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First part 

Comparative anatomy 
INTRODUCTION  

comparative anatomy:Defintion of  
Is a branch of zoology deals with studying the relationships of the 

structure and origin of all organ systems of all forms in the animal 

kingdom. 

Integumentary and exoskeletal system: 

• The dermal system consists of skin and its derivatives such as: scales, 

feathers, claws, nails, horns and hoofs, the skin glands such as: mucous, 

sweat and poisonous glands. 

• The integument covered all the surface of the body. 

• The skin has many important functions: 

Protection, regulation, locomotion 

Protochordata  

 

The dermal system of Protochordata (Amphioxus) 

Ex: Amphioxus lanceolatus 

The skin consists of two main layers: 

1-Epidermis                    2-Dermis 
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1-Epidermis 

A single layer of columnar epithelium and among them there is a goblet 

cell 

2- Dermis 

Very thin and is composed of fine connective tissue. 

3-Hypodermis 

Below the dermis and it is a thin connective tissue which surrounded the 

muscles of the body wall or the myotomes and continued with the 

myosepta which found between the myotomes. 

NOTE: There is no exoskeleton derivative in prechordata. 
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The dermal system of Higher Chordata 

The general character of the skin 

1-Epidermis 

2- Dermis 

3- Hypodermis 

1- Epidermis (is ectodermal in origin) consists of three main layer 

A-Stratum germinative (Malpagian layer) 

B- Sratum mucosum. 

C- Stratum cornium (Horney layer). 

A-Stratum germinative (Malpagian layer) 

Consists of columnar epithelium cells and in active state of 

division and profilate forming several layers called Sratum 

mucosum 

B- Sratum mucosum. 

Consists of several layers of squamous cells which transformed 

gradually into dead cells in their way to the surface by secreting a 

horney substance forming the Stratum cornium (Horney layer). 

C-Stratum cornium (Horney layer): 

Layer of dead cells 

NOTE the derivatives of epidermis is horney structure 

2-Dermis (is mesodermal in origin) 

consists of two main layers: 
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1-Stratum laxum (external) 

2-Compactum (internal) 

1-Stratum laxum (external) 

Consists of thin connective tissue which rich by blood vessels and nerve 

endings 

2-Compactum (internal) 

Consists of compact connective tissue and give the dermis some rigidity 

NOTE 1- the derivatives of dermis is bony structure. 

2-There is a chromatophores in dermis 

3-Hypodermis 

In perfict animal consists of two layer : 

1-External :Adipose connective tissue to store lipids . 

2-Internal :connective tissue that link between the skin and the 

muscles . 

EXOSKELETAL DERIVATIVES 

• A-Glands 

•  The glands: are developed from epidermis and extend into the dermis, 

there are two types: 

1-Unicellular                        2- Multicellular                         

• A) simple unicellular glands: where one cell becomes specialized and 

secretory in function such as mucous and goblet cells 

• B) Compound “multicellular” glands where the cells of stratum 

germinative invaginate into the dermis which opens on the surface of 
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skin:  

- tubular type such as sweat and mammary glands 

• - Alveolar type such as sebaceous and poisonous glands 

• Poisonous glands found at the base of the pectoral spines or on the dorsal 

spines of some teleosts 

 

1. The epidermal exoskeleton:- is produced as a result of the activity of the 

malpighian layer. 

• It consist of flat horny cells which condence together forming a hard 

structures such as: 

- horny teeth of cyclostomes 

- horny scales of reptiles 

- feathers of birds 

- hairs of mammals 

- claws of some amphibians, reptiles, birds and some mammals 

- nails of human 

- horns of mammals  

2. The dermal exoskeletal derivatives: it is produced by the 

mesenchymal cells which originate from the mesoderm such as :  

- bony scales of bony fishes 

- fin rays and fin spines of fishes. 

 3. The derivatives from both epidermis and dermis: 

- Placoid scales of cartilagenous fishes 

- True teeth of mammals  

The dermal system of cyclostomes (Petromyzon) 

 

1-The Epidermis is stratified epithelium, consists of 

1-Active basal layer (stratum germinative) 
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 2-Flattened cells (stratum mucosum)  

3-Cuticle: It is a live 

• The Epidermis is relatively thin and its cells is a live and covered 

by a cuticle or mucous .this mucous or glycoprotein eliminate the 

microscopic creature that clinging to the body . 

• The epidermis ended by flattened cells while the cartilage and bony 

fishes ended by a distinct horny layer. 

2-The Dermis It is less thickness than the epidermis and not 

differentiated into two layer. 

• The melanophores present below the dermis. 
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The dermal system of Cartilagenous fishes 

1- The epidermis mucous layer and more differentiated and give the 

horny layer 

• The cells still a live 

2-The dermis is more thickened and composed of two layers: 

A-Stratum laxum  

B-stratum compactum 

• The melanophores below the epidermis directly. 

3-The hypodermis: There is no hypodermis. 

Exoskeletal derivatives: 

1- Dermal spine. 

2- Mixed placoid scales and teeth. 

 

 

The structure of placoid scale 

• Consists of a basal plate inserted in the dermis and a spine 

projected outward through the epidermis.  

The basal plate or disc has two lobes and consists of hard dentine 
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substance, while the spine composed of an inner dentine substance 

covered by a thin layer of more hard dentine called vitrodentine 

(enamel). 

 

• In the center of the scale, there is a pulp cavity for the presence 

of blood vessels and nerve endings. 

• The placoid scales grow to a certain size, then shed away and 

new scales replace the old ones. 

• In most elasmobranches, these placoid scales are very small. 

The development of placoid scale of dog fishes  

• 1- The cells of the stratum germinative of epidermis at some 

places (future sites of placoid scales) become active. 

•  At the same time mesenchymal (mesodermal) cells of the 

dermis accumulate at these activated areas forming the dermal 

papillae 

•  2- The cells of str. germ. of epidermis as well as the dermis in 

these areas evaginate to  form conical projections.  

• The mesenchymal cells of mesoderm arranged themselves to 

form a regular layer underneath the cells of str. germ. and 

parallel to them. 
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•  3- The active cells of str. germ. in contact with the dermal 

papilla differentiated into a tall columnar cells forming the 

enamel or ameloblasts (epidermal-cells). 

• 4- At the same time the outer mesenchymal cells of the dermal 

papilla secrete another hard material on their outer border. This 

material is called the dentine and the dermal cells which secrete 

it are known as the odontoblasts. The remaining part of the 

papilla constitutes the nutritive part in the pulp of the placoid 

scale 

•  5- By the secretion of more dentine from the dermal papilla, the 

scale increases gradually in size and pushes itself in the 

epidermis, untill it pierces it and the spine becomes exposed 

externally and points posteriorly. 

• 6- At the same time, more dentine is secreted at the base of the 

scale forming the basal plate which embeded in the dermis and 

enclosed the rest of the dermal papilla leaving a passage for 

blood vessels called the pulp cavity 
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Cerratotrichia of cartilagenous fishes 

They are elongated hair-like fibrous connective tissue rods, these fin rays 

are in the form of simple and flixble rays of dermal origin. The dermal fin 

spines which found in sharks arise by the fusion of some fin rays.  
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The dermal system of bony fishes 

The skin of bony fishes is nearly similar to that of cartilaginous fishes. 

The dermal exoskeletal derivatives are represented by the hard bony 

scales embedded in pouches in the dermis and overlapping on another 

from the hind and the lepidotrichia or bony fin rays. 

The structure of bony scales 

 The bony scales are composed of bone, flate plates, formed from 

the dermis only, rarely shed away and they grow inside throughout the 

whole life of fish. 

The bony scale grows by the addition of new layers of bones at its 

periphery. 

In hot water and temperate seas, where there are no marked seasonal 

and food variations throughout the whole year, the lines of growth are 

of the same size. But in the case of cold water seas where food 

materials are very rare in winter, small layers are added in this season, 

while in summer where there is plenty of food, several and thicker 

layers of growth are added. So the age of fish can be known by count 

the summer and winter layers. 

In some teleosts such as in the family of Anguillidae (eels) the scales 

are minute and embedded in the skin. 

They are lacking in the common cat-fishes (Clarias, Bagrus), in the 

electric rays and some others. 
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The development of bony scales in Teleostis:   

1-The scale begin to develop by an accumulation of special type of 

mesenchymal cells of dermis known as sceleroplasts below the 

epidermis this cell arrange themselves into pouch of small sac called 

the dermal papilla.  

2- The active sceleroblasts of this papilla start to secrete a thin sheet of 

bone material at its inside to form the rudiment of bony scale A 

connective tissue strands from the dermal (scale bockets), separate the 

flattened bony scales.  

3-By the secretion of more and more bone material, the scale 

increases in thickness and dimensions. 

4- gradually the anterior end of each scale become deeper in the 

dermis, while the posterior end Grow toward the surface ,pushing the 

epiderm above which it becomes very thin .by this arrangement , the 

scales become overlapping each other 
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 5.the epidermals either remain as a thin membrane covering the 

overlapping posterior edges of the scales or ruptures leaving the 

posterior edge of the scales exposed to outside.              
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                     The lepidotrichia of the fin  

These fin rays are also dermal in origin and supported the outer part 

of the fin and composed of bony material the lepidotrichia are long 

segmented and branched fin rays.                             

   The development of these fin rays is similar to that of the bony 

scales. Each ray consists of modified scales joined end to end. Some 

of the bony fin rays fuse together to form hard spines. 

Generally they are found at the anterior edges of various fins 

serve as mechanical support for the fin, and as organ of defense. Many 

taleastes possess a serious of   anterior spiny rays, which support the 

dorsal fin in addition to the posterior soft rays.     
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Types of scales in fishes 

• Placoid scales: These are characteristic of cartilagenous fishes 

only. Each placoid scale consists of  a backwardly directed spine 

arising from a round basal plate embeded in dermis. Spine is 

made of enamel-like and dentine-like material. A pulp cavity 

inside spine opens through basal plate 

• Placoid scales are closely set together in skin giving it a 

sandypaper like quality.  

• Ganoid scales: Are rhomboid scales, thick, enclosed fitted side 

by side, in some cases they may overlap 

• Composed of three layers: outer enamel-like material, midle 

dentine-like material and inner bony material. 

• Cycloid scales: They are thin and flexible overlapping single 

plates , thicker in the centre and marked with several lines of 

growth which can be used for determining the age of the fish 

• They are composed of a thin upper layer of bone and a lower 

layer of fibrous connective tissue. They are overlap each other. 

Each scale embedded in a small pocket of dermis 

• They are found in lung fishes  

• Ctenoid scales:  

• These are characteristic of modern higher teleosteans, they are 

similar to cycloid scales in structure, their exposed free hind 

parts bear numerous small teeth or spines  

 

As in cycloid scale is embedded in a small pocket in the dermis , the scale 

are obliquely arranged so that the posterior end of one scale overlap the 

interior edge of the scale behind it. .    
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The dermal system of Amphibia 

The epiderm in the aquatic amphibian is thin, moist and thin stratified 

layer, while it is thick stratified in Terrestrial forms in which the corneal 

layer is very thick. 

1-the epidermis 

The horny layer appears first time and it is a thin one or two layer. 

• In larva amphibia that lives in water have a live cuticle. 

• In adult amphibia have dead horny layer 

The skin of amphibia is richly supplied with blood vessels, since 

the skin is an important respiratory organ during the hypernation       

The dermis is formed from two distinct layers, an outer spongy 

layer composed of loose connective tissue and beneath it there is a 

compact layer of compact connective tissue and strong parallel waivy 

fibers.                                       

The pigment cells of various kinds are found in the structure 

mucousum of epidermis and in the dermis just beneath the stratum 

germinativum 

The amphibian skin is very rich by glands mucus glands: they 

are numerous and small in size and situated near the surface, its wall 

are composed of distinct cells, and they secrete transparent mucus 

which keep the skin always moist. 

Poisonous glands: they are few in number and large in size and 

deeply situated in the skin. The gland is composed of syncytium (have 

no intercellular walls). They secrete a poisonous milky secretion. 

In some amphibians there are granular poisonous glands, 

attracting sex in the breading seasons. 
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On the sides of the toads just behind the head, there are two 

large poisonous glands. 

Urodelean and anuran amphibian posses naked skin, without 

exoskeleton. 
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Dermal system of Reptilia 

The skin of reptilia is dry due to the absence of glands, where they 

need to keep water in their body. The epidermis is very thin, 

consisting of two or three layers. The corneal layer of the epidermis is 

thick. The outer corneal layer is shed in lizards and snake in the 

process of ecdysis. The dermis is fibrous. The melanocytes may be 

found in the epidermis or below it in dermis. In all reptiles the skin is 

characteristically clothed by epidermal horny scales (cornusctus) bony 

dermal plates osteocutes are also found in turtels and crocodiles, but 

small one may be present in some lizards and snakes. 

 

 

evelopment of horny scale in reptilesD 

By accumulation of the dermal cells forms dermal papillae, 

which supplies the str.Germ. Above with sufficient blood materials.                                      

The cells of str. Mucosum become compressed and flattened, as they 

become superficial.                                     

They transformed into horny material by keratinization and give 

rise to the horny scale .The pulb of the epidermis is filled with 
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connective tissue and becomes rich in blood vessels and nerves 

forming dermal papillae. The thick horny scales are connected 

together with a thin not cornified membrane called articulating 

membrane that aid in the movement of the animal.                                                     
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Therefore, horny scale of reptilian are considered as thickened area of 

the stratum Cornium. There are not separated one another like those of 

fishes but they are thickened parts of continuous horny layer in the 

case of makes the whole layer covering the body is shed of at intervals 

as a single place and it replaced by new one, while in lizards it takes 

place by a small parts. This process is important for the growth of 

animal.                                     

The bony plate (osteocutes) 

This bony plates, are found in many reptiles, they are dermal in 

origin beneath the epidermal horny scales .sometimes small dermal 

plate are found among lizards, snakes and 

crocodiles.                                                          
  In turtles there are what is known the bony shell. It consists of an 

arched carapace above and flattened plastron below and they united 

together by lateral bridges. Each structure composed of thin epidermal 

scutes (cornuscutes) to the outside and heavy large bony plates 

deposited in the dermis of dermal origin called osteocutes below. The 

bony plates of carapace are fused with the vertebrae and ribs. The 

osteocutes or the bony plates originate from dermal cells called 

osteoblasts which secrete the ostein (bony material). 

 

 The claws of Reptilia   

 The claws are pointed and covered the last joint of the toe. It consists 

of dermal convex horny plate or scale known as the unguis which is 

terminal and covering the last phalanx of the digit and a concave 

subunguis. The junction between two plates often forms a sharp edge 

or angle, the origin of the skin following the claw, at its ventral 

surface remain formed the pod. 
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dermal system of Aves (birds)The  

The skin of birds is more delicate than of reptiles. The epidermis is 

thin with highly cornified external surface. The dermis is fibrous the 

dermal melanocytes are usually absent but restricted to the feather 

follicles. The skin is characterized by absence of glands, except the 

two uropygial glands found at the base of tail of some birds which 

secrete oil which lubricating the feathers. The feathers on the greater 

part of the body which they are epidermal in origin constitute the 

exoskeletal derivatives of the bird skin. 

The horny scales covering the legs of birds, the claws of fingers which 

they are identical with those of reptiles and mammals originated from 

epidermal layer by cornification process and the horny beaks covering 

the maxilla and mandible of all birds skull are exoskeletal derivatives 

of epidermis in birds. 
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Types of  feathers 

Feathers are found only in birds, they formed from beta keratin layer. 

