. Regarded as the ancestors to modern Gymnophiona. Lived between Carboniferous to Permian period. Example: - Diplocaulus and  Lysorophus.
2. Lissamphibia (Modern Amphibiyans) 
They lack dermal bony skeleton which was common in their relatives. Their teeth are small and very simple. It consists of about 2200 species. It has three orders.
1. Order Anura (without tail)
Characteristics of order Anura
· Skull made lighter and flat; the eye socket (orbit) become large that allow the eye to be retracted. 
· Ribs are absent or reduced, Well developed sternum and limb girdles and Vertebral column very small and 5-9 fused vertebrae. 
· Hind legs long and enlarged for jumping and swimming; also have well developed musculature. Hind toes more or less webbed except in tree frogs. Fused head and trunk; only single neck vertebrae.
·  Adults breath by lung supplemented by buccopharyngeal and moist skin. 
· Have movable eyes with well developed eyelids; nostril on top of the heads.
They are the first truly vocal vertebrates (sound produced by vibration of laryngeal vocal cords and amplified by throat pouches). In tree frogs; they inflate like balloons during singing.
Their skin is scale less; mandible toothless. Some have venom glands on skin, which are irritating on contact, but fatal if swallowed or introduced to blood. Those with these glands often have brilliant skin pigmentation serving as warning coloration.
2. Order Caudata (Urodela)
General Characteristics 
· They are lizard like tailed amphibians. 
· They found largely temperate (basically animals of the northern hemisphere). 
· They have poorly developed sternum and limbs (2 pairs, usually weak). 
· Limbs are short and equal sized, limb girdles largely cartilaginous. Some aquatic species are eel-like with vestigial limbs. 
· Their skin devoid of scale and tympanum. 
· Gills permanent or lost in an adult. Some are neotenic that retain larval gills and flattened tails throughout life. 
· Gills permanent or lost in an adult. Some are neotenic that retain larval gills and flattened tails throughout life. 
· Males without copulatory organ; reproductive behavior varies. Example: Neuts return to water to breed and female picks up with her cloaca licks a spermatophore and deposit on the bottom. Others are oviparous. 
· Larvae are aquatic inhabitants, adult like and with teeth
3. Order Apoda (Caecilians)	
General characteristics
· Have internal fertilization with protrusible copulatory organ from the cloaca. 
· Many species are viviparous, but oviparous species lay eggs and remain coiled until the eggs hatching. Some complete their larval stage in the eggs or undergo direct development.
Origin of the amniotic eggs and its structures
Amniotes include animals such as reptiles, birds and mammals. Perhaps the most important adaptations of reptiles to live on land is the type of eggs they produce. Unlike amphibian eggs, which almost always need to develop in water, reptilian eggs are surrounded by a shell and several membranes that together create a protective environment in which the embryo can develop. Those eggs named amniotic eggs for one of those membranes. Reptilian egg consists of the following parts:-
A. Shell: Leathery (calcareous) that prevents desiccation, physical and chemical shock; that is porous allowing gas exchange.
B. Shell membrane:
C. Extra embryonic membranes: they are different types such as
        Chorion: lies just below the eggshell; is involved in gas exchange and excretion. 
Allantois: saclike outgrowth from the hindgut of the embryo. It expands as the embryo develops until it comes in contact with the chorion on all sides and develops a rich supply of blood vessels. The chorio-allantoic membrane is highly vascularized and connected to embryonic circulation; it serves as a provisional lung across which oxygen and CO2 readily diffuse.
Amnion: the membrane immediately enclosing the embryo; provides an aqueous environment (amniotic fluid) in which the embryo floats. It prevents desiccation and acts as a shock absorber.
D. Yolk Sac: encloses yolk, which provides food and nutrients for developing embryo.
E. Embryo the one that can grow to an individual
F. Albumin: The white part of the egg which is protein
[image: The amniotic egg]
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2. Class Reptilia (First Amniotes)
Herpetology is the study of reptiles and Amphibian. Evolution of the amniotic egg expanded the success of vertebrates on land. The evolution of amniotes from an amphibian ancestor involved many adaptations for terrestrial living. What are these adaptations?
General characteristics of reptiles
· They are predominantly terrestrial, creeping or burrowing and they are mostly carnivorous. 
· Body varied in shape, covered with horny epidermal scales, sometimes with dermal plates. Integument with very few glands (devoid of glands). 
·  Head, neck, trunk and tail are the four regions of their body. 
· Paired limbs, usually with five toes and claws that adapted for climbing, running or paddling; limbs absent in snakes and some lizards. 
· Skeleton well ossified; ribs with sternum except in snakes, forming a complete thoracic basket; skull with single occipital condoyle (monocondylar) and Respiration by lungs. 
· Have three-chambered heart, except crocodiles which have four-chambered heart. 
· Have metanephric kidney and uric acid is the main nitrogenous waste. 
· Are ectothermic animals (body temperature depends on external environment). 
· Nervous system with primitive brain, spinal cord dominant and have 12 pairs of cranial nerves.  
· Sexes separate; fertilization internal (mostly they are oviparous), hemipenis is a muscular copulatory organ. 
· Eggs covered with calcareous or leathery shells (the first amniotes). Extra embryonic membranes, amnion, chorion, and allantois are present during embryonic life. 
· Their mouth is terminal, jaws bear simple conical teeth. In turtles, teeth are replaced by horny beak. 
· Alimentary canal terminates into a cloacae aperture. 
· Respiration by lungs throughout life. No gills, cloaca used for respiration by some. 
· Lateral line system absent. 
· Jacobson’s organs present in the roof of the mouth. 
· Large yolky meroblastic eggs (incomplete division of yolk rich eggs) always laid on land. 
· No metamorphosis (young resembles adult). Parental care usually absent.
Evolution of Reptiles
Reptiles were far more widespread, numerous and diverse during the Mesozoic era than they are today. The oldest reptilian fossils were found in rocks; dating to the late Carboniferous period. Their ancestor was among the Devonian amphibians. The first major reptilian radiation occurred by the down of the Permian period giving rise to the three groups, Synapsida, Anapsida and Diapsida. 
The second great reptilian radiation was during the late Triassic period and two groups of reptiles arose
1. Dinosaurs, which lived on land and 
2. Pterosaurs (flying reptiles). 
 These groups were the dominant vertebrates on earth for millions of years. At the end of the Cretaceous, the Dinosaur became extinct. But the three subclasses with living members are:
1. Subclass Anapsida, which has Order Chelonia (Turtle and Tortoises)
2. Subclass Lepidosauria(diapsda), which has Order Squamata (Lizard and Snakes)
           3. Subclass Archosauria, which has Order Crocodila (Crocodile and Aligator) and 
                Order Rhaynchocephalia (Tautara of Newzealand).
[image: Reptilian skull types.]



Classification of Reptiles
1. Order Chelonia   
About 400 species of marine turtles, fresh water terrapins (turtles) and terrestrial tortoises are known. They are the only Anapsids present today. 
Characteristics:
· Their body is short, broad and oval and enclosed in a firm shell, consisting of dermal bony plate and connected by rigid lateral bridges. 
· Limbs are with claws or webbed and paddle like used for carrying the unusual body weight. 
· Have a long, flexible neck that facilitates feeding and to compensate the inflexible trunk. Their skull is with a single nasal opening. They lack teeth; jaws with horny sheaths, plates or beaklike. They lack sternum. 
· They have cloacae aperture; a longitudinal slit.  
· They have 4-chambered incompletely separated heart with partially divided ventricle. 
· Sensory structures have evolved, tympanic ear plus middle and inner ear, but sound reception is poor; hence they are mute. Poor hearing is compensated by good sense of smell, acute vision and color perception. 
· Turtles are oviparous with internal fertilization. All bury their eggs in a nest in the ground. Their copulatory organ is single and simple. Turtles inhabit in marine water and tortoises in terrestrial. Most tortoises are slow moving; their slow metabolism probably explains their longevity, some are believed to live for over 150 years.
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2. Order Squamata
Characteristics 	 
It is the most diverse group making up to 95% of all known reptiles. 
· They are advanced, body small to medium and elongated. 
· Limbs have claws, but totally limbs absent in snakes and some lizards. 
· Have exoskeleton of horny epidermal scales, shields and spines. Skull diapsid, which is quadrate and movable. 
· Ribs are single headed; only attached with the vertebral column. 
· Teeth acrodent or pluerodent. 
· Have 4-chambered incompletely septated heart. 
· Cloaca present. 
· Male with eversible double copulatory organs.
Q. What are the difference between snakes and lizards?
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     Lizards                                                                                   Snakes
4. Order Crocodila
Characteristics 
· Body long, cylindrical and depressed, head elongated into a snout with nostrils. 
· Have a massive laterally compressed tail, which is a powerful swimming appendage. 
·  Short, but strong pentaductyle limbs, which are clawed and webbed. 
· Skin thicker and leathery with horny scutes found on back and belly, which are rectangular and supported by dermal plates; 
· Tail bears a crust of broad plates and have cloaca. 
· Have two pairs of musk glands; one in throat and the other in cloaca. (Musk is strong smelling secretions used for perfume production). 
· They are well developed in aquatic life. 
·  All are predators with strong jaws and sharp teeth. 
· The length and shape of snout varies with their diet.
2. Class Aves (Birds)
Ornithology is the study of birds. Birds are numerous, diverse and easily observable in the field. There are about 9000 species of birds. Birds in Latin “Aves” in Greek ‘Ornis”.
Feathers distinguish birds from other vertebrates and provide insulation, waterproofing, and a smooth body surface that reduce friction for flight.
General characteristic
· They are adapted for aquatic, terrestrial and aerial life. 
· Body is covered with feather for means of insulation and flight. 
·  Limbs are two pairs, but the anterior limb is modified into wings for flight. The shape and size of wings are directly related to the type of flying a bird does. 
· Wings are curved convex on top and concave underneath to assist with lift. The posterior limbs are adapted for walking, swimming, perching and resting with 4 toes. Number of toes is reduced. 
· The lower part of the leg is shank (sheathed with highly cornfield scales). The thumb is vestigial. 
· Skeleton is with many bones fused to provide rigidity. 
· Mouth has a projective beak (bill), which is a hard tooth like structure. No teeth totally. 
· Skull with only one occipital condyle.
· Neck usually long and flexible, which is adapted for feeding and for keen observation. 
·  Sternum is enlarged. 
· The number of tail vertebrae is very few and jaws are elongated.