In general there are four main types of feathers:   

1: Down feathers (flumules): These 

feathers constitute the covering of 

young birds and occur in many of 

adults between the bases of contour 

feathers. They are shed when the 

contour feathers emerge later ,the down 

feathers consists of a short , thick, 

hollow stem or quill embedded in the 

instrument, and numerous soft rays or 

barbs arising in a circle from the top of 

the quill with minute side rayes  or 

barbules along the edges of barbs   

Without booklets . 

 

2: hair feathers (filoplumes): 

 They are small and grow around the mouth and face and are usually 

scattered over the surface of the body, the hair 

feathers consists of a fine long axis carrying a 

few terminal ( at its distal end ) barbs 

separated from each other with few barbules 

and the latter are Without hooklets. The shaft 

is embedded in the skin and surrounded by the 

feather follicle at its base.   
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3: Contour feathers (plumes):  

These feathers covered the whole of the body and give it the general 

outline or contour. They arise from certain areas of the skin called 

feather tracts or pterylae the contour feathers consists of a central axis 

that composes of basal quill and shaft or rachis , the shaft bear on each 

side the vane. 

The inner part of the axis is pars and hollow. The quill has two 

opening inferior umblicus at the proximal end and the superior 

umblicus at the ventral side of the beginning of the vane. From the 

superior umblicus protudes accessory feather called the after shaft, 

consisting of only a few tufts in some birds and of a complete feather 

in other. The shaft has an umbilical groove on its ventral surface. The 

vane is composed of large number of parallel adhering oblique rays or 

barbs which carry barbules, the barbules. The barbules interlook 

through hooklets. In ostrich, all barbules lake hooklets and the whole 

feather is fluffy 
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4- Quill feathers  

These feathers are similar to the contour feathers but they are large 

and common type of wings which called the rings or flight feathers 

and in tail which called the rectrices or tail feathers. Molting is found 

among birds, where the feathers are shed periodically or seasonally 

and replaced by new one. The replacement takes place     gradually.  
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The development of feathers of birds: 

 

1. With accumulation of special mesenchymal cells appears in the 

dermis just below the epidermis and become covered by a cap of 

epidermis giving rise to the dermal papilla. 

2. The papilla is supplied with  blood from blood vessels of the 

dermal pulp, growth and lengthes with its epidermal 

Cap into a cylindrical cone, which projects above the surface, 

while its base deepens into a feather follicle (an annular groove 

appears around the base of the papilla). 

3. The cells of str. Germ. Become active and divided continuously 

and due to this, more epidermal cells are formed and the 

epidermis becomes thick at this area.  These cells press 

theoverlies cells and transformed into horny thin layer that forms 

the outermost layer of the developed feature which called the 

feature sheath or periderm (outer, thin cornified layer of the 

epidermis).  

  4      the cells of str. germ. (the epidermis beneath the sheath)  

proliferate upward to dorm a series of longitudinal ridges or columns 

of pigmented cells which project into the dermis and arrange on the 

surface of the dermal pulp into which they extend.   Actually these 

ridges arise from a collar of cells (str. Germ.  at the base of the papilla.  

The columns will be cornified and separate forming the barbs, and the 

stratum cornium of      epidermis covering them becomes a definite 

thin sheath which surrounds a circle of barbs and still envelopes the 

feather. 
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    5   New epidermal cells are modified also into pigmented columns 

to dorm the side branches of the barbs or  barbules. The dermal papilla 

becomes connected and gradually retracts in the basal part of the 

growing feature, while its apical part is filled with connective tissue.  

 The entire structure is now called the feather gem. The       feather 

germ with its sheath growth rapidly and soon projects from the feather 

follicle above the surface of the skin as a pin feather. 

6   As the feather continues to grow, the proximal part of the ridges 

become cornified and separate from one another. The basal part of the 

future feather doesn't cornify into columns but produces a horny layer 

around itself, and encloses a pulp cavity within.  This region gives rise 

to the quill of feather which doesn't split.  

7   A small papilla remains at the base of the feather. This will give 

rise to another feather later on. If the feather developed into a Down 

feather, the sheath at its apex splits the tips of the ridges dry and the 

barbs release, which remain attached only to the top of the hollow 

quill.  

  If the feather develops into  contour feather, the shaft Arises beyond 

the quill by exaggerated growth and Fusion of two ridges or columns 

(growth in one side of the collar of stratum germinativum at the base 

of the feather germ). Other ridges are drawn out along both sides of 

the shaft to form the barbs. When the sheath splits, the barbs Separate 

slightly, spread to form the flat vane and the pulp cavity of the quill 

dries into a hollow tube.  
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 The horny beak of birds: 

The beak (bill) which covers the maxilla and mandible of birds is 

epidermal in origin. Correlation with its role in procuring food it 

differs in size and shape.  

Seed eating birds usually have short, strong rather blunt beaks, while 

insect waters possess long, weak and narrow beaks. The long, strong 

hooked beaks of prey are will fitted for their methods of obtaining 

food.  
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• The dermal system of mammalia: 

The epidermis is very thick in the regions of the body which come in 

contact with the external objects such as the sole of foot and the palm 

of hand, where the stratum germinativum is thick, and the corneal 

layer is granular, hyaline, and very thick.   

The dermis is thicker in proportion to the epidermis than in other 

vertebrates.  It composes melanocytes are found in mammalian skin 

between the epidermal cells, sometimes they are found in the dermis.  

 Below the dermis is a fatty layer, which is thicker in some regions 

than in others. The sub cutaneous fats of whale are an adaptation to 

life in the icy season.    

The exoskeletal derviatives of the mammalian skin are the 

multicellular epidermal glands, hairs, nails, horns and hoofs which 

they are epidermal in origin  
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 Types of mammalian glands: 

There are two essential types of glands from which all glands are 

probably derived, sweat glands and sebaceous glands. 

1. Sweat glands: The glands are either simple coild tubular or simple 

branched tubular glands, arise as invaginations of the epidermis into 

the dermis and open in the surface of the skin. These glands secrete 

the sweat as a cooling device important in thermal regulation and 

removal of salt, urea and other waste products.  

2. Sebaceous glands: The gland is alveolar, opens into the hair 

follicle and secrets a fatty or oily substances for lubricating the 

stratum cornium. They may open directly on the surface of skin of 

some areas. They are absent from the palms and soles as well as from 

the skin of marine animals (Cetaceans).  

They are found in the corner of the mouth and lips, internal surface of 

labia minora, mammary papilla and occasionally on the glands penis.  

3. Scent glands: Many mammals possess scent glands. They are either 

modified sweat glands or sebaceous glands. They may be useful in 

attracting members of the same species or the opposite sex. In some they 

serve in attracting prospective food items, in others they function as a 

defence against enemies.  These glands are located in the region of the 

eyes (Deer), near the anal opening (carnivores), open into the rectum just 

inside the anus (weasels), at the openings of the reproductive organs 

(rodents), on the face (some bats), between the hoofs (pigs), or over the 

temporal bone (elephant) and in still other mammals on the arms, legs 

and other parts of the body. 

4. Mammary glands: The milk producing glands, present in all 

mammals and only in mammals, are actually modified sweat glands. 

These glands are multitubulated and arise in both sexes from a pair of 

elevated ribbons of ectodermal cells called milk lines, extending along 

the ventrolateral body wall of the fetus.  Along the milk lines develop 
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patches undifferentiated mammary tissues, which invade the dermis 

and spread under it. Nipples develop above each patch. They are 

active only at certain times immediately before the young are born and 

generally as long as active sucking continues. 

In prototheria (Monotremes), the mammary glands are primitive 

and open in depression on the abdomen and they are functional in in 

both parents. The milk oozes over hairs and the young mammals grasp 

tufts of hair and obtain their nourishment by lapping . 

In Metatheria and Eutheria, the mammary glands are functional in 

the females only. They open in the surface through nipples or teats. 

The nipples or teats are grasped by mouth of the young when sucking. 

A nipple is a raised area on the breast through which the mammary 

duct or ducts open directly to the outside on the top of the nipples. In 

the false nipple or teat, present in horses, cattle and others, the skin of 

mammary area grows outward to dorm a large projection and the 

ducts collect the milk in a reservoir called the cistern, from each a 

large secondary canal drains the cistern milk to the top of the teat. 

Generally they vary from 1 pair in the man to 11 pairs in certain 

insectivorees. In man, bat's, horses, whales and elephants there are only 

two nipples or teats, so since these animals give birth to one or two 

youngs. 

In the case of animals which give birth to many youngs such as pigs, 

dogs and edentates, there are many of them. 

The mammary glands lie in two ventrolareral rows in dogs, cats and pigs, 

between the hind legs in horses and cows, between the front legs in 

elephants or in the pectoral region in primates. 
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The structure of hair 

Hairs are cornified modifications and they may be shed seasonally.    

At the base of the follicle, the hair is expanded slightly to form a bulb 

- like enlargment, the root of the hair. All growth takes place at the 

root, where the cells of str. Germ. are proliferating. Beyond this point 

the cells gradually die, the shaft of the hair thus being composed of 

dead, cornified cells. The shaft lies free within the hair follicle and 

projects above the surface of the skin. It's composed of three layers, a 

central core, the medulla, a middle cortex and an outer covering 

cuticle of dead keratinized (alpha keratin) cells. The medulla within 

the hair is composed of air space and dermal elements, and covered by 

a layer of elongated cells, the cortex and enveloped by the outer layer, 

the cuticle. Color of the hair when present, is due to the color of 

pigment which located in the intracellular space in the cortex or in the 

medulla or in both or due to the amount of air in the intracellular 

space of the medulla. The root of the hair is the deep portion with the 

follicle, it's cell become cornified and dried. The bulb is a swelling 

part at the base of the hair and contains the dermal papilla, it's cells 

are contributed to the lengthing of the hair by mitotic division. The 

hairs grow from the hair follicles that projecting deep into the dermis.  

The density of hair on the body on the body shows much variation in 

different mammals. Those living in cold climates have have the 

heaviest coats of all. Tropical forms are often sparsely covered. A 

permanent living in water is associated with an almost total absence of 
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hair in cetaceans and sierenians. White hair is due not to the prescence 

of white pigment but to lack of all pigment, light being reflected in all 

directions from air spaces, particularly those in the medulla. The 

sensory tactile hairs present on the snout of the nocturnal mammals 

such as cats and rats (vibrissae), the protection strong hairs the 

eyelides (eyelashes), the spine of Hedgehog , the very large hairs on 

the tail of angulates the dust arresting hairs in the nose of man are 

modified hairs in mammals. The follicles of these sensory or modified 

hairs have and a bundant nerve and blood supply at their bases. 

   

 

 The development of hair in mammals : 

1. The cells of str. germ. At the region where the hair will be developed 

become active and begin to proliferate and invaginate towards the 

dermis forming a thickened cylindrical hair follicle. Special special 

mesenchymal cells or dermal papilla organize just beneath the 

epidermal invagination. 
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2. The invagination of the str. germ. Is followed by other epidermal cells 

forming the so called the hair germ.   This hair germ becomes gradually 

more deep and the mesenchymal cells increase in number due to their 

activity. 

3. The mesenchymal cells press upon the ventral or the inner border of the 

hair germ, thus forming a bulb shaped structure known as the hair bulb. 

(i. e the hair germ makes a cap over the papilla). The mesenchymal 

cells and the connective tissue inside thin bulb form the hair (dermal) 

papilla that nourishment the developing hair. 

4. The cells of the hair germ (stratum germinativum) are activated and 

proliferatd giving rise to a small conical mass of cells from which the 

hair rudiment or periderm developes. This mass of cells at the central 

part of the hair germ undergoes keratinization at its terminal part 

forming the hair proper. 

5. During the development, the hair germ becomes more deeply 

embedded in the dermis and with continuous proliferation; the hair 

grows deeper into the dermis giving rise to the hair root. 

6. Then the bulb at the base of the hair is differentiated, cornified cells 

commence to make their appearance, and hair shaft begins to rise out of 

the follicle.   The hair cone within the hair follicle or as a result of 

keratinization, the follicle gives rise to a central hair shaft and an inner 

hair sheath. 

The hair continuous to be pushed out from below until it pierces the 

surface of the skin and becomes visible from outside. At the same 

time sheaths of the hair roots become formed: The lining of the 

follicle (close to the hair proper) is called the inner root sheath. It is 
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somewhat cornified and dirfarentiated in the adult stage into an outer 

Henle's layer and an inner Huxley's layer. It is the white coat that 

clings to the roots of the hair when they are pulled off. The outer root 

sheath extends as far the str. germ.  

The new formed hairs develop either from new hair follicles as normal 

or from epithelial bed outgrowths of the down or fine hairs of the 

embryo which they represent reserve epithelial  materials for future or 

adult hair generation. If there is complete destruction of the str. germ. 

and papilla regeneration of hair will not occur. If a hair is pulled out, 

the place where it gives is usually Just above the str. Germ. at the base 

of the follicle.  

A new hair then usually grows in its place. Hairs which grow to a 

considerable length before they loosen and are shed (head hair of 

man) are said to be angora. Definitive hairs, on the other hand, grow 

to a certain length and then stop. They are then shed and quickly 

replaced (eye lashes, eye browes and body hairs). Angora hairs may 

persist for several years, but definitive hairs usually last only a few 

months.  
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The Claws of Mammals:  

The claws of some mammals develop as in the case of reptile claws. 

The claw consists of dorsal unguis and ventral sub unguis. The claw 

covers the terminal phalanx of the digit. Cat has retractile claws which 

when not in use are withdrawn into a sheath. 
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The nails of primates and human: 

The nails are found at the ends of fingers. It 

consists of a broad flattened unguis, the 

subunguis is usually reduced or absent and lies 

under the tip of the nail. 

 

 

 

 

 

The Hoofs of ungulata: 

 Hoofs are found on the top of the digits. It consists of unique which 

surrounds the front of the toe and a subungius which is greatly enlarged 

and thickened and covered the ventral side or the toe. Since the unguis is 

of harding consistency than the subunguis, it wears away more slowly 

And a rather sharp edge is thus maintained 
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The horns of Mammals:  

The horns of mammals are structures of different origin and 

composition. Horns of Rhinoceros are median and made up of long 

epidermal strands of keratin. These called the keratin fiber horns. The 

indian rhinoceros has one horn and the African two, one behind the 

other and the larger one being the more anterior. In cattle, Sheep and 

Goats, the horns are a hollow kiratin sheaths covering the hollow bony 

cores which are outgrowths of the frontal bones of the skull (hollow 

horns of both males and females). The horns are permanent and 

unbranched. they 

continue to growth from 

the str. germ. between it 

and the bony core. Horns 

are present in both sexes, 

but there are sexual 

differences in its size and 

shape. 
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 of Mammal: The True Teeth 

Teeth are primarily embloyed by animals in cutting grinding, or 

crushing food but may in addition, serve structures used in attack of 

defense, The true teeth are homologous with the placoid scales of 

cartilagenous fishes in their development from epidermis and dermis. 

The portion of the tooth that is exposed and called the crown is 

covered with enamel, under this lies the somewhat softer dentine, 

composed of calcified connective tissue. The dentine surrounds a pulp 

cavity filled with soft connective tissue and supplies with a call nerves 

and blood vessels. In mammals a layer of cementum forms around the 

root of the tooth. At the tip of the root is a small opening through 

which nerves and blood vessels enter the pulp cavity.  

Among lower vertebrates, teeth rest on the surface of bone or cartilage 

and are not inserted in sockets. Such teeth are early lost and replaced 

by new ones developing below.  
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- Sharks have sharp conical teeth replacing placoid scales. These teeth 

can be replaced by moving up of the back rows.  