	


[image: http://upload.wikimedia.org/wikipedia/commons/e/e6/Anatomy_and_physiology_of_animals_Birds_skeleton.jpg]
General characteristic
· They have well developed eye for keen observation. 
· The life of the bird is mainly dependent on eyes. 
·  Their eyes are- better than any other sense organs. 
· Their ear is used for hearing and balance, but weak. 
· Skin receptors detect heat, temperature, touch, pressure, etc 
· Have excellent vision and color perception. 
· Eyes have acute resolution  and located on the side of the head. 
· Each eye can focus independently so birds can either see binocular, when looking straight ahead or monocular by looking at two different images at the same time. 
· Binocular vision allows birds to judge distances, while monocular vision gives them a wide field of view. 
· Have sensitive hearing, especially nocturnal birds, but generally poor smell and taste. 
· Heart 4-chambered, and completely septated  and have efficient circulation. 
· RBC is nucleated, oval and convex. 
·  Respiration by lung (very compacted and connected with other lung like structure (air sacs) with a thin wall. 
·  Voice box connected with their respiratory apparatus called syrinx. 
·  Have 12 pairs of cranial nerves. 
·  Excretion is by metanephric kidney. 
· They excrete uric acid. 
·  They do not store their waste product for long time, rather immediately remove their waste. 
· Their urine is semisolid. 
· Only Rheas and Ostriches have urinary bladder 
· They are homeothermic 
· Fertilization is internal, but development is external(oviparous, no viviparous) 
·  Females with one single ovary and oviduct and have cloaca. 
· Parental care is to maximum. 
· Are insectivorous, grainivorous, nectarivorous, piscivorous, frugivorous, etc. 
· Their body is more or less spindle shaped and divided into head, neck trunk and tail. 
· Their skin is dry, devoid of glands except the oil or preen gland at the root of the tail. 
· Pectoral muscles of flight are well developed. 
·  Their cranium is large and dome-like, sutures indistinct. 
·  Lower jaw or mandible consists of 5 to 6 bones and articulates with quadrates. 
·  Larynx without vocal cord. A sound box syrinx, which produce voice found at or near the junction of trachea and bronchi. 
· Sexual dimorphism often well developed. Males have a pair of abdominal testes and a pair of sperm ducts. 
· Copulatory organ is absent except in Ducks, Geese and Ratites. 
· Newly hatched young’s are immature, naked. 
· They outnumber all other vertebrates except fish. 
· The smallest bird is the ‘Humming bird of Cuba” and the largest is ostrich
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The main changes leading to the superiority of birds over reptiles
The main changes leading to the superiority of birds over reptiles
Kidneys with U-shaped Henley’s tube usually for increased reabsorbing.
Brain proportionally larger with well developed cerebrum and cerebellum.
 Colored eyes.
They possess high levels of intelligence and behavior practically unknown in reptiles such as parental care and extreme emotion in preparation of nests. Periodic migration
Function of song in birds
Birds use their calls to attract mates, defend their territory, signal alarm, or announce a food source. Young birds call to stimulate their parents to feed them. 
Birds’ songs are basically related to reproductive activities in one way or another. 
Its functions are:
1. To Proclaim sex (induce another bird to reveal its sex)
2. To attract a mate
3. To establish a territory
4. To Stimulate and synchronize courtship behavior
5. To Maintain pair bond
6.  To Signal changes in domestic duties
7.  To Identify individuals (young’s with their parents)
8. To  Species identification
9. To Hold flock together
10.  To Intimidate enemies 
11. To make perfect songs through practice
12.  For enjoyment
Major orders of Birds
There are about 16 major orders of birds. Those are:
1.Order Passeriformes: also called passerine or perching bird. The dominant avian group on Earth today. Are true perching birds, with four toes, three directed forward and one backward. Now occur in abundance on all continents except Antarctica and on most oceanic islands. Example Crows and Sparrows. 
2. Order Apodiformes
Bird having long wings and weak feet; spends much of its time in flight. 
They are fast fliers with rapid wing beat and have very short legs and small bodies. 
it includes Humming bird and Swifts
3. Order Piciformes (arboreal birds): It includes Honey guide, Wood peckers
4. Order Psittasiformes: it includes Parrot
5. Order Charadrriformes: it includes Sand pipers, Plovers
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6. Order Columbiformes: it includes Doves, Pigeons
           Have perching feet
           Have rounded and stout body
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7. Order Falconiformes: it includes Eagles, Hawks, and Vultures
          They prey on birds (carnivorous)
          Keen Vision
          Sharp pointed beaks for tearing fleshy
8. Order Galliformes: it includes Chickens, Grouse
          They are game birds
          Often limited flying ability
          Rounded bodies
9. Order Gruciformes: it includes Bitterns, Rails


10. Order Anseriformes: it includes Ducks, Geese
           They are water fowl
           Have webbed toes
           Broad bill with filtering ridges
11. Order Ciconiiformes: it includes Herons, Storks
12. Order Strigiformes: it includes Owls, Screech owls
13. Order Proceellariiformes: it includes Albatrosses
14. Order Sphensciformes: it includes Emperior Penguins, Crested Penguins
          They are marine duelers
          Have modified wings for swimming
          Flightless
          Found only in southern hemisphere
          Have thick coat of insulating feather
15. Order Dinornithiformes: it includes Kiwi
          Flightless
          Small in size
          Confined to New Zealand
16. Order Struthioniformes: it include Ostrich
          Have powerful running legs
          Flightless
          Have only two toes
         Are very large

3. CLASS MAMMALIA
Class mammalian is the most biologically differentiated group occupying almost every environment on earth that supports life. Size varies from the Hognozed Bat (1.5g) to Whales, some of which exceeds 100 tones.
General Mammalian Characteristics   
· Possess hair which is made of keratin. The evolution of mammalian keratin is believed to be independent of reptilian keratin. Hair provides insulation. Have many glands (sweat, scent, sebaceous and mammary) of epidermal origin.
· Endothermic and homeothermic. The majority of the heat energy is used to maintain their high body temperature.
· 4 chambered heart. 
· Mammary glands are used to produce milk to nourish their young. Female glands are the only functional glands. 
· The diaphragm is a muscle that separates the thoracic cavity from the abdominal cavity. Diaphragm assists drawing air into or out of the lungs. Respiratory system using lung.
· 7 cervical vertebrae (neck bones) are present in most mammals. 
· Most are viviparous though some are oviparous. An extended gestation period (uterine development) is common in most placental mammals. 
· Teeth are imbedded in the jaw bone and come in a variety of forms.
· Comparatively larger and well developed brain. Have 12 pairs of cranial nerves.
· Mammals developed from the therapsid ancestors during the Triassic period. 
· Circulatory system is with 4-chambered heart having tricuspid and bicuspid valve. Have biconcave non nucleated RBC.
· Mouth with diphydont teeth (two sets of teeth, which are milk teeth and permanent teeth). Teeth in most heterodont (varying in shape and function).
· Have movable eyelids and fleshy external ears (pina).
· Have 4 limbs (reduced or absent in some) adapted for many forms of locomotion.
· Skull with 2 occipital condyles; fewer bones and a secondary bony plate separating the nasal passage from the mouth. 
· Middle ear with three ossicles.
· Have separate sex. Sex is determined by males (heterogametic). Males have penis, testes (usually in a scrotum), and females have ovaries, oviduct and vagina. Fertilization is internal
Feeding specialization is exhibited in type of teeth, jaws, tongue and alimentary canal. There are three basic feeding specializations. Those are:
· Herbivorous, which includes browsers (feed on leaves) and grazers (feed on grass).
· Carnivorous, which feed on fleshy of animals.
· Omnivorous, which feed on both plant and animals.