- Most bony fishes have conical teeth, found in a single row or several 

rows or in patches and vary greatly in shape and arrangement, some 

bony fishes lack teeth. 

 - Among Amphibia, Apoda and Salamanders have two rows of teeth 

in the upper jaw and in the lower. Most frogs have a single row of 

small teeth in the upper jaw and none in the lower one. Toads are 

toothless.  

- In Reptilia, squamata have palatal and marginal teeth a bove. 

Poisonous fangs are found in certain snakes as in Vipera. Chelonia 

have no teeth. The teeth are uniform shape in which all teeth of 

reptiles are similar or homodont type. 

- Birds have no teeth although teeth are found in the ancestral forms 

such as archaeopteryx. 

-Among mammals, monotremes are toothless. Marsupials have about 

50 teeth as in Opossum and this is an primitive number. 

Placental mammals such as Pig and horse have started with 44 teeth 

and becoming heterodont 44   
       

       
   

                                                                                     

in advanced types of mammals such as apes and humans, the number 

is reduced, becoming 32 teeth, its dental formula 32   

       

       
 

Rodents have lost the more lateral incisors, the canines and more 

anterior premolars, having a wide gap called the diastema. 

between the single enlarged pair of incisors and the sheek teeth( 

premolars and molars). The dental formula of rat 16  
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In herbivorous, incisors are modified or lost. 

Ruminants such as cows and sheep have lost the upper incisors but 

retain the lower ones, sheep 32   

       

       
 

 

Carnivorous animals such as Cats and Dogs have relatively small 

incisors and possess the so called carnassial teeth. 

These teeth are the last premolar in the upper jaw and the first molar 

in the lower jaw, where they are very large and sharp and differ from 

other premolars and molars. These carnassial teeth act together as 

grinding surfaces. The teeth in front of carnassial teeth are compressed 

and pointed, while the teeth behind them have grinding surfaces. 

Canines are best developed in carnivorous animals. The dental 

formula of cat 30  

       

       
 

of dog 42  

       

       
 

The incisors of Rabbit have characteristic chisel snaps and they are 

rootless and grow out through the whole life, and there are no canines, 

therefore a diastema is present between incisors and premolars. The 

dental formula of Rabbit 28  
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D.F (dental formula)=  

                                            

                                            
 

 

Dentition in vertebrates 

. Homodont:  In vertebrates other than mammals, all the teeth present 

are similar in shape and size. 

 

2. Heterodont: Mammalian teeth are characteristically heterodont, 

that is, dissimilar in shape and size. They are distinguished into 

several types known as incisors, canines, premolars and molars. This 

differentiation depends upon the nature of food eaten  

 

[II] Attachment of teeth 

1. Acrodont: This condition occurs in most vertebrates in which teeth 

are attached to the free surface or summit of the jaw bone, as in a 

shark or frog. Such teeth are break off easily but are replaced.  

2. Pleurodont: In this condition, common in lizards, teeth are attached 

to the inner side of jaw bone by their base as well as one side.  

Acrodont and pleurodont teeth are rootless, so that nerves and blood 

vessels enter the pulp cavity along lateral side.  

3. Thecodont: Such teeth are characteristic of mammals. Teeth have 

well developed root simplanted in deep individual pits or sockets in 

the jaw bone  
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[III] (Replacement) of teeth 

According to their replacement, teeth fall into 3 categories:  

polyphyodont, diphyodont and monophyodont. 

1. Polyphyodont In lower vertebrates, teeth can be replaced an 

indefinite number of times during life.  

2. Diphyodont In most mammals teeth develop during life in two 

successive sets, a condition known as diphyodont. Teeth of the first set 

are called milk teeth. As in human  

3. Monophyodont. In some mammals such as some rodents, only one 

set of teeth develops, known as monophyodont condition.  
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Endoskeleton system 

The vertebrate endoskeleton consists of ligaments, cartilage and 

bones, there are two kinds of bones: cartilage or replacing bones 

which replace the cartilaginous stage and membrane or covering 

bones which arise from the mesenchyme directly without passing in 

the cartilaginous stage and formed over the replacing bones. Both 

kinds of these bones are histologically the some, but they differ in 

their mode of formation. 

The skeleton is divided into axial and appendicular parts. The axial 

skeleton consists of the skull, the vertebral column, ribs and sternum, 

while the appendicular skeleton consists of the limb bones and limb 

girdles.  

The Skull: 

 The skull is the most complex part of the axial skeleton which found 

in the head region surrounding the brain and the sense organs. It 

comprises two main parts, the cranium or the neurocranium (brain- 

case) with the sense capsules such as the olfactory, optic and auditory 

capsules, and the splanchnocranium or the visceral skeleton which is 

composed of the gill arches and the upper and lower jaws, hyoid arch, 

ear bones and the cartilage of the larynx. 

The skull originates in its early development in the embryos of 

vertebrates from the condensation of mesenchymal cells at certain 

centers which transformed gradually into cartilaginous cells forming 

the first type of skull called the chondrocranium. This type remains 

cartilaginous throughout the whole life in Cyclostomes and 

Cartilagenous fishes. In vertebrates above cartilagenous fishes 

(advanced vertebrates) the cartilage cells in the chodrocranium 

become replaced during further development, partly through 

classification of these cells into osteoblasts, replacing or cartilaginous 
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bones to give rise to second type of skulls namely the osteocranium 

and partly through the addition of new bones called the dermal or 

membrane bones without passing into cartilagenous cells forming the 

third type of skulls known as the dermatocranium. 

In cyclostomes such as petromyzon, the brain case forms a floor and 

side walls around the brain. There is no roof except a narrow occipital 

arch. 

In the form of petromyzon, the skull is developed from two pairs of 

rods called the parachordals: a pair of anterior parachordals on the 

sides of the anterior end of the notochord and a pair of Posterior ones 

behind them and near the otic or the auditory capsules.  

The parachordals and the otic capsules fuse together making an 

incomplete floor and side walls for the brain. Aanteriorly a single 

nasal or olfactory capsules appears and posteriorly small pieces of 

cartilage arise between the gill pouches, forming the visceral 

cartilages (7 visceral arches). 

In Gnathostomes, the two jaws are first appear from the first visceral 

arch. This arch seems to migrate forwards above and below the mouth 

to form the upper (platoquadrate) and lower (mandible or meckel's 

cartilage) jaws on each side of the skull. The second visceral arch give 

rise to the hyoid arch and the remaining five arches constitute the gill 

arches which support the gill slites. 

The skull in the elasmobranch fishes remains cartilagenous and its 

roof is also not complete and it possesses e large opening known as 

the anterior fontanella which it is closed by connective tissue. The 

side walls of the skull are perforated by small pores for the passage of 

nerves and blood vessels, the upper jaw carries a movable articulation 

with the cranium (hyostylic suspension). 
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Development of the chondrocranium: 

There are differences in the details of the development of chondrocranium 

among different groups of vertebrates. However, the development follow 

main steps in the embryos of all vertebrates.  

Three pairs centers of chondrification which derived from the 

mesenchymal cells of the head mesoderm and lie close to the notochord 

developed. These accumulation centers of cells are gradually transformed 

into elongate cartilage elements a pair on both sides of the anterior end of 

the notochord called the parachordals, a par anterior to these underlying 

the anterior end of the brain known as trabeculae or prechordals and 

sometimes a pair of small polar cartilages forms between the parachordals 

and trabiculae (prechordals). 

At the same time, cartilagenous sense capsules appear around the sense 

organs, these are the olfactory, the optic and the otic or auditory capsules 

which surrounded the nose, the eye and the ear respectively. Then the 

occipital arch appears at the posterior end of the parachordals. During the 

development fusion between these three pair elements takes place. 

Posteriorly, the parachordals fuse together medially forming a basal plate, 

which enclosed the notochord and extends laterally to unit with the 

auditory capsules. Usually, the anterior ends of the parachordals become 

connected by a transverse bar called the acrochordal cartilage leaving an 

opening behind (anterior to the notochord) known as the basicranial 

fenestra. 

Anteriorly, the trabiculae and the polar cartilages if present fuse to 

each other and fuse with the parachordals. The trabiculae fuse together 

anteriorly forming an intertrabecular or ethmoid plate and leaving a 

hypophyseal fenestra behind (between the ethmoid plate and 

acrochordal to the blood vessels, the intertrabecular plate don't reach 

the optic capsules in the eye region, therefore the optic capsules 

remain free, thus allowing free movement of the eyes. 
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The intertrabecular plate, however extends anteriorly to reach the 

olfactory capsules and fuses with them. Anteriorly it gives rise to a 

main prolongation between the nasal capsules called the internal 

septum. 

If the trabeculae are widely separated and hence a large hypo-physeal 

fenestra exists, a primitive platybasic skull is formed without an 

interorbital septum, as found in lower fishes and amphibians and if the 

trabeculae are closely placed and there is a skull hypo-physeal 

fenestra and interorbital septum, this skull is called tropibasic skull, as 

found in higher fishes and most tetrapodes. 
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B) The side walls of the chondrocranium: 

The auditory capsules form the side walls of the posterior part of the 

chondrocranium. In the eye region, two separate plates of cartilage 

which are formed from accumulation of mesenchymal cell between 

each eye and the corresponding side of the brain give rise to the 

orbital cartilages. These chondrified materials appear independently 

and then fused ventrally with the polar cartilages and trabeculae, and 

posteriorly with the auditory capsules, leaving some foramina or 

fenestrae for the passage of cranial nerves and blood vessels from and 

to the brain.  

Lateral to the orbital cartilage are developed another independently 

cartilages called the supra orbital which forms the roof of the orbit and 

protects the eye dorsally and the suborbital which constitutes the floor 

of the orbit and protects also the eye ventrally. The orbital cartilage is 

also fused with the auditory capsule of each side forming what is 

known as the postorbital process. 

C) The roof of the chondrocranium: 

After the formation of the floor and the side walls of the 

chondrocranium, the roof begins to be formed as follow: 

Posteriorly, in the region of the auditory capsules, two cartilage plates 

grow also from the dorsal edges of the otic capsules towards the 

middle line, and fuse together to form a complete roof, known as a 

tectum synoticum. 

In the orbital region, two plates of cartilage grow from the orbital 

cartilages and extend medially to form a complete roof for the brain in 

the eye regions called the dorsalis cranil. 

In the olfactory region, however no roof is found and a large cup 

called the anterior fontanelle is left between the two olfactory 

capsules. 
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D) The occipital arch: 

Posterior to the otic capsules, the region of the parachordals is 

segmented in nature. The segments in this region form upward 

projections of both sides. The last segment may be called occipital 

arch and segments in front are preocoipital arches. 

Certain vertebrae may be added from behind, and these are called 

occipitospinal arches, and from some of these arches a roof develop 

above. The preoccipital, occipital and occipito spinal arches, together 

with their roof and the tectum synoticum perform the occipital arch of 

the adult skull, bounding a large foramen magnum through which the 

spinal cord passes. 

E) The visceral arches or the splanchnocranium: 

The visceral skeleton supports the gills and consists of a number of 

cartilagenous pairs, developing in the splanchnic mesoderm between 

the gill slites. In the dog fish there are only seven pairs or arches. The 

first pair is called the mandibular arch and give the  platoquadrate (the 

upper jaw) dorsaly and a ventral meckel's cartilage (the lower jaw). 

The platoquadrate grow foreward them the upper of anterior margin of 

mouth and unite together in the middle. The meckel's cartilages are 

also extended along the lower part of the posterior margin of mouth 

and unite in the midle line. 

The second arch is called the hyoid arch that plays an important part 

in the jaw suspension, the remaining arches (3-7) are known as 

the gill arches. 
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There are different ways of jaw suspensions to the 

crnaium in Gnathostomes: 

Amphistylic jaw suspension as in primitive -1

elasmobranches: 

The platoquadrate is provided with a well developes otic 

process which takes a certain part in jaw suspension . it also 

articulates with the postorbital process. In the addition to this, 

the jaws are also connected with the skull by hyomandibular 

cartilage of the hyoid arch . the cartilage is attached to the 

cranium and lower jaw by ligaments. 

Hyostylic jaw suspension as in most elasmobranches and -2

in all teleostomes: 

The platoquadrate has no otic process and its posterior part is 

far away from the auditory capsule. The jaws are suspended 

by the hyomadibular cartilage which is well developed and 

attached to the otic region  

Autostylic jaw suspension as in most vertebrates:-3 
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The platoquadrate articulates to the chondrocranium with 

processes. The hyomandibular takes no part in jaw 

suspension. Therefore, it is either very weak developed or it is 

completely absent in some forms. The palatoquadrate may be 

suspended by four processes: 

1-ethmoidal process from the anterior end of the platoquadrate 

and fused with the ethmoid region of the skull as in fishes and 

amphibia. 

2-ascending process is found in dipnoi and tetrapodes and 

becomes the epipterygoid bone, basal process articulates with 

process from the chondrocranium and found in 

elasmobranches, Dipnoi, primitive teleostomes and tetrapodes, 

and otic process attatches with the otic region and becomes the 

quadrate bone in tetrapodes. 
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Development of the osteocranium: 

In all vertebrates above cartilagenous fishes the skull is called 

osteocranium. After the formation of a well formed chondrocranium , 

the cartilage cells gradually transformed into osteoblasts or bone cells. 

Such transformation results in the formation of the cartilage bones or 

replacing bones that developed in the region of give rise to 

osteocranium. 
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Replacing or cartilage bones on the tetrapode skull: 

Replacing bones are formed in certain regions of ossification from 

chondrocranium which can followed in rings from the posterior to 

anterior. Cartilage bones arise also in the madibular and hyoid arches. 

 1) Replacing bones in cranium: 

a-Occipital bones or occipital ring: 

In the occipital region of skull, four bones ossify and surround the 

foramen magnum, these are : 

Supraoccipital, it is a single bone present above the foramen and 

arises from ossification of the tectum synoticum. 

Basioccipital, it is also a single bone found below the foramen 

magnum and arised from the ossification of the posterior part of the 

parachordal plate. 

Exoccipitals, these bones are two bones on both sides of  the foramen 

magnum and formed by ossification of the occipital arch.  

In modern Amphibia, the occipital ring is reduced being formed from 

only the exoccipitals and there are neither a supraoccipitals nor a 

basioccipital which were found in extinct amphibians.  

A processes appear in the occipital region called the occipitals 

condyles by which the skull articulates with the first vertebra or atlas 

vertebra of the vertebral column. 

In fishes, reptiles and birds there is a single occipital condyle, but in 

modern amphibians and mammls there are two accipital condyles . 

b-sphenoid bones or schenoid ring: 

Anterior to the occipital region, an ossification in the anterior part of 

the parachordal plate gives rise to the unpaired  basisphenoid bone. 
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Ossification of the trabicular plate gives rise to presphenoid bone 

which is also single bone. 

In the orbital cartilage region an ossification posteriorly forms the 

laterosphenoid bone and an ossification anterioly gives rise to the 

orbitosphenoid bone. 

c-Ethmoid bones or Ethmoid ring: 

Ossification of the internasal septum in front of the presphenoid leads 

to the formation of a mesthmoid bone. In mammls this bone extends 

vertically to form a complecated poly extension known as turbinals. In 

modern amphibia, a single ossification takes place in the 

orbitosphenoid region known as sphenethmoid bone. this leads to 

correspond to the presphenoid and the paired orbitosphenoids of 

mammals. 

2) Replacing bones in the sense capsules: 

a-otic or auditory capsules: 

the otic bones in teleosts are: preotic,epiotic,opisthotic, pterotic and 

sphenotic. In higher vertebrates there are only the first three bones. In 

Aves, the otic bones are fused together inta a single bone known as 

periotic. 

b-optic capsules: 

The optic capsules do not fuse with the cranium to allow free 

movement of the eyes. In reptiles and birds, ossification occurs in the 

optic capsule forming a ring of sclerotic bones. 

c-olfactory capsules: 

ossification in the walls of the nasal capsules gives rise to the 

Ectothmoids. Among higher vertebrates, the side walls of the capsules 

give rise to turbinals or conchae. 
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3) Replacing bones in the jaws: 

a-The upper jaw: 

In tetrapodes, most of the palatoquadrate cartilage degenerates. 

Osification occurs into the ascending process forming the 

apipterygoid bone (Alisphenoid bone in mammals) and into the optic 

process to form the quadrate bone. 

b- The lower jaw: 

An Articular bone ossifies into the posterior end of meckel's cartilage 

while the rest of the cartilage disappears or remains as a cartilage 

Articulation takes place between the quadrate and Articular bones 

except in mammals where articulation of the lower jaw to the skull 

takes place by the dentary of the lower jaw and the squamosal of the 

skull, since the quadrate transformes into the incus and the articular 

becomes the malleus in the middle ear of mammals. 

4) Replacing bones in the hyoid arch and gill arch: 

In tetrapodes, the hyomandibular part of the hyoid arch ossifies to form the 

columella of the middle ear of amphibia. The rest of the hyoid arch 

together with the gill arches, form the hyobranchial skeleton which consist 

of the hyoid apparatus and the cartilage of the larynx. 

 

 

Development of the dermatocranium: 

The dermatocranium comprises a series of bones which developed 

directly from mesenchymal cells of the mesoderm in the head region 

The newely formed bones are called the membrane, the covering or 

the dermal bones and when they formed sink gradually from the 

overlying skin and become closely fixed to the already formed 

cartilage or replacing bones of the osteocranium. Therefore, the 

dermatocranium is a new addition of skeletal elements over the 
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previosly well built osteocranium. After the Dermatocranium is 

completely formed, it consists of a strong units of closely fixed bones 

which can not be differentiation either they are cartilage bones or 

dermal bones. 

The typical Dermatocranium is the best shown in a fossile reptilian 

group known as cotylosauria and represented by Seymouria , and from 

this type, The skull of recent chelonia develop. 

In bony fishes, the covering or the dermal bones are first appear as 

large scales in the head region, the sinks gradually to the inside and 

become close to the osteocranium. These bones complete the roof and 

the side walls of the skull. 

The dermal bones in the primitive tetrapod skull can be classified 

into six groups: 

1-Median dorsal group: 

They are front anterior backwards: nasals, frontals, parietal and 

postparientals. 

2-Circus orbital group: 

These bones are formed around the orbit: lacrinal, prefrontal, 

postfrontal and postorbital. 

3-Temporal group: 

Along the parietal laterally and just behind the orbits, these dermal 

bones are formed , Intertemporal, Supratemporal, tubular and 

squamosal which found outside the temporal group. 

When this region possesses no foramen, the skull is called Anapsid 

skull as found in chelonia. 

4-maxillary group: 
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The dermal bones of the upper jaw which cover the palatoquadrate 

from the maxillary arch. These bones are from front backwards: 

premaxillae, maxillae, jugales and quadratojugals. 

5-palatal (the roof of mouth cavity)group: 

These dermal or covering bones are: prevomers(vomers), pterygoids 

and a single median parasphenoid. Laterally there are palatines and 

ectopterygoids. 

6-Mandibular group: 

On the outer side of the lower jaw these bones are: the dentary,s 

plenial, postsplenial, angular and suprangular. On the inner side of the 

jaw, these dermal bones are formed, prearticular, coronoid, 

intercoronoid and precoronoid. 

There are no dermal bones formed in the connection with either the 

hyoid arch or other the following gill arches. 

Skull of modern Amphibia: 

It is characterised by the great reduction in both cartilage and dermal 

bones. There are two exoccipital bones in the occipital region each 

exoccipital bone has an occipital condyl. the Basioccipital and 

Supraoccipital are not ossified. 

 

 

Skull of reptilia 

The skull of primitive reptiles resembles that of primitive amphibians. 

The openings of the primitive reptilian skull are also the nostrils, the 

orbits and the parietal foramen or the foramen magnum. This type of 

skull is called Anapsidian skull and this type of skull is found in 

distinct reptiles such as in Cotylosaurian group and still present in the 
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case of colonia. During the evolution of reptilian skull, fenestration 

occurred in the temporal region which found just behind the orbit. 

 

Parapsidian skull 

 which found in distinct reptilia such as inIchthyosaurian group 

contains an upper temporal fossa or the supra temporal fossa. This 

fossa are bounded laterally by the postorbital and squamosal. From 

this type of skull, the skulls of modern lizard were devolved.  

 

Diapsedian skull 

 which found in Rhynochocephalian group possesses two temporal 

fossae, the supra and the infera temporal fossae, between the upper 

and lower fossae, there are the postorbital and squamosal bones, 

forming the upper temporal arcade, while the arch lateral or ventral to 

the lower fossa is called the lower temporal arcade formed by the 

jugal and quadratojugal bones. From this type of skull, the skull of 

Aves is evolved  
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Synapsidian skull 

 Which found in distinct reptilia such as in Theromorphian group and 

in mammal- like reptiles (Therapsida), contains only the lower fossa 

or the infera temporal fossae which lies more ventral, this fossa is 

bounded laterally by jugal and quadratojugal bones, from this type of 

skull, the skull of mammals is evolved. 

 

  

 

 

 

Evolution of skulls of lizard and snake from the parapsidian type. 

The quadrate bones in the ancestral type are closely fixed from front 

and the squmosals from above and thus they are not movable in the 
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skull, such type of skull is known as Monicostylic type and from this 

type, the skull of lizards and snakes were developed.  

In lizards the structure of skull is similar to the ancestral type, in 

which there are complete cercum orbital group and jaw group and the 

temporal region contains the supra temporal fossa and postorbital and 

squanosal bones. But gradually reduction of the bones of upper jaw 

group takes place, this reduction occurs by a process of bony decay 

during evolution, this process is called emargination which results in 

the formation of reduced cavity in front of the quadrate. This cavity 

appears due to the complete disappearance of the quadratojugal and its 

enable the quadrate to move freely when the mouth open or mobile. 

The quadrate is now attached only by the squamosal and such type of 

the skull is known as Streptostylic type.  

In snakes, further emargination of bones takes place. In this 

ophidian the emargination of the quadratojugnal occurs and also 

extended upwards and forwards, in such away it becomes continuous 

with the supratemporal fossa from above and with the orbital from 

front. A large vacuole is formed in the skull and the quadratojugal 

and the postorbital completely disappear in addition the supra 

temporal bones and squamosal become reduced in size. The quadrate 

is very large and articulates ventrally with the 

articular of the lower jaw. This leads also to a more 

mobile quadrate and a more streptostylic type of the 

skull. Thus snakes can open their mouths very widly 

to swallow large sized preys and also the wall of 

pharynx contain certain muscles that can relax and 

delicates the pharynx in addition to the large teeth on 

the maxillae which they are called the poisonous 

fangs. 
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Evolution of skulls of Birds the Diapsidian type: 

The Diapsid reptilian skull possesses two temporal fossa and from this 

type the early avian skull is drived. The postorbital disappears in most 

birds and thus the supratomporal fossa becomes continous with the 

infra temporal fossa ventrally and with the orbit anteriorly. The upper 

temporal arcade is lacking and the two fossae are fused. Therefore a 

large cavity or vacuole appears in this region of the skull of all birds 

known as the orbit. 

The anterior part of the skull becomes elongated to form the back 

which it is considered as the expanded premaxlliae and dentaries of 

the upper and lower jaws. 

The foessil Avian skull carries teeth, a character which indicates it 

reptilian ancestors. 

In Gallus domesticus, the bones of the skull are greatly fused together. 

Due to the elongation of the anterior part of the skull the nostrile is 

shefted anteriorly and thus a new cavity arises interbetween it and the 

orbit called the preorbital fossa.  

The dorsomedian group of bones in Gallus possesses, the nasals which 

lie inbetween the nostrils in front and preorbital fossae behind and 

very large frontals which contain small processes supporting the 

posterior parts of the orbits known as the postorbital processes and 

behind the frontal lies the parietal.  

In the circum orbital group, the bones are highly reduced and is 

represents only by the lacrymal. The skull of Gallus possesses vertical 

orbitosphenoid bone separating the eye from the brain.  

The temporal group is also reduced being represented only by the 

squamosal and from it arises a process which meets the postorbital 

process forming the zygomatic process of squamosal. 
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In the upper jaw, the two premaxillae are fused together to form a 

single and elongated beak. The maxilla, quadratojugal  form as a 

slender rod of bone that bounds the orbit ventrally . 
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Evolution of skull of mammals from the synapsidian type 

 

During evolution to form the skull some modification such as 

reduction, fusion and translocation take place: 

1.  the anterior part of the skull is prolonged forward to form the 

snout. 

2. Post orbital and supra temporal disappear thus the orbit becomes 

confluent with the infra temporal fossa  

3. In the dorsomedian group of bones: 

- a new bone called interparietal is developed. 

4. The quadratojugal completely disappears and the quadrate 

become separated from the posterior region of the skull 

5. The articulation between the jaws occurs by the squamosal of 

the skull and the dentary of lower jaw 
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Circulatory System in Vertebrates 

In order to carry on vital life processes, all animals, from the simplest 

protozoans to the most complex vertebrates, required that 

1-Food absorbed through digestive tract and oxygen collected in 

respiratory organs, must be transported to all parts of the body 

continually, for metabolism 

2-Waste products of metabolism (Co2, nitrogenous wastes, etc.) must be 

transported from the sites of their productions to excretory organs for 

their quick elimination from body. 

3-Hormones from endocrine tissues, substances for maintaining 

homeostasis or constancy of internal environment, and providing 

immunity from diseases, must be conveyed to suitable sites for 

utilization. 

For these and other reasons, an adequate internal system for circulating 

nutrients and other materials throughout the body becomes necessary, 

called circulatory system. In one-celled body of protozoans, distribution 

occurs through cyclosis or streaming movements of cytoplasm. In simple 

and less active multicellular animals (Porifera Coelenterata, Helminthes, 

etc.) exchanges occur by simple diffusion between various adjacent parts 

of their bodies. But most higher invertebrates and vertebrates are large 

and active, with most body organs and tissues well removed from exterior 

or gut. For them, diffusion alone cannot suffice. Thus, they possess a 

well-developed circulatory system for rapid internal transport of gases, 

nutrients, wastes, etc. 
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Parts of Circulatory System 

Chordates have a completely closed circulatory system (Fig. 1), further 

distinguished into two systems, blood vascular and lymphatic, having 

parts as follows:-  

1-Blood vascular system. It consists of heart, arteries, veins, capillaries 

and blood, (i) Blood consists of fluid plasma and free cells or blood 

corpuscles, (ii) Heart is a modified blood vessel with muscular walls. It 

contracts periodically to pump blood through body, (iii) Arteries are 

blood vessels that cairy blood away from the heart (iv) Capillaries are 

minute tubes with thin walls in tissues, that connect the smallest arteries 

(arterioles) with the smallest veins (venules). (v) Veins carry blood 

towards heart from capillary networks. 

When blood flows through capillaries connected by arteries and veins, the 

blood vascular system is said to be 'closed', as in annelids and vertebrates. 

On the other hand, mollusc's and arthropods lack capillaries and have an 

'open' or 'lacunar' system. The blood pumped by their heart through blood 

vessels to various organs, passes through body spaces or sinuses 

comprising the haemocoel. 

2 -Lymphatic system. It occurs exclusively in chordates, except 

cyclostomes and cartilaginous fishes, and consists of lymph and lymph   

channels  

i) Lymph is the tissue fluid, lying between and bathing body cells. It is 

similar to blood plasma but lacks the red blood corpuscles and some 

proteins, (ii) Lymph capillaries forming a network of minute, blind-

ending channels, collect lymph. 

 (iii) Lymph vessels are larger thin-walled vessels formed by the union of 

lymph capillaries, and finally emptying into veins, (iv) Lymph nodes 

found only in mammals on lymph vessels, produce lymphocytes of blood 

and form an important link 
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in body's defense mechanism In cyclostomes and chondrichthyes no 

lymphatics are present but little sinusoids are found, representing the first 

stage of development Bony fishes and all tetrapodes are provides with 

lymphatic system. But as far as circulation is concerned, it is active in 

amphibian due to development of lymph heart. Lymphatic glands first 

appeared in reptiles and found in birds and mammals as well.  

Blood vascular system has undergone some striking changes during the 

evolution of vertebrates. These are mostly correlated with shift from gills 

to lungs as the site for external respiration during transition from water to 

land and with the development of an efficient, high pressure circulatory 

system necessary for an active terrestrial life. 

 

 

 

Fig. 1. Fundamental structure and parts of a typical mammalian 

circulatory 

system. 

of Evolution 

Heart in 
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Vertebrates 

In the embryo, two longitudinal endothelial tubes formed by mesenchyme 

in ventral mesentery below archenteron, fuse together to give rise to the 

heart. The vertebrate heart is built in accordance with a basic architectural 

plan (Fig. 2). It is a sac-like muscular organ comprising a series of 

chambers, that receives blood from veins and pumps it through arteries. 

 

I - Single-chambered heart 

Cephalochordata. In a primitive chordate, such as Branchiostoma, a true 

heart is lacking. Instead a part of ventral, aorta below pharynx becomes 

muscular and contractile. Some zoologists consider it as a single-

chambered heart. 

Progressive modifications of heart from primitive to higher chordates 

occurs on the following lines:  

1- Cardiac tube forms chambers due to constrictions 

2-Each chamber tends to divide into two separate chambers due to 

formations of partitions. 

3-Heart gradually shifts from just behind head (fishes, amphibians) near 

gills ' into thoracic cavity (amniotes) with elongation of neck and 

development of lungs. 

I I -2-Chambered, single circuit venous hearts 

Cyclostomes. Simplest conditions of vertebrate heart is seen in 

cyclostomes (ammocoete larva, lamprey, hagfish). It shows a linear series 

of 4 chambers: sinus venosus, atrium, ventricle and a small conus 

arteriosus, through which blood flows in that sequence. It is present in the 

common body cavity along with other visceral organs. 
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Elasmobranchs. Heart of a cartilaginous dogfish is typical and 

generalized for most fishes .It is a muscular and dorso-ventrally bent, S-

shaped tube consisting of 4 chambers arranged in a linear sequence. Of 

these, sinus venosus and conus arteriosus are accessory chambers. Only 

auricle and ventricle are true chambers so that heart is considered two-

chambered in fishes. Thin-walled sinus venosus receives venous blood of 

body 

through larger veins (common cardinal and hepatic), serves chiefly as a 

reservoir and opens anteriorly into atrium through the sino-atrial aperture 

guarded by a pair of valves. Atrium is large, thin-walled, elastic and 

muscular chamber lying dorsal to ventricle. It opens ventrally into 

ventricle through an atrio-ventricular aperture guarded by a pair of 

valves. Ventricle has very thick and muscular walls. It opens into a 

muscular tube of narrow diameter, the conus arteriosus, having a series of 

semilunar valves. All the valves of heart prevent back flow or 

regurgitation of blood. 