Dentition is arrangement of teeth in a vertebrate. It is important for taxonomic work, to determine the approximate age of a mammal, and as a clue to a diet of a mammal. It also helps in deciding the ancestry of certain mammals.
Teeth can be classified in various ways. Some of the ways are:
· Shape: based on this, they are two types. Those are: 
          Homodont (isodont): In some mammals, teeth become secondarily homodont. Example: Toothed whales, Dolphins and Armadelo.
          Heterodont: Having several types of teeth such as incisors, canines, premolars and molars.
· Attachment of teeth at their base with the jaw: They are:
          Acrodont: attached to the free surface of the jaw bone.
          Pleurodont: attached to the inner surface or side of the jaw bone.
          Thecodont: teeth with well developed roots implanted in deep individual sockets called alveoli or theca in the jaw bone.
       Succession of teeth: They are:
                             Polyphyodont: can be replaced an indefinite number of times during life.
                             Diphiodont: in most mammals teeth develop during life in two successive sets. 
But in Guinea pigs, Bats and others; milk set are formed and shed before birth.
          Monophyodont: only one set develops in Platypus, Marsupials and Moles.
The number of teeth varies with different species, but it is characteristics for a species. It is represented by a dental formula.
Examples: Horse, Pigs and moles have 3 1 4 3    = 44
                                                               3 1 4 3
Human being has 2 1 2 3   = 32
                             2 1 2 3
The main characteristics for the classification forming the basis in to orders are mentioned as this follows:
1. Mode of carrying for their young
2. Nature of dentition
3. Foot posture
4. Nails, claws and hoofs
5. Complexity of nervous system, and
6. Systematic


Major Groups of Mammals
There are 19 orders of mammals in the world. They are first divided into two subclasses such as Prototheria and Theria.
Subclass Prototheria
They are primitive, reptile-like, oviparous (egg laying mammals). It has only one order.

Order Monotremes. Characterized by the duckbilled platypus and the spiny anteaters, lay eggs and maintain some reptilian characteristics. They do not contain true mammary glands, but produce a fatty sweat (milk) from glands in the skin. The milk collects and drips down tufts of hair into the offspring's mouth. They have cloacal opening. They are found in Australia and New Guinea. 

Subclass Theria
They are modern or typical viviparous mammals that give birth to living young. Theria are subdivided into two living infraclasses. Those are:

Infraclass Metatheria
They are pouched and viviparous mammals without or with a rudimentary yolk sac placenta. They confined mostly to Australian region. It includes only one order.

Order Marsupials. These mammals contain a pouch (marsupium). They born a very immature state and complete their development attached to nipples in the abdominal pouch or marsupium. They have usually three premolars and four molars in each jaw on either side. They have double vagina.

Opossums, Koalas, kangaroos, and other examples live in Australia as a result of the break up of the super continent Pangea. 

Infraclass Eutheria

They are higher viviparous placental mammals without marsupium. Young’s borne in a relatively advanced stage. Dentition never exceeds 44. These mammals are the most abundant and diverse of the class. The placenta, a reproductive structure, is housed in the uterus of the female. Here the offspring receives all that it needs to develop into a fully developed organism. This period of development (gestation) varies with the species of mammal. Whales gestate for 2 years, while a mouse develops in 21 days.

N.B: The general characteristics of mammals, in fact represent the characteristics typically of the infraclass eutheria. Eutherians constitute the vast majority of living mammals arranged in 16 orders. Those are:
Hair
Hair is one of the characteristics of a mammal that is unique to mammals—no other animals have true hair and all mammals have hair covering at least part of their body at some time during their life. An individual hair consists of a rod of cells that are reinforced by a protein known as keratin. Hair grows from skin cells called follicles. Hair can take on several different forms including thick fur, long whiskers, defensive quills or fearsome horns. Hair serves a variety of functions for mammals. It provides insulation, protects the skin, serves as camouflage and provides sensory feedback.
Some mammals have thick coats of fur that consist of two layers, a soft underfur and a coarse protective outer fur. Sea otters, for example, have this type of two-layered fur. In fact, sea otters have one the thicket coats of fur of all mammals, with more than 100,000 individual hairs per square centimeter. Since sea otters lack a layer of insulating blubber, they must compensate by having fur with superior insulation power. Cetaceans, in contrast, have a thick layer of insulating blubber and therefore have lost most of their hair over the course of their evolution. Some whales only have hair during their early development, while others retain sparse patches of hair on their chin or upper lip.
Mammary Glands
Mammals nurse their young with milk produced by mammary glands. Mammary glands, like hair, are a uniquely mammalian trait. Though present in both males and females, in most mammal species mammary glands only fully develop in females. The exception to this rule is the male Dayak fruit bat, which has mammary glands that produce milk to feed its young. 
Mammary glands are modified and enlarged sweat glands that consist of ducts and glandular tissues that secrete milk through nipples. Young mammals obtain milk from their mother by feeding from her nipples. The milk provides the young with much needed protein, sugars, fat, vitamins and salts.

Lower Jaw Made of a Single Bone
Mammals differ from other vertebrates such as reptiles, birds and amphibians in that they have a single lower jaw bone that attaches directly to the skull. This bone is referred to as the dentary, due to the fact that it holds the teeth of the lower jaw. In other vertebrates, the dentary is one of several bones in the lower jaw and does not attach directly to the skull.
The structure of the lower jaw and the muscles that control it provides mammals with a powerful bite and enables them to use their teeth to cut and chew their prey. Mammal species have specialized teeth adapted to their particular diet. Cats, for example, have sharp teeth that enable them to tear meat while herbivores such as bison have broad teeth, well-suited for grinding plant material.
Diphyodonty
Diphyodonty is a pattern of tooth replacement in animals in which the teeth are replaced only once throughout the lifetime. Young mammals have a set of teeth that are smaller and weaker than their adult teeth. This first set of teeth, also known as the deciduous teeth, fall out and are later replaced by a set of larger, permanent teeth.
Polyphydonty, in contrast to diphyodonty, is a term used to describe the pattern of tooth replacement in which teeth are continuously replaced throughout the lifetime of an animal. Toothed fishes, reptiles and many other non-mammalian vertebrates are polyphydonts.
Three Middle Ear Bones
Mammals have a unique arrangement of three bones in the middle ear. These bones are e malleus, incus, and stapes, commonly referred to as the hammer, anvil and stirrup; are unique to mammals, no other animal group has them. The middle ear bones transmit sound vibrations from the tympanic membrane or eardrum to the inner ear and transform them into neural impulses. 
Endothermy
Mammals are endothermic which means they are capable of regulating their own body temperature so that it remains at a relatively constant temperature regardless of the temperature of the surrounding environment.
Diaphragm
The diaphragm is a layer of muscle located at the base of the ribcage that separates the thoracic cavity from the abdominal cavity in mammals. Mammals are not the only vertebrates to possess a diaphragm, amphibians and reptiles also have diaphragms or diaphragm-like structures. It should be noted that the anatomy of the diaphragm and its position vary among the different classes of vertebrates.
Four-Chambered Heart
Like all vertebrates (and even all animals with a circulatory system), mammals have a muscular heart that contracts repeatedly to pump blood throughout the body's blood vessels. The heart serves to deliver oxygen and nutrients throughout the body and remove waste products. In general, the heart consists of multiple chambers (the number of chambers differs for the various animal groups). Two to four chambers may be present and there are two types of chambers, the atrium and ventricle (the atrium receives the blood returning to the heart while the ventricle pumps blood from the heart to the rest of the body).
The structural details of the heart differ among the various animal groups. Fish have the simplest heart structure of all vertebrates which consists of two chambers (one atrium and one ventricle). Amphibians and most reptiles have a three-chambered heart (two atria and one ventricle). Birds and mammals have a four-chambered heart (two atria and two ventricles).
The structure of a four-chambered heart offers greater efficiency than the three- and two- chambered heart structures. A four-chambered heart separates oxygenated blood coming from the lungs from the partially deoxygenated blood returning from the body to the lungs to be re-oxygenated. The prevention of mixing of these two streams of blood ensures that tissues receive oxygen-rich blood which in turn enables sustained muscle activity and helps in maintaining constant body temperatures.