Heart of fishes is enclosed in a small pericardial cavity separated from 

general coelom by a transverse septum. In front of pericardial cavity, 

conus becomes continuous with the ventral aorta. In elasmobranchs, 

transverse septum is perforated by a pair of openings through which 

pericardial cavity communicates with coelom. 

Teleosts. Heart of bony fishes resembles in all respects that of 

elasmobranchs. In some Chondrostei (Polypterus) and 

Holostei(Lepidosteus), conus is fairly long with numerous valves. In 

Amia, conus and number of its valves are reduced. While in Teleostei, 

conus is much reduced, or even absent, as it fuses with ventricle and 

retains a single pair of semilunar valves Instead, the part of ventral aorta 

in contact with conus becomes greatly enlarged with thick muscular 

walls, and called bulbus arteriosus. It is elastic and in flates like a balloon 

when the ventricle contracts. 
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In fishes, heart is small, 2-chambered and with a single circuit of blood 

circulation. All blood passing only once through heart is non-oxygenated 

It is pumped into gills for aeration before distribution to body. Such a 

heart is termed a branchial or venous heart. 

 (Ill) 3-Chambered transitional hearts 

Dipnoi. Correlated with the shift from aquatic (gills) to terrestrial 

respiration (lungs), heart and aortic arches also become modified. Parallel 

with the systemic circulation, a new shorter pulmonary circulation 

develops so that aerated blood from lungs (or swim bladder), returns 

directly to the heart without making a detour of the whole body .Atrium 

of lung fishes (and most urodele amphibians) is divided by an incomplete 

inter-auricular septum, perforated by the foramen ovale, into right and 

left chambers or auricles .This results in a mixing of oxygenated blood 

received from lungs into left auricle, and deoxygenated blood from rest of 

body into right auricle. A partial partition also divides the ventricle, while 

a horizontal septum divides the conus of lung fishes into a dorsal and a 

ventral part. 

Amphibians. Amphibians heart (anurans) shows an advance over the 

piscine heart. Atwisting or curving results in dorsal atrium shifting 

anteriorly to ventricle. Similarly, sinus venosus opens into the right 

atrium dorsally instead of posteriorly. The inter-auricular septum is 

complete without foramen ovale. This keeps the oxygenated and 

deoxygenated bloods separate. Ventricle is undivided or single, but its 

thick muscular wall raised into trabeculae permitting only little mixing of 

the two bloods. In urodeles, conus is reduced and replaced by a bulbus, 

arteriosus. In anurans from left ventricle, on its anterolateral margins 

conus (or truncus) arteriosus arises which is prominent and divided by a 

spiral valve which directs deoxygenated blood into pulmonary vessels 

and oxygenated blood into systemic vessels. The lumen of conus 

arteriosus is called, pylangium is occupied by spiral valve (= septum 
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bulbf). This valve is very complicated in its disposition. It is attached to 

the walls of conus dorsally and free at other three faces. It divides the 

lumen of conus arteriosus into two chamber cavum pulmocutaneum and 

cavum aorticum. 

Reptiles. Heart of reptiles shows further improvement over that of 

amphibians. It becomes more strongly muscular. It shows two auricles 

and two ventricles. In most reptiles, ventricle is partially divided by an 

incomplete inter-ventricular septum, which reduces the mixing of 

oxygenated and deoxygenated blood. In crocodilians, this septum is 

complete thus making an effective 4-chambered heart, having two 

auricles and two ventricles. However, complete separation of oxygenated 

and deoxygenated blood is not achieved. The right and left systemic, 

aortae carrying arterial and venous bloods, respectively join to form the 

dorsal aorta in which the two bloods get mixed before distribution. 

Besides, a small opening, called foramen of panizza connecting the two 

aortae at their base, brings about some mixing of blood. In crocodiles 

foramen panizza becomes obliterated. A sinus venosus is present in all 

reptiles, large in turtles small in snakes and lizards, and distinct internally 

in crocodiles. Conus and ventral aorta of embryo become split in the adult 

into three distinct trunks-pulmonary and right and left systemic. 

Amphibian heart with only 3 major chambers (2 auricles, 1 ventricle), 

and reptilian heart with partially 4 chambers (2 auricles, 2 incomplete 

ventricles), permit a partial mixing of arterial and venous bloods before 

distribution. Thus, they represent transitional hearts showing a midway 

condition between 2-chambered heart of fishes with a single circulation 

and 4-chambered hearts of birds and mammals with double circulation 

and complete separation of arterial and venous bloods. 
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IV) 4-Chambered, double circuit) 

pulmonary hearts 

Birds and mammals. Birds and mammals have a completely divided 

ventricle, so that their heart is completely 4-chambered (2-auricles, 2 

ventricles), Left auricle receives aerated blood from lungs pours into left 

ventricle which pumps it to entire body through systemic circulation. 

Right auricle receives deoxygenated blood returning from body passes it 

to right ventricle which pumps it to lungs for reoxygenation. Thus there is 

double circulation in which there is no mixing of oxygenated and non-

oxygenated blood at all. Such a heart is known as a pulmonary heart. 

Sinus venosus is absent being completely incorporated into right auricle 

which directly receives two precavals postcaval. The union of sinus with 

right auricle in some cases is marked externally by a groove called sulcus 

terminalis and internally by a muscular ridge, crista terminalis which 

separates right auricular chamber (sinus venerum) from smaller ventral 

chamber (appendix auricular) .Similarly, the left auricle receives blood 

directly through pulmonary veins. Primitive conus arteriosus is 

completely replaced by a pulmonary aorta leaving the right ventricle for 

lungs, and a single systemic aorta leaving the left ventricle for body. All 

major vessels have valves basally at the point of exit from or entry into 

heart. Blood from the walls of the heart is brought to the auricle by means 

of coronary sinus in right atrium. The opening of the sinus is guarded by 

valves called coronary valve (= Thebsian valve). The inner surface of 

right auricle wall is marked by small depressions of Thebesian foramina 

in which fine veins directly pass the blood from atrial walls to right 

atrium. Although, interauricular septum is complete in adults but a fine 

depression, fossa ovalis is present which marks the site of foramen ovale. 

The fossa ovalis is surrounded by a prominent ridge annulus ovalis. 
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Modifications of 

Aortic Arches in Vertebrates 

Basic embryonic plan. In a typical vertebrates embryo, the major arterial 

channels include a ventral aorta, a dorsal aorta and usually 6 pairs of 

aortic arches connecting ventral aorta with the dorsal aorta (Fig. 3). Blood 

leaves the heartomplexity of heart on account of a shift from gill 

respiration to lung respiration. The modifications mainly concern the 

aortic arches which undergo a progressive reduction in number from 

lower to higher vertebrates 

Primitive vertebrates. In Branchiostoma (amphioxus), nearly 60  nearly 

60 pairs of aortic arches are  present, connecting the ventral and dorsal 

aortae  .In Petromyzon, 7 pairs of aortic arches are found .In other 

cyclostomes the number varies from 6 (Myxine) to 15 pairs (Eptatretus). 

Fishes. The primitive elasmobranch 

Heptanchus) has 7 pairs of aortic arches. Most of the fish embryos 

present primitive plan with 6 or more pairs of aortic arches, each passing 

through a gill. But, in adult condition, the number is reduced to 4 or 5. In 

most sharks (elasmobranchs), only 5 pairs (II, III, IV, V, and VI) are 

functional. The first gill it forms the spiracle which is non-functional as a 

gill. Accordingly the first arch (mandibular) is absent or represented by 

an efferent pseudobranchial artery. In most teleosts or ony fishes, I and II 

arches tend to disappear, so that only 4 pairs (III, IV, V and VI) remain 

functional. In Polypterus and lungfishes (Dipnoi) gills are poorly 

developed, so that a pulmonary artery arises from the efferent part of the 

VI arch on each side and supplies blood to the developing air bladder or 

lung. In Protopterus, the III and IV embryonic arches are uninterrupted by 

gill capillaries. 
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In elasmobranchs and lungfishes, each arch forms one afferent and two 

efferent arteries (by splitting) in each gill. In teleosts or bony fishes each 

gill has one afferent and one efferent artery in tetrapods, true internal gills 

are absent so that aortic arches do not break up into afferent and efferent 

arteries. I and II arches totally disappear in all tetrapods. 

Amphibians. With the introduction of lungs as main respiratory organs 

and the diminishing importance of gills, the aortic arches of amphibians 

show a modification from those of fishes. 

Urodeles or the tailed amphibians live in water and retain external gills 

permanently in addition to lungs. Accordingly, their aortic system shows 

only partial shift from condition in fishes. 4 pairs of arches (III to VI) are 

usually present although in some forms (Necturus, Siren, Amphiuma), V 

arch is incomplete, reduced or absent. Thus tailed amphibians show 

transition from 4 to 3 pairs of aortic arches. Ill arch forms the carotid 

arches, IV the systemic arches. The radix or lateral aorta between III & 

IV arches may persist as a vascular connection termed ductus caroticus. 

VI arch on either side becomes the pulmocutaneous artery or arch, 

supplying blood to skin and lungs. However, it also retains connection 

with radix aorta called ductus Botaili or ductus arteriosus. 

 In the larval stage of an anuran or tailles 

amphibian, such as frog tadpole, arrangement of aortic arches is similar to 

an adult urodele, due to gill respiration. At metamorphosis, with loss of 

gills, aortic arches I, II and V disappear altogether Ductus caroticus also 

disappears so that the III or carotid arch takes oxygenated blood only to 

head region. IV or systemic arch on each side continues to dorsal aorta to 

distribute blood elsewhere except head and lungs. Ductus arteriosus also 

disappears so that VI or pulmocutaneous arch supplies venous blood 

exclusively to lungs and skin for purification. Thus, adult anurans exhibit 

only 3 functional arches, (III, IV and VI) which are also retained by the 

amniotes or higher vertebrates. 
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 Reptiles. Reptiles are fully terrestrial 

vertebrates in which gills disappear altogether and replaced by lungs. 

Only 3 functional arches (III, IV and VI) are present.  But elongation of 

neck, posterior shifting of heart and partial  division of ventricle 

brings about certain innovations in the aortic system. 

1-Entire ventral aorta and conus split forming only 3 trunks-two aortic or 

systemic and one pulmonary 

2- Right systemic arch (IV) arises from left ventricle carrying oxygenated 

blood to the carotid arch (HI) to be sent into head 

3-Left systemic arch (IV) leads from right ventricle carrying 

deoxygenated or mixed blood to the body through dorsal aorta 

4-Pulmonary trunk (VI) also emerges from right ventricle carrying 

deoxygenated blood to the lungs for purification 

5-Ductus caroticus and ductus arteriosus are absent. But, ductus caroticus 

is present in certain snakes and lizards (Uromasitx), ductus arteriosus in 

some turtles, and both in Sphenodon. Reptiles also remain cold-blooded, 

like amphibians and fishes, due to mixing of blood. 

Birds and mammals. Birds and mammals are warm-blooded because in 

both the ventricle is completely divided so that there is no mixing of 

oxygenated and unoxygenated bloods. As usual, 6 arches develop in the 

embryo, but only 3 arches III, IV, VI) persist in the adult. Other features 

are as follows 

)1-Ventral aorta is replaced by two independent aortae or trunks-systemic 

and pulmonary. 

2-Arch IV is represented by a single systemic aorta, right in birds and left 

in mammals emerging from left ventricle and carrying oxygenated blood. 

Uniting with the radix aorta of its side it forms the dorsal aorta. 
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3-The only remaining part of the other lost systemic arch is represented 

by a subclavian artery, on left side in birds and on right side in mammals 

4-Arch III with remnants of lateral and ventral aortae represents carotid 

arteries, which arise from systemic aorta. 

5-Arch VI forms a single pulmonary trunk taking deoxygenated blood 

from right ventricle to the lungs. 

6-Embryonic ductus caroticus and ductus arteriosus also disappear. The 

latter closes but persists until hatching or birth in some cases as a thin 

ligament of Botalli or ligamentum arteriosum. 
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Venous System 

Deoxygenated or venous blood from different parts of the body is 

returned to the heart via veins. Like arteries, the veins of all vertebrates 

also follow a basic pattern or fundamental plan. 

I) Embryonic veins) 

The venous system in early embryonic life of all vertebrates is relatively 

simple, similar and in accordance with the basic pattern. Most of the 

veins are paired and symmetrically arranged. The major basic embryonic 

veins include: (i) Cardinals (anterior, posterior, and common cardinal or 

ductus) 

Cuvieri), (ii) lateral abdominal, (iii) vitelline (iv) subintestinal, and (v) 

caudal. 

II] Modifications of veins in vertebrates 

Modifications in adult vertebrates occur by either deletions or additions 

of some veins to the basic embryonic pattern (Fig. 5). Modifications are 

few in elasmobranchs but more numerous in tetrapods. In vertebrates, 

veins can be arranged in three 

distinct categories- systemic or somatic, renal portal and hepatic portal. A 

fourth category of pulmonary veins and postcaval veins in added in 

lungfishes and tetrapods. 

1-Systemic veins. Systemic or somatic veins collect blood from all parts 

of the body and empty into sinus venosus of the heart 

a) Elasmobranchs. In adult cartilaginous fishes (dogfish), venous system 

is almost a blueprint of the basic architectural plan of the embryo. A few 

larger veins expand to form thin-walled sinuses. Blood from head and 

posterior region of body is collected by large, paired anterior and 

posterior cardinal veins respectively .On either side they open into the 
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common cardinalor ductus Cuvieri, that passes inwards through 

 transverse septum to enter the sinus venosus of 

heart. In fishes and salamanders, an inferior jugular vein also collects 

blood on either side from ventral part of head to join the common 

cardinal. In embryo, posteriorly, the two posterior cardinal veins remain 

continuous with a caudal vein collecting blood from tail. Each 

posteriorcardinal, or postcardinal, runs anteriorly along the outer margin 

of kidney, draining it through a series of renal veins, before joining the 

common cardinal. In adult dogfish, the old postcardinals become 

interrupted near anterior ends of kidneys .Instead new postcardinals 

(earlier subcardinal channels) develop along the inner margins of kidneys 

which they drain. 

Blood from lateral wall and pelvic fin on either side is returned through a 

ventral or lateral abdominal vein. It receives a branchial vein from 

pectoral fin forming a short subclavian vein enters the common cardinal 

of its side. Abdominal veins are absent in bony fishes or teleosts. In some 

lungfishes (Neoceratodus), two abdominals fuse to form a single ventral 

abdominal vein which terminates into sinus venosus. Blood from liver is 

taken to sinus venosus through a pair of hepatic veins or sinuses. 

 Tetrapods. Embryonic tetrapods also 

exhibit anterior, posterior and cardinal veins. In adult tetrapods, anterior 

cardinals persist as the internal jugular veins. The inferior jugular veins 

are absent. Common cardinals become the anterior venae cavae or 

precavals which join sinus venosus amphibians, reptiles) or directly enter 

the right auricle of heart (birds, mammals) when a sinus venosus is 

lacking. In some mammals, (man, cat) left precaval disappears, so that 

blood of left side enters right precaval through a branchiocephalic vessel. 
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 In amphibians, two embryonic ventral or 

anterior abdominal veins become fused in the adult to form a single 

median ventral abdominal vein But it terminates anteriorly into liver and 

no longer drains the forelimbs. In reptiles, abdominal veins remain paired 

throughout life and also 

terminate into liver. They remain connected anteriorly with the hepatic 

portal system, and posteriorly with the renal portal system by (external 

iliac). In birds, they are modified into 

epigastric and coccygeo-mesenteric veins. In mammals, abdominal veins 

are absent except in spiny anteater (Tachyglossus) 

In air-breathing vertebrates, pulmonary veins drain the lungs and enter 

the left auricle. In lungfishes and amphibians, right and left vessels unite 

to form a common pulmonary vein opening into right auricle 

2-Renal portal system. Blood collected from capillaries in different parts 

of body is returned directly to the heart through systemic veins and their 

tributaries. However, in some cases, the returning blood is forced to run 

through a secondary capillary network in kidneys or liver before being 

sent to the heart. This is called portal circulation. The vein carrying blood 

from one set of capillaries to another is termed a portal vein All the 

constituents in a portal circulation together form a portal system, named 

after the organ of body having the secondary capillary' network. Two 

portal systems exist in vertebrates: (i) renal portal and (ii) hepatic portal. 

Renal portal system is not universally present in all vertebrates. 

Cyclostomes have no renal portal system. In vertebrates embryos, caudal 

vein trifurcates anteriorly into a subintestinal and two postcardinal veins, 

(basic pattern). In fishes, connection of caudal vein with subintestinal is 

lost, while the anterior parts of postcardinals are suppressed. As a result, 

the persistent posterior parts of postcardinals become renal portal veins 

which pour all blood from tail into kidneys through afferent renal veins. 

Inside kidneys, they contribute blood to the capillary network. 
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surrounding the mesonephric tubules, but never to the glomeruli. Thus 

renal portal system drains only the tail in fishes. 

In amphibians and reptiles, an external iliac vein connects the renal portal 

and abdominal veins, so that the renal portal system drains the tail as well 

as the hind limbs. In tailless amphibians or anurans (frog), it drains only 

hind limbs, while in snakes, having no limbs, it drains only the tail. In 

Necturus, renal portal vein is directly continuous with postcardinal, as in 

the basic pattern. 

In crocodilians and birds, renal portal system is degenerate and bypasses 

the kidneys. Only a very little venous blood enters the capillaries in 

kidneys while most blood from tail and hind limbs passes nonstop 

through kidneys and leads directly into the postcaval. In mammals, renal 

portal system is completely absent, except in monotremes, since blood 

from tail and hind limbs is drained solely by the postcaval. 

3-Hepatic portal system. Hepatic portal system is of universal occurrence 

and essentially similar in all vertebrates. In the embryo, the firstvenous 

channels to form are a pair of vitelline veins (basic pattern) arising from 

the yolk sac or midgut to enter the sinus venosus of heart. Caudal vein 

from tail is continued forward beneath the digestive tract as a 

subintestinal vein, which usually joins the left vitelline vein. As liver 

develops, vitelline veins unite together forming a single hepatic portal 

vein in lesser omentum. The subintestinal vein also loses connection with 

caudal vein to become a part of hepatic portal system. It drains different 

parts of digestive tract (yolk sac, stomach, intestine, etc.), its various 

derivatives (pancreas, gall bladder, rectal gland etc.) and spleen, and 

passes it on to the sinusoids in liver. In adult sharks, vitelline veins 

remain paired and form hepatic sinuses 

 

, 
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Urinogenital System in Vertebrates 

Urinary system of vertebrates includes kidneys and their ducts, while 

reproductive system includes male and female gonads and their ducts. 

Kidneys excrete harmful metabolic nitrogenous wastes and regulate the 

composition of body fluids, while reproductive organs perpetuate the 

species. Thus kidneys and gonads remain functionally unrelated 

.However, the two systems are intimately related morphologically in 

vertebrates because the male urinary ducts are also used for discharging 

gametes. For this reason, it is more convenient to treat and describe the 

two systems together as the urogenital or urinogenital system. 

 

Vertebrate Kidneys and Ducts 

1-Basic structure and origin. Vertebrate kidneys are a pair of compact 

organs, lying dorsal to coelom in trunk region, one on either side of 

dorsal aorta. They are all built in accordance with a basic pattern. Each 

kidney is composed of a (Z=3) large number of units called uriniferous 

tubules or nephrons. Their number, complexity and arrangement differ in 

different groups of vertebrates .Kidney tubules arise in the embryo in a 

linear series from a special part of mesoderm called mesomere or 

nephrotome (Figs. 1, 5 & 6). It is the ribbon-like intermediate mesoderm, 

running between segmental mesoderm (epimere) and lateral plate 

mesoderm (hypomere) on either side along the entire trunk from heart to 

cloaca. A uriniferous tubule is differentiated into three parts: peritoneal 

funnel, tubule and Malpighian body. 

a) Peritoneal funnel near the free end of a uriniferous tubule is a funnel-

like ciliated structure called peritoneal funnel. It opens into coelom 

(splanchnocoel) by a wide aperture, the) 

coelomostome or nephrostome, for draining wastes from coelomic fluid. 

Nephrostomes are usually confined to embryos and larvae and considered 

vestiges of a hypothetical primitive kidney. 
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Fig. 1. Structure of an embryonic kidney 

tubule. 

 

 

 

 

 

 

Fig. 2. Hypothetical primitive ancestral 

vertebrate kidney or archinephros. 
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(b) Malpighian body. A tubule begins as a blind, cup-like, hollow, 

double-walled Bowman's capsule. It encloses a tuft of blood capillaries 

called glomerulus. It is supplied blood by a branch of renal artery, called 

afferent glomercular arteriole. An efferent glomerular arteriole emerges 

out of glomerulus to join the capillary network surrounding the tubule. 

Bowman's capsule and enclosed glomerulus together form a renal 

corpuscle or Malpighian body. Encapsulated glomeruli are termed 

internal glomeruli which are common. Those without a capsule and 

suspended freely in coelomic cavity are called external glomeruli 

(embryos and larvae).Capsules without glomeruli are termed aglomerular, 

such as found in embryos, larvae and some fishes. 

 

 (c) Tubule. Malpighian bodies filter water salts and other substances 

from blood. During passage through tubules more substances are secreted 

into filtrate, while some are reabsorbed. 

All the tubules of embryonic kidney are convoluted ductules that conduct 

the final filtrate to a longitudinal duct which opens behind into mbryonic 

cloaca 

2-Archinephros. Archinephros is the name given to the hypothetical 

primitive kidney of ancestral vertebrates (Fig. 2). It may be regardedas a 

complete kidney or holonephros as it extended the entire length of 

coelom. Its tubules were segmentally arranged, one nephron for each 

body segment. Each tubule opened by a peritoneal funnel or nephrostome 

into coelom. Near each nephrostome was suspended in coelom an 

external glomerulus (without capsule). All the tubules were drained by a 

common longitudinal Wolffian or archinephric duct opening behind into 

cloaca. 
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Such a hypothetical archinephros is found today in the larVae of certain 

cyclostomes (Myxine), but not in any adult vertebrate. It   

supposed to have given rise to all the kidneys of later vertebrates during 

the course of evolution .Modern vertebrates exhibit three different kinds 

of adult kidneys : pronephros, mesonephros and metanephros. It is 

supposed that these represent the sequence or three successive stages of 

(z-3) development of the ancestral archinephros, and all the three are 

never functional at the same time. 

3- Pronephros. In the embryos of all vertebrates, the first kidney tubules 

appear dorsal to the anterior end of coelom, on either side .These are 

called pronephros as they are first to appear (Fig. 3). Pronephros is also 

termed head kidney due to its anterior position immediately behind the 

head. A pronephros consists of 3 to 15 tubules segmentally arranged, one 

opposite each of the anterior mesodermal somites. There are only 3 

pronephric tubules in frog embryo, 7 in human embryo and about a dozen 

in chick embryo. Each tubule opens into coelom by a funnel or 

nephrostome. Also projecting into coelom near each tubule and not 

connected with it is an external or naked glomerulus without capsule. In 

some cases, glomeruli unite to form a single compound glomerulus, 

called glomus. Glomus and tubules become surrounded by a large 

pronephric (z-3) chamber derived from pericardial or paraperitoneal 

cavity. Originally each tubule has its individual external aperture, but 

secondarily, all tubules of a pronephros open into a common pronephric 

duct, leading posteriorly into the embryonic cloaca. 

Pronephros is functional, if at all, only in embryonic or larval stage. It is 

mostly transitory and soon replaced by the next stage or mesonepliros. 

However, a pronephros is retained throughout life in adult cyclostomes 

and a few teleost fishes, but it is nonurinary and mostly lymphoidal in 

function. 
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4-Mesonephros. In the embryo, a mesonephros develops from the middle 

part of intermediate mesoderm, posterior to each pronephros soon after its 

degeneration (Fig. 4). At first, the new mesonephric tubules join the 

existing pronephric duct and are segmentally disposed Later on the 

tubules multiply by budding so that their segmental arrangement is 

disturbed due to increased number of tubules per segment. Tubules of 

pronephros and mesonephros develop similarly and are homologous. 

However, mesonephros is functionally better than pronephros because 

mesonephric tubules are more numerous, longer and develop internal 

glomeruli enclosed in capsules forming Malpighian bodies. Thus, they 

remove liquid wastes directly from glomerular blood rather than 

indirectly from coelomic fluid as in case of a pronephros. The 

mesonephros is also termed Wolffian body. With disappearance of 

pronephros, the old pronephric duct becomes the Wolffian or 

mesonephric duct. In amniotes (reptiles, birds and mammals 

mesonephros is functional only in the embryos replaced by metanephros 

in the adults. In fishes and amphibians, mesonephros is functional both in 

embryos as well as adults. In sharks and caecilians, tubules extend 

posteriorly throughout the length of coelom. Such a kidney is sometimes 

called a posterior kidney or opisthonephros whereas in adult anurans, 

urodeles and embryonic amniotes, the mesonephros does not extend 

posteriorly. Mesonephric kidney is not metamerie, but in myxinoids it is 

segmental and sometimes called a holonephros. Nephrostomes are 

generally lacking in mesonephros of embryonic amniotes. 
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Fig. 3. Encapsulated pronephric kidney of 15 mm. frog larva 
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Fig. 4. Diagrammatic plan of pronephros, mesonephros and metanephros in 

vertebrates          

 

 

Fig. 5. Evolution of kidney in vertebrate 
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5-Metanephros. The functional kidney of higher vertebrates or amniotes 

is a metanephros. It is formed from the posterior end of the nephrogenic 

mesoderm which is displaced somewhat anteriorly and laterally. When 

metanephric tubules develop, all the mesonephric tubules disappear 

except those associated with the testis in male and forming vasa 

efferentia. The adult kidney (metanephros) of amniotes differs from that 

of anamniotes (mesonephros or opisthonephros) chiefly in: 

(1) Its origin from only caudal end of nephrogenic mesoderm. 

(2) In greater multiplication and posterior concentration of nephrons or 

tubules. They are particularly very large in number and highly convoluted 

in birds and mammals, hence the large size of kidney. It is estimated that 

each kidney of man is composed of about 1 million nephrons. The high 

rate of metabolism yields a large amount of wastes to be excreted. 

4-In developing a new urinary duct, called metanephric duct or ureter. It 

is budded off from the base 'of the Wolffian duct(mesonephric duct). It 

grows anteriorly and dorsally, and eventually the metanephric tubules 

open into it. Its dilated distal tip forms pelvis which forks several times to 

become the collecting tubules. Its proximal portion becomes the 

metanephric duct or ureter that empties into cloaca or urinary bladder in 

mammals. 

4-The mammalian metanephros shows greatest organization of all, with 

several additional features. A thin, U-shaped loop of Henle forms 

between proximal and distal convolutions of a metanephric tubule. Such 

loops are absent in reptiles and rudimentary in birds. Kidney shows an 

outer cortex with 

 concentration of renal corpuscles, and an inner medulla having 

collecting tubules and loops of Henle, which are aggregated intoone or 

several pyramids tapering into pelvis .Mammalian kidneys do not receive 

afferent venous blood supply as there is no renal portal system. 
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Urinary Bladders 

Most vertebrates have a urinary bladder to store urine before it is 

discharged. However, it is lacking in cyclostomes, elasmobranchs, some 

lizards, snakes, crocodilians and most birds. In most fishes it is simply a 

terminal enlargement of mesonephric ducts and called a tubal bladder. In 

Dipnoi, it evaginates from dorsal wall of cloaca and is probably 

homologous to the rectal gland of elasmobranchs. In tetrapods, it 

evaginates from the ventral wall of cloaca. In amphibians, it is termed a 

cloacai bladder. In amniotes, the adult bladder is derived from the 

proximal part of embryonic allantois, hence called an allantoic bladder. 

Kidney ducts or ureters generally open dorsally into cloaca. But in 

mammals, except monotremes, the ureters lead directly into the urinary 

bladder which opens to outside through a short tube, the urethra. 

Mammals lack a cloaca as the dorsal part of embryonic cloaca forms the 

rectum and the ventral part becomes the urethra. 

Gonads and their Ducts 

Reproduction is sexual in vertebrates, and the sexes are separate 

(dioecious) with the exception of hagfishes and a few bony fishes having 

a hermaphrodite gonad. Reproductive glands or gonads of males are 

called testes which produce the male gametes called sperm. Female 

gonads are called ovaries which produce ova. In the embryo gonads 

originate as a pair of thick elevated folds or genital ridges of coelomic 

epithelium from the roof of coelom, one on either side of the dorsal 

mesentery. Genital ridges are much longer than the functional adult 

gonads, suggesting that in the ancestral vertebrates the gonads extended 

the whole length of the pleuroperitoneal cavity. The functional adult 

gonad is derived from the middle or gonal part of genital ridge, while its 

anterior progonal and posterior epigonal parts remainsterile. Gonads 

remain suspended in coelom from dorsal bodywall by a fold of dorsal 

mesentery  called mesorchium in males and mesovarium in females. 

Generally, one pair of gonads is present But, some vertebrates have a 
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single gonad only because of either fusion of both embryonic genital 

ridges (most cyclostomes, perch and some otherfishes), or degeneration 

of one juvenile gonad (hagfishes, some elasmobranchs and lizards 

alligators and most birds). Associated with the gonads are special 

gonoducts or genital ducts, vasa deferentia in males and oviducts in 

females, to transport gametes to cloaca or to outside body .However, 

cyclostomes and a few elasmobranchs lack genital ducts. Their eggs and 

sperm escape body cavity via abdominal pores. 

 

 

 

FEMALE   

ANAMNIOTES MALE 

ANAMNIOTES 
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FEMALE 

AMNIOTES     MALE 

AMNIOTES 

 

 .1-Testes and male genital ducts. Testes of vertebrates are paired 

organs of moderate size usually found attached to kidneys. Each testis is a 

compact gland, covered by coelomic epithelium and composed of 

numerous highly coiled seminiferous tubules embedded in connective 

tissue. Tubules are lined by germinal epithelium which gives rise to 

billions of sperm. On maturity the sperm are set free in the lumen of 

tubules and move towards the genital ducts. 

Some Cyclostomes have a single median testis without a genital duct. 

Sperms are released in the coelom from where they pass through 

abdominal pore, located at posterior part of coelom. In dogfish, the two 

testes are elongated bodies. In most anamniotes, the opisthonephros (or 

mesonephros) is differentiated into anterior genital and posterior renal 

portions. In the anterior genital portion in males, some uriniferous tubules 

lose excretory function, form slender vasa efferentia and become 

continuous with seminiferous tubules of the adjacent testis. They serve to 
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convey sperm of testis to the mesonephric duct of kidney. Thus in male 

anamniotes, mesonephric or wolffian duct forms a urinogenital duct, 

serving both as a vas deferens for sperm as well as a ureter for urine 

However, in many elasmobranchs (e.g. dogfish) accessory urinary ducts 

drain urine from kidney to cloaca so that the mesonephric duct serves 

entirely or mainly as a vas deferens. The anterior genital part of kidney 

along with the part of mesonephric duct forms an epididymis. 