Major Orders of class Mammalian
1. Order Carnivora: 
2. Order Chiroptera: 
3. Order Primates: 
4. Order Edentata: 
5. Order Rodentia: 
6. Order Lagmorpha:
7. Order Cetacea: 
8. Order Proboscidea: 
9. Order Sirenia: 
10. Order Perissodactyla: 
11. Order Artiodactyla: 
Order Artiodactyla (even-toed hoofed animals)
Hoofed animals with an even number of toes include those that ruminate, or digest their food in four-chamber stomachs and chew cuds, and those that do not ruminate. Those that ruminate are the families Girrafidae (giraffes). Cervidae (deer, moose, reindeer, elk). Antilocapridae (pronghorn antelope), and Bovidae (cattle, bison, yaks, waterbucks, wildebeest, gazelles, springboks, sheep, musk oxen, goats). None ruminants include the families Suidae (pigs), Tayassuidae (peccaries), Hippopotamidae (hippopotamuses), and Camelidae (camels, llamas).
Order Carnivora (meat-eaters)
They are small to large predatory, flesh eating mammals. There are two suborders of these toe-footed creatures. They include the Canidae (wolves, dogs, jackals, foxes), Ursidae (bears, giant pandas), Procyonidae (coatis, raccoons, lesser pandas), and Mustelidae (martens, weasels, skunks, otters), all part of one super-family that is characterized by long snouts and unretractable claws; and Felidae (cats, lions, cheetahs, leopards, tiger) Hyaenidae (hyenas), and Viverridae (mongooses, civets), all of which have retractable claws.
Order Cetacea (whales and purpoises)
Two suborders of Order Cetacea are the toothed whales, which have regular conical teeth, and the baleen, or whalebone, whales, which have irregular whalebone surfaces instead of teeth. Toothed whales include the families Physeteridae (sperm whales), Monodontidae (narwhals, belugas), Phocoenidae (porpoises), and Delphinidae (dolphins, killer whales). Baleens are in the family Eschrichtiidae (gray whales), Balaenidae (right whales), or Balaenoptridae (fin-backed whales, hump-backed whales).
Order Chiroptera (bats)
There are two suborders of bats, the only mammals that can fly. Suborder Megachiroptera contains one family, the Pteropodidae (flying foxes, Old Worm fruit bats). Suborder Microchiroptera contains 17 families, including: Rhinopomatidae (mouse-tailed bats), Emballonuridae (sheath tailed bats), Craseonycteridae (hog-nosed or butterfly bats), Noctilionidae (bulldog or fisherman bats), Nycteridae (slit-faced bats), Megadermatidae (false vampire bats), and Rhinolophidae (horseshoe bats).
Order Dermoptera (colugos or flying lemurs)
These gliding tree mammals from Southern Asia do not fly and are not lemurs, but they resembling a flying squirrel and are known as flying lemurs, or Family Cynocephalidae. They are nocturnal in trees. They have four equal sized limbs and tail included in a lateral furry skin fold.
Order Edentata (toothless mammals)
Teeth absent or reduced to molars, without enamel; toes with large, strong and curved claws. They have three families such as: Dasypodidae (armadillos), Bradypodidae (sloths), and Myrmecophagidae (hairy anteaters).
Order Hyracoidae (hyraxes, dassies)
Order Hyracoidae is one of three orders that have only one modern family remaining. Procavia capensis (the African rock hyrax) is one of nine living species in the Family Procaviidae .
Order Insectivora (insect-eaters)
The three members are the families Talpidae (moles), Soricidae (shrews), and Erinaceidae (hedgehogs).
Order Lagomorpha (pikas, hares, and rabbits)
Two families make up this order: Ochotonidae (pikas) and Leporidae (hares and rabbits of all sorts).
Order Perissodactyla (odd-toed hoofed animals)
The two suborders, Hippomorpha and Ceratomorpha, include creatures that have an odd number of toes. Families in this order are the Equidae (horses, donkeys, zebras), the Tapiridae (tapirs), and the Rhinocerotidae (rhinoceroses).
Order Pholidata
Family Manidae (pangolins) is the sole family in this order.
Order Pinnipedia (seals and walruses)
In the fin-footed order there are Otariidae (eared seals, sea lions), Odobenidae (walruses), and Phocidae (earless seals).
Order Primates (primates)
The order to which people belong is divided into two suborders: The Prosimii , who have longer snouts than their relatives, and the Anthropoidae . The first group includes the families Tupalidae (tree shrew), Lemuridae (lemurs), Daubentonlidae (aye-ayes), Lorisidae (lorises, pottos), and Tarsiidae (tarsiers). The anthropoids include the families Callitrichidae (marmosets), Cebidae (New World monkeys), Cercopithecidae (baboons, Old World monkeys), Hylobatidae (gibbons), Pongidae (gorillas, chimpanzees, orangutans), and Hominidae (human beings).
Order Proboscidea (elephants)
Large enough to have an order all to itself is Family Elephantidae .
Order Rodentia (gnawing mammals)
Each jaw with one pair of long, rootless, chisel-like incisors growing throughout life. They have no canine. The most prolific mammals, Order Rodentia includes three suborders. It takes in the families Aplodontidae (mountain beavers), Sciuridae (chipmunks, squirrels, marmots), Cricetidae (field mice, lemmings, muskrats, hamsters, gerbils), Muridae (Old World mice, rats), Heteromyidae (New World mice), Geomyidae (gophers), and Dipodidae (jerboas).
Order Sirenia (dugongs and manatees)
The families Trichechidae (manatees) and Dugongidae (dugongs and other sea cows) make up the Order Sirenia .
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FIGURE 2.4 Generalized chordate characteristics.
A single stream of water enters the chordate mouth, flows into
the pharynx.and then exits through several pharyngeal sits. In
many lower chordates, water exiting through the slits enters the
atrium, a common enclosing chamber, before returning to the
environment via the single atriopore. The endostyle, not shown. s
2 food-groove that runs along the floor of the pharynx.
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pension feeders, having a stick
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All three taxa, despite these superficial differences,
share a common body design similar in at least five funda-
notochord, pharyngeal slits, endostyle or

mental features
thyroid gland, dorsal hollow nerve cord, and postanal tail
(figure 2.4). These five features diagnose the chordates, and
taken together, distinguish them from all other taxa. We
look next at each characteristic separately.

Notochord

The notochord is a slender rod that develops from the
mesoderm in all chordates. It lies dorsal to the coelom but
beneath and parallel to the central nervous system (brain
and spinal cord). The phylum takes the name Chordata
from this structure. Typically, the notochord is composed of
a core of cells and fluid encased in a tough sheath of fibrous
tissue (figure 2.5a). Sometimes the fluid is held within
swollen cells called vacuolated cells; other times it resides
between core cells of the notochord. The notochord has the

mechanical properties of an elastic rod, so it can be flexed
laterally from side to side (figure 2.5¢), but cannot be col-
lapsed along its length like a relescope (figure 2.5b). This
mechanical property results from the cooperative action of
the outer fibrous sheath and the fluid core it encloses. If the
fluid were drained, like letting air from a balloon, the auter
skin would collapse and form no useful mechanical device.
The fluid that normally fills the notochord remains static
and does not flow. Such mechanical structures, in which
the outer wall encloses a fluid core, are called hydrostatic
organs. The notochord is a hydrostatic organ with elastic
al compression. It lies along the

properties that resist ax
body axis to allow lateral flexion but prevents collapse of
the body during locomotion (figure 2.5d).

To understand the notochord’s mechanics, imagine
what would oceur if one block of muscle contracted on one
side of an animal without a notochord. As the muscle short-
ens, it shortens the body wall of which it is part and tele-
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FIGURE 2.5 Notochord. (
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1)AUTODIASTYLIC

The jaws are attached to the cranium by anterior and
posterior ligaments. Hyoid arch remains completely free or
independent and does not support the jaws.
Eg:gnathostomes and acanthodians





image19.jpeg
2)AMPHISTYLIC

The quadrate or the basal and otic processes of upper
jaw(mandibular arch) are attached by ligaments to
chondrocranium.similarly,the upper end of hyomandibula(hyoid
arch) is also attached to chondrocranium, while the two jaws are
suspended from its other end.this arrangment makes double
suspension(amphi=both+styly=bracing)since both the first and
second arches participate in binding the jaws against the
chondrocranium.Eg:primitive shark.
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cranium.both the jaws are suspended from the hyomandibular,the
upper end of which fits into auditory region of the skull . since only
hyoid arch binds the two jaws against cranium ,this jaw suspensionis
teremed as hyostylic it provides the jaws a wider movement and helps
in swallowing larger preys
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HAUTOSTYLIC

This condition occurs when hyomandibular does not participate but
becomes modified into columella or stapes of middle ear for
transmitting sound waves.the upper jaw is completely fused by its
processes to the bony skull and the lower jaw is suspended from the
upper jaw.thus support from the hyomandibular is not needed,so it
enters the middle ear as columella or stapes.

Eg:bony fishes,tetrapoda.
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All three taxa, despite these superficial differences,
share a common body design similar in at least five funda-
notochord, pharyngeal slits, endostyle or

mental features
thyroid gland, dorsal hollow nerve cord, and postanal tail
(figure 2.4). These five features diagnose the chordates, and
taken together, distinguish them from all other taxa. We
look next at each characteristic separately.

Notochord

The notochord is a slender rod that develops from the
mesoderm in all chordates. It lies dorsal to the coelom but
beneath and parallel to the central nervous system (brain
and spinal cord). The phylum takes the name Chordata
from this structure. Typically, the notochord is composed of
a core of cells and fluid encased in a tough sheath of fibrous
tissue (figure 2.5a). Sometimes the fluid is held within
swollen cells called vacuolated cells; other times it resides
between core cells of the notochord. The notochord has the

mechanical properties of an elastic rod, so it can be flexed
laterally from side to side (figure 2.5¢), but cannot be col-
lapsed along its length like a relescope (figure 2.5b). This
mechanical property results from the cooperative action of
the outer fibrous sheath and the fluid core it encloses. If the
fluid were drained, like letting air from a balloon, the auter
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