In the embryos of Anura, each testis is made of two portions. In male 

frog, the anterior portion disappear and the posterior portion becomes the 

adult functional testis. In adult male toad, the anterior portion also 

persists as the Bidder's organ containing large cells similar to immature 

ova. 

In male amniotes, a metanephros develops as the adult functional kidney 

with its own urinary duct or ureter to transport urine. Thus mesonephric 

or Wolffian duct becomes solely a genital duct or vas deferens. The 

remnants of embryonic mesonephros and a coiled portion of mesonephric 

duct become the epididymis of the adult kidney. From each testis sperms 

pass first through epididymis, then through vas deferens to reach urethra. 

In most mammals testes descend permanently into extra-abdominal skin 

bags called scrotal sacs In rabbits, bats and rodents, they are lowered into 

sacs and retracted at will. Passage between abdominal cavity and scrotal 

sac, through which tfestis descends, is called inguinal canal. However 

some mammals such as monotremes, insectivores elephants, whales, etc., 

lack scrotal sacs so that their testes remain permanently intra-abdominal 

like ovaries. 

3-Copulatory organs. Copulatory organs are absent in anamniotes, since 

they have usually external fertilization. But, in amniotes, fertilization is 

internal, and preceded by copulation or mating .Male amniotes usually 

develop intromittant or copulatory organs for transferring sperm into the 

genital tract of females, during copulation. They are particularly 

characteristic of reptiles and mammals. 
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In elasmobranchs (e.g. dogfish), bases of pelvic fins are modified as 

intromittant organs called claspers. These are grooved, cylindrical 

structures that are inserted into the female cloaca to inject sperm. In dog, 

fishes and some allied forms there is blind muscular sac called siphon 

located at the base of claspers. This sac gets filled] with sea water which 

is used to force the spermatic fluid into the cloacae of female. In several 

teleosts, the anal fin is modified as a gonopodium for sperm transport. It 

is modification of anal fin. Snakes and lizards have a pair of retractile, 

grooved and sac-like hemipenes which can be everted through cloaca. 

Their retraction is controlled by modified body wall musculature. 

Turtles, crocodilians, some birds (drakes, ganders,ostriches) and 

prototherian mammals have an unpaired, grooved and erectile penis 

formed as a thickening of cloacal floor. Only higher mammals have a true 

external, erectile penis with a tubular groove continuous with a spongy 

urethra. A series of accessory sex glands associated with penis secrete a 

fluid in which sperm are carried. 

 

 

3-Ovaries and female genital ducts. In female anamniotes, ovaries are 

large, occupying much of the body cavity and produce thousands of eggs 

as fertilization is external. In amniotes ovaries produce fewer eggs 

because fertilization is internal. Ovaries of reptiles and birds are still large 

and the eggs produced contain much yolk .However, mammalian eggs 

contain very little yolk so that their ovaries also remain quite small. 

Ovaries are generally paired structures, but only a single median ovary 

occurs in cyclostomes as also in some teleosts (e.g. perch). They are not 

attached to kidneys like testes in the males. Only the right ovary is 

functional in many elasmobranchs, whereas only the left ovary becomes 

mature in birds and some primitive mammals (e.g. Ornithorhynchus). 

Histologically, an ovary is a mass of connective tissue with an outer layer 

of germinal epithelium showing ova in various stages of development. 
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Ovaries are hollow and saccular in fishes and amphibians but compact in 

amniotes especially in mammals, in which each ovum is surrounded by a 

follicle. Mature eggs are released either internally into the central ovarian 

cavity (teleosts) which is continuous with the lumen of the oviduct, or 

extruded externally into the surrounding coelom or bodycavity 

(Tetrapoda). This process is termed ovulation. In all vertebrate embryos, 

except cyclostomes the coelomic epithelium on the outside of 

mesonephric duct develops a groove which becomes closed to form a 

tube called Mullerian duct. In adult males, Mullerian duct becomes 

vestigial and functionless. In adult females, it grows larger and becomes 

the female genital duct or oviduct. It opens anteriorly into coelom, in the 

region of degenerating pronephros, by a coelomic funnel or ostium, and 

terminates posteriorly into cloaca. In female elasmobranchs, the 

Mullerian duct is formed differently by the longitudinal splitting of the 

pronephric duct. Thus, in adult female anamniotes, both the Mullerian 

duct (oviduct) and the Wolffian duct (mesonephric or urinary duct) are 

present. But, in adult female amniotes, with the development of adult 

metanephros and its metanephric duct or ureter mesonephros and its duct 

(Wolffian duct) degenerate leaving only vestiges known as provarium. 

In viviparous mammals, posterior ends of both the Mullerian ducts 

become fused and are modified into a uterus in which the embryos 

develop, and a vagina which receives the male intromittant organ during 

copulation. The remaining anterior parts or oviducts are relatively short, 

narrow and convoluted and called the fallopian tubes. Condition of uteri 

varies in different mammals. When uteri remain double without fusion, it 

is called duplex uterus (marsupials). When uteri partially fuse so as to 

form two horns and two separate lumens inside, it is called bipartite 

uterus (hamster, rabbit). When there are two horns but a single internal 

cavity it is termed bicornuate uterus (ungulates). When uterine horns are 

absent and both uteri fuse completely with a single internal cavity, it is 

termed simplex uterus (Primates, some bats, armadillos). 
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Evolution 

Evolution is the process of change in all forms of life over 

generations, and evolutionary biology is the study of how evolution 

occurs.  

Simple overview 

The main ideas of evolution may be summarized as follows: 

 Life forms reproduce and therefore have a tendency to become 

more numerous. 

 Factors such as predation and competition work against the 

survival of individuals. 

 Each offspring differs from their parent(s) in minor, random 

ways. 

 If these differences are beneficial, the offspring is more likely to 

survive and reproduce. 

 This makes it likely that more offspring in the next generation 

will have beneficial differences and fewer will have detrimental 

differences. 

 These differences accumulate over generations, resulting in 

changes within the population. 

 Over time, populations can split or branch off into new species. 

 These processes, collectively known as evolution, are 

responsible for the many diverse life forms seen in the world. 

History of evolutionary thought 

The idea of biological evolution has existed since ancient times, 

notably among Hellenists such as Epicurus and Anaximander, but the 

modern theory was not established until the eighteenth and nineteenth 

centuries, by scientists such as Jean-Baptiste Lamarck and Charles 

Darwin. While transmutation of species was accepted by a sizeable 

number of scientists before 1859, it was the publication of Charles 

http://www.newworldencyclopedia.org/entry/Epicurus
http://www.newworldencyclopedia.org/entry/Anaximander
http://www.newworldencyclopedia.org/entry/Jean-Baptiste_Lamarck
http://www.newworldencyclopedia.org/entry/Charles_Darwin
http://www.newworldencyclopedia.org/entry/Charles_Darwin
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Darwin's The Origin of Species that provided the mechanism of 

natural selection as the means by which evolutionary change occurs. 

Darwin was motivated to publish his work after receiving a letter from 

Alfred Russel Wallace, in which Wallace revealed his own concept of 

natural selection. 

Darwin's theory could not explain the source of variation in traits 

within a species, and Darwin's proposal of a hereditary mechanism 

(pangenesis) was not compelling to most biologists. It was not until 

the late nineteenth and early twentieth centuries that these 

mechanisms were established. 

When Gregor Mendel's work regarding the nature of inheritance in the 

late nineteenth century was "rediscovered," it led to a storm of conflict 

between Mendelians (Charles Benedict Davenport) and biometricians 

(Walter Frank Raphael Weldon and Karl Pearson), who insisted that 

the great majority of traits important to evolution must show 

continuous variation that was not explainable by Mendelian analysis. 

Eventually, the two models were reconciled and merged, primarily 

through the work of the biologist and statistician R.A. Fisher. This 

combined approach, applying a rigorous statistical model to Mendel's 

theories of inheritance via genes, became known in the 1930s and 

1940s as the modern evolutionary synthesis. 

In the 1940s, Oswald Avery, Colin McCleod, and Maclyn McCarty 

definitively identified deoxyribonucleic acid (DNA) as the 

"transforming principle" responsible for transmitting genetic 

information. In 1953, Francis Crick and James Watson published their 

famous paper on the structure of DNA, based on the research of 

Rosalind Franklin and Maurice Wilkins. These developments ignited 

the era of molecular biology and transformed the understanding of 

evolution into a molecular process: the mutation of segments of DNA. 

http://www.newworldencyclopedia.org/entry/Alfred_Russel_Wallace
http://www.newworldencyclopedia.org/entry/Gregor_Mendel
http://www.newworldencyclopedia.org/entry/Modern_synthesis
http://www.newworldencyclopedia.org/entry/DNA
http://www.newworldencyclopedia.org/entry/Mutation
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George C. Williams' 1966 Adaptation and Natural Selection: A 

Critique of Some Current Evolutionary Thought marked a departure 

from the idea of group selection towards the modern notion of the 

gene as the unit of selection. In the mid-1970s, Motoo Kimura 

formulated the neutral theory of molecular evolution, firmly 

establishing the importance of genetic drift as a major mechanism 

involved in evolution. 

Evidences for evolution 

Scientific evidence for evolution comes from many aspects of biology 

and includes fossils, homologous structures, and molecular similarities 

between species' DNA. 

1-Fossil record 

Research in the field of paleontology, the study of fossils, supports the 

idea that all living organisms are related. Fossils of prehistoric 

organisms have been found all over the Earth and provide evidence 

that accumulated changes in organisms over long periods of time have 

led to the diverse forms of life we see today.  

Fossils are traces (bone, tooth, imprint, etc.) of once living organisms. 

Fossilization on an organism is an uncommon occurrence, usually 

requiring hard parts (like bone) and death where sediments or volcanic 

ash may be deposited. Fossils also found in ice such as the freezing 

Mammoths found in Siberia. Fossil evidence of organisms without 

hard body parts, such as shell, bone, teeth, and wood stems, is sparse, 

but exists in the form of ancient microfossils and the fossilization of 

ancient burrows and a few soft-bodied organisms. Some insects have 

been preserved in resin from pine trees. Footprints made in soft mud 

which subsequently hardened are a common type of fossils. Another 

type of fossils, in which the original soft and hard parts of an 

organism have been replaced by minerals in a process called: 

http://www.newworldencyclopedia.org/entry/Genetic_drift
https://en.wikipedia.org/wiki/Scientific_evidence
https://en.wikipedia.org/wiki/Fossil
https://en.wikipedia.org/wiki/Homology_%28biology%29
https://en.wikipedia.org/wiki/Paleontology
http://www.newworldencyclopedia.org/entry/Fossil
http://www.newworldencyclopedia.org/entry/Sediment
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petrifaction. Similarly, cast fossil is formed by hardened of the 

material surrounding the buried organism, followed by decaying of 

the organism. The age of fossils can often be deduced from the 

geologic context in which they are found (the strata); and their age 

also can be determined with radiometric dating. 

During the second voyage of the HMS Beagle, the naturalist Charles 

Darwin collected fossils in South America, and found fragments of 

armor which he thought were like giant versions of the scales on the 

modern armadillos living nearby. On his return, the anatomist Richard 

Owen showed him that the fragments were from gigantic extinct 

glyptodons, related to the armadillos. This was one of the patterns of 

distribution that helped Darwin to develop his theory. 

The comparison of fossils of extinct organisms in older geological 

strata with fossils found in more recent strata or with living organisms 

is considered strong evidence of evolution. Fossils found in more 

recent strata are often very similar to, or indistinguishable from living 

species, whereas the older the fossils the more different they are from 

living organisms or recent fossils. In addition, fossil evidence reveals 

that species of greater complexity have appeared on the earth over 

time, beginning in the Precambrian era some 600 millions of years 

ago with the first eukaryotes. The fossil records support the view that 

there is orderly progression in which each stage emerges from, or 

builds upon, preceding stages. 

One of the problems with fossil evidence is the general lack of 

gradually sequenced intermediary forms. There are some fossil 

lineages that appear quite well-represented, such as from therapsid 

reptiles to the mammals, and between what is considered land-living 

ancestors of the whales and their ocean-living descendants. The 

transition from an ancestral horse (Eohippus) and the modern horse 

(Equus) is also significant, and Archaeopteryx has been postulated as 

fitting the gap between reptiles and birds. But generally, 

https://en.wikipedia.org/wiki/Second_voyage_of_HMS_Beagle
https://en.wikipedia.org/wiki/South_America
https://en.wikipedia.org/wiki/Armadillo
https://en.wikipedia.org/wiki/Richard_Owen
https://en.wikipedia.org/wiki/Richard_Owen
https://en.wikipedia.org/wiki/Glyptodon
https://en.wikipedia.org/wiki/Inception_of_Darwin%27s_theory#Geological_d.C3.A9but.2C_species_related_to_places
http://www.newworldencyclopedia.org/entry/Horse
http://www.newworldencyclopedia.org/entry/Archaeopteryx
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paleontologists do not find a steady change from ancestral forms to 

descendant forms, but rather discontinuities, or gaps in most every 

phyletic series. This has been explained both by the incompleteness of 

the fossil record and by proposals of speciation that involve short 

periods of time, rather than millions of years. (Notably, there are also 

gaps between living organisms, with a lack of intermediaries between 

whales and terrestrial mammals, between reptiles and birds, and 

between flowering plants and their closest relatives.) Archaeopteryx 

has recently come under criticism as a transitional fossil between 

reptiles and birds (Wells 2000). 

The fact that the fossil evidence supports the view that species tend to 

remain stable throughout their existence and that new species appear 

suddenly is not problematic for the theory of evolution, but only with 

Darwin's concept of gradualism. 

2-Comparative anatomy 

The study of comparative anatomy also yields evidence for the theory 

of biological evolution. For one, there are structures in diverse species 

that have similar internal organization yet perform different functions. 

Vertebrate limbs are a common example of such homologous 

structures. Bat wings, for example, are very similar to human hands. 

Also similar are the forelimbs of the penguin, the porpoise, the rat, 

and the alligator. In addition, these features derive from the same 

structures in the embryo stage. As queried earlier, “why would a rat 

run, a bat fly, a porpoise swim and a man type” all with limbs using 

the same bone structure if not coming from a common ancestor, since 

these are surely not the most ideal structures for each use (Gould 

1983). 

http://www.newworldencyclopedia.org/entry/Paleontology
http://www.newworldencyclopedia.org/entry/Vertebrate
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Likewise, a structure may exist with little or no purpose in one 

organism, yet the same structure has a clear purpose in other species. 

These features are called vestigial organs or vestigial characters. The 

human wisdom teeth and appendix are common examples. Likewise, 

some snakes have pelvic bones and limb bones, and some blind 

salamanders and blind cave fish have eyes. Such features would be the 

prediction of the theory of biological evolution, suggesting that they 

share a common ancestry with organisms that have the same structure, 

but which is functional. 

http://www.newworldencyclopedia.org/entry/Vestigial_organ
http://www.newworldencyclopedia.org/entry/Vermiform_appendix
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However, anatomical comparisons can be misleading, as not all 

anatomical similarities indicate a close relationship. Organisms that 

share similar environments will often develop similar physical 

features, a process known as convergent evolution. Both sharks and 

dolphins have similar body forms, yet are only distantly related—

sharks are fish and dolphins are mammals. Such similarities are a 

result of both populations being exposed to the same selective 

pressures. Within both groups, changes that aid swimming have been 

favored. Thus, over time, they developed similar appearances 

(morphology), even though they are not closely related.  

Phylogeny, the study of the ancestry (pattern and history) of 

organisms, yields a phylogenetic tree to show such relatedness (or a 

cladogram in other taxonomic disciplines). 

3-Taxonomy 

Taxonomy is the branch of biology that names and classifies all living 

things. Scientists use morphological and genetic similarities to assist 

them in categorizing life forms based on ancestral relationships. For 

https://en.wikipedia.org/wiki/Convergent_evolution
https://en.wikipedia.org/wiki/Shark
https://en.wikipedia.org/wiki/Dolphin
https://en.wikipedia.org/wiki/Fish
https://en.wikipedia.org/wiki/Evolutionary_pressure
https://en.wikipedia.org/wiki/Evolutionary_pressure
https://en.wikipedia.org/wiki/Taxonomy_%28biology%29#Alpha_taxonomy
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example, orangutans, gorillas, chimpanzees, and humans all belong to 

the same taxonomic grouping referred to as a family—in this case the 

family called Hominidae. These animals are grouped together because 

of similarities in morphology that come from common ancestry 

(called homology).  

Also, various catlike mammals can be put in the same family 

(Felidae), dog-like mammals in the same family (Canidae), and bears 

in the same family (Ursidae), and so forth, and then these and other 

similar mammals can be combined into the same order (Carnivora). 

This sense of relatedness, from external features, fits the expectations 

of the theory of biological evolution. 

4-Embryology 

A common evidence for evolution is the assertion that the embryos of 

related animals are often quite similar to each other, often much more 

similar than the adult forms. For example, it is held that the 

development of the human embryo is compatible to comparable stages 

of other kinds of vertebrates (fish, salamander, tortoise, chicken, pig, 

cow, and rabbit). Furthermore, mammals such as cows and rabbits are 

more similar in embryological development than with alligators. 

Often, the drawings of early vertebrate embryos by Ernst Haeckel are 

offered as proof. 

https://en.wikipedia.org/wiki/Orangutan
https://en.wikipedia.org/wiki/Gorilla
https://en.wikipedia.org/wiki/Chimpanzee
https://en.wikipedia.org/wiki/Human
https://en.wikipedia.org/wiki/Hominidae
https://en.wikipedia.org/wiki/Homology_%28biology%29
http://www.newworldencyclopedia.org/entry/Ernst_Haeckel
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It has further been asserted that features, such as the gill pouches in 

the mammalian embryo resemble those of fish, are most readily 

explained as being remnants from the ancestral fish, which were not 

eliminated because they are embryonic "organizers" for the next step 

of development. 

Wells (2000) has criticized embryological evidence on several points. 

For one, it is now known that Ernst Haeckel exaggerated the 

similarities of vertebrate embryos at the midpoint of embryological 

development, and omitted the earlier embryological stages when 

differences were more pronounced. Also, embryological development 

in some frog species looks very similar to that of birds, rather than 

other frog species. Remarkably, even as revered an evolutionist as 

Ernst Mayr, in his 2001 text What Evolution Is, used Haeckel 

drawings from 1870, which he knew were faked, noting "Haeckel 

(sp.) had fraudulently substituted dog embryos for the human ones, 

but they were so similar to humans that these (if available) would 

have made the same point." 
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5-Biogeography 

Biogeography is the study of the geographical distribution of species. 

The fauna on Australia, with its large marsupials, is very different 

from that of the other continents. The fauna on Africa and South 

America are very different, but the fauna of Europe and North 

America, which were connected more recently, are similar. There are 

few mammals on oceanic islands. These findings hold that the present 

distribution of flora and fauna would be related to their common 

origins and subsequent distribution. The longer the separation of 

continents, such as with Australia's long isolation, the greater the 

expected divergence is. 

Evidence from biogeography, especially from the biogeography of 

oceanic islands, played a key role in convincing both Darwin and 

Alfred Russel Wallace that species evolved with a branching pattern 

of common descent. Islands often contain endemic species, species 

not found anywhere else, but those species are often related to species 

found on the nearest continent. Furthermore, islands often contain 

clusters of closely related species that have very different ecological 

niches, that is have different ways of making a living in the 

environment. Such clusters form through a process of adaptive 

radiation where a single ancestral species colonizes an island that has 

a variety of open ecological niches and then diversifies by evolving 

into different species adapted to fill those empty niches. Well-studied 

examples include Darwin's finches, a group of 13 finch species 

endemic to the Galápagos Islands, and the Hawaiian honeycreepers, a 

group of birds that once, before extinctions caused by humans, 

numbered 60 species filling diverse ecological roles, all descended 

from a single finch like ancestor that arrived on the Hawaiian Islands 

some 4 million years ago. Another example is the Silversword 

alliance, a group of perennial plant species, also endemic to the 

Hawaiian Islands, that inhabit a variety of habitats and come in a 

https://en.wikipedia.org/wiki/Biogeography
http://www.newworldencyclopedia.org/entry/Australia
http://www.newworldencyclopedia.org/entry/Africa
http://www.newworldencyclopedia.org/entry/South_America
http://www.newworldencyclopedia.org/entry/South_America
https://en.wikipedia.org/wiki/Insular_biogeography
https://en.wikipedia.org/wiki/Insular_biogeography
https://en.wikipedia.org/wiki/Ecological_niche
https://en.wikipedia.org/wiki/Ecological_niche
https://en.wikipedia.org/wiki/Adaptive_radiation
https://en.wikipedia.org/wiki/Adaptive_radiation
https://en.wikipedia.org/wiki/Darwin%27s_finches
https://en.wikipedia.org/wiki/Hawaiian_honeycreeper
https://en.wikipedia.org/wiki/Hawaiian_Islands
https://en.wikipedia.org/wiki/Silversword_alliance
https://en.wikipedia.org/wiki/Silversword_alliance
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variety of shapes and sizes that include trees, shrubs, and ground 

hugging mats, but which can be hybridised with one another and with 

certain tarweed species found on the west coast of North America; it 

appears that one of those tarweeds colonized Hawaii in the past, and 

gave rise to the entire Silversword alliance. 

 

6- Molecular evidence 

Evidence for common descent may be found in traits shared between 

all living organisms. In Darwin's day, the evidence of shared traits 

was based solely on visible observation of morphologic similarities, 

such as the fact that all birds—even those which do not fly—have 

wings. Today, the theory of organic evolution is supported by genetic 

similarities. For example, every living cell makes use of nucleic acids 

as its genetic material, and uses the same twenty amino acids as the 

building blocks for proteins. All organisms use the same genetic code 

(with some extremely rare and minor deviations) to translate nucleic 

acid sequences into proteins. The universality of these traits strongly 

suggests common ancestry, because the selection of these traits seems 

somewhat arbitrary. 

https://en.wikipedia.org/wiki/Madieae
https://en.wikipedia.org/wiki/North_America
http://www.newworldencyclopedia.org/entry/Nucleic_acid
http://www.newworldencyclopedia.org/entry/Amino_acid
http://www.newworldencyclopedia.org/entry/Protein
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Similarly, the metabolism of very different organisms is based on the 

same biochemistry. For example, the protein cytochrome c, which is 

needed for aerobic respiration, is universally shared in aerobic 

organisms, suggesting a common ancestor that used this protein. 

There are also variations in the amino acid sequence of cytochrome c, 

with the more similar molecules found in organisms that appear more 

related (monkeys and cattle) than between those that seem less related 

(monkeys and fish). The cytochrome c of chimpanzees is the same as 

that of humans, but very different from bread mold. Similar results 

have been found with blood proteins. 

Other uniformity is seen in the universality of mitosis in all cellular 

organisms, the similarity of meiosis in all sexually reproducing 

organisms, the use of ATP by all organisms for energy transfer, and 

the fact that almost all plants use the same chlorophyll molecule for 

photosynthesis. 

The closer that organisms appear to be related, the more similar are 

their respective genetic sequences. That is, comparison of the genetic 

sequence of organisms reveals that phylogenetically close organisms 

have a higher degree of sequence similarity than organisms that are 

phylogenetically distant. For example, neutral human DNA sequences 

are approximately 1.2 percent divergent (based on substitutions) from 

those of their nearest genetic relative, the chimpanzee, 1.6 percent 

from gorillas, and 6.6 percent from baboons. Sequence comparison is 

considered a measure robust enough to be used to correct erroneous 

assumptions in the phylogenetic tree in instances where other 

evidence is scarce. 

Comparative studies also show that some basic genes of higher 

organisms are shared with homologous genes in bacteria. 

 

http://www.newworldencyclopedia.org/entry/Cytochrome_c
http://www.newworldencyclopedia.org/entry/Monkey
http://www.newworldencyclopedia.org/entry/Cattle
http://www.newworldencyclopedia.org/entry/Fish
http://www.newworldencyclopedia.org/entry/Chimpanzee
http://www.newworldencyclopedia.org/entry/Mitosis
http://www.newworldencyclopedia.org/entry/Meiosis
http://www.newworldencyclopedia.org/entry/Photosynthesis
http://www.newworldencyclopedia.org/entry/Chimpanzee
http://www.newworldencyclopedia.org/entry/Gorilla
http://www.newworldencyclopedia.org/entry/Baboon
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Main theories of evolution 

The main theories of evolution are: 

(I) Lamarckism or Theory of Inheritance of Acquired characters. 

(II) Darwinism or Theory of Natural Selection. 

(III) Mutation theory of De Vries. 

(IV) Neo-Darwinism or Modern concept or Synthetic theory of 

evolution. 

Lamarckism: 

It is also called “Theory of inheritance of acquired characters” and 

was proposed by a great French naturalist, Jean Baptiste de Lamarck 

in 1809 A.D. in his famous book “Philosphic Zoologique”. This 

theory is based on the comparison between the contemporary species 

of his time to fossil records. 

His theory is based on the inheritance of acquired characters which are 

defined as the changes (variations) developed in the body of an 

organism from normal characters, in response to the changes in 

environment, or in the functioning (use and disuse) of organs, in their 

own life time, to fulfill their new needs. Thus Lamarck stressed on 

adaptation as means of evolutionary modification. 

Postulates of Lamarckism: 

Lamarckism is based on following four postulates: 

1. New needs: 

Every living organism is found in some kind of environment. The 

changes in the environmental factors like light, temperature, medium, 

food, air etc. or migration of animal lead to the origin of new needs in 
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the living organisms, especially animals. To fulfill these new needs, 

the living organisms have to exert special efforts like the changes in 

habits or behaviour. 

2. Use and disuse of organs: 

The new habits involve the greater use of certain organs to meet new 

needs, and the disuse or lesser use of certain other organs which are of 

no use in new conditions. This use and disuse of organs greatly affect 

the form, structure and functioning of the organs. 

Continuous and extra uses of organs make them more efficient while 

the continued disuse of some other organs lead to their degeneration 

and ultimate disappearance. So, Lamarckism is also called “Theory of 

use and disuse of organs.” 

So the organism acquires certain new characters due to direct or 

indirect environmental effects during its own life span and are called 

Acquired or adaptive characters. 

3. Inheritance of acquired characters: 

Lamarck believed that acquired characters are inheritable and are 

transmitted to the offsprings so that these are born fit to face the 

changed environmental conditions and the chances of their survival 

are increased. 

4. Speciation: 

Lamarck believed that in every generation, new characters are 

acquired and transmitted to next generation, so that new characters 

accumulate generation after generation. After a number of 

generations, a new species is formed. 
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So according to Lamarck, an existing individual is the sum total of the 

characters acquired by a number of previous generations and the 

speciation is a gradual process. 

B. Evidences of Lamarckism: 

Phylogenetic studies of horse, elephant and other animals show that 

all these increase in their evolution from simple to complex forms. 

 Giraffe: 

Development of present day long-necked and long fore-necked giraffe 

from deer-like ancestor by the gradual elongation of neck and 

forelimbs in response to deficiency of food on the barren ground in 

dry deserts of Africa. These body parts were elongated so as to eat the 

leaves on the tree branches. This is an example of effect of extra use 

and elongation of certain organs. 

Snakes: 

Development of present day limbless snakes with long slender body 

from the limbed ancestors due to continued disuse of limbs and 

stretching of their body to suit their creeping mode of locomotion and 

fossorial mode of living out of fear of larger and more powerful 

mammals. It is an example of disuse and degeneration of certain 

organs. 

 Horse: 

The ancestors of modem horse (Equus caballus) used to live in the 

areas with soft ground and were short legged with more number of 

functional digits (e.g. 4 functional fingers and 3 functional toes in 

Dawn horse-Eohippus). These gradually took to live in areas with dry 

ground. This change in habit was accompanied by increase in length 
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of legs and decrease in functional digits for fast running over hard 

ground. 

Criticism of Lamarckism: 

A hard blow to Lamarckism came from a German biologist, August 

Weismann who proposed the “Theory of continuity of germplasm” in 

1892 A.D. This theory states that environmental factors do affect only 

somatic cells and not the germ cells. 

As the link between the generations is only through the germ cells and 

the somatic cells are not transmitted to the next generation so the 

acquired characters must be lost with the death of an organism so 

these should have no role in evolution. Weismann mutilated the tails 

of mice for about 22 generations and allowed them to breed, but 

tailless mice were never born. Pavlov, a Russian physiologist, trained 

mice to come for food on hearing a bell. He reported that this training 

is not inherited and was necessary in every generation. Mendel’s laws 

of inheritance also object the postulate of inheritance of acquired 

characters of Lamarckism. 

Significance: 

1. It was first comprehensive theory of biological evolution. 

2. It stressed on adaptation to the environment as a primary product of 

evolution. 

Neo-Lamarckism: 

Long forgotten Lamarckism has been revived as Neo-Lamarckism, in 

the light of recent findings in the field of genetics which confirm that 

environment does affect the form, structure; colour, size etc. and these 

characters are inheritable. 
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Main scientists who contributed in the evolution of Neo-Lamarckism 

are: French Giard, American Cope, T.H. Morgan, Spencer, Packard, 

Bonner, Tower, Naegali, Mc Dougal, etc. Term neo-Lamarckism was 

coined by Alphaeus S. Packard. 

Neo-Lamarckism states: 

1. Germ cells may be formed from the somatic cells indicating similar 

nature of chromosomes and gene make up in two cell lines e.g. 

(a) Regeneration in earthworms. 

(b) Vegetative propagation in plants like Bryophyllum (with foliar 

buds). 

(c) A part of zygote (equipotential egg) of human female can develop 

into a complete baby (Driesch). 

2. Effect of environment on germ cells through the somatic cells e.g. 

Heslop Harrison found that a pale variety of moth, Selenia bilunaria, 

when fed on manganese coated food, a true breeding melanic variety 

of moth is produced. 

3. Effect of environment directly on germ cells. Tower exposed the 

young ones of some potato beetles to temperature fluctuation and 

found that though beetles remained unaffected with no somatic change 

but next generation had marked changes in body colouration. 

Muller confirmed the mutagenic role of X-rays on Drosophila while 

C. Auerbach et., al. confirmed the chemical mutagens (mustard gas 

vapours) causing mutation in Drosophila melanogaster, so  

neo-Lamarckism proved: 

(a) Germ cells are not immune from the effect of environment. 
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(b) Germ cells can carry somatic changes to next progeny (Harrison’s 

experiment). 

(c) Germ cells may be directly affected by the environmental factors 

(Tower’s experiment).  

II. Darwinism (Theory of Natural Selection): 

Introduction: 

Charles Darwin (1809- 1882 A.D.), an English naturalist, was the 

most dominant figure among the biologists of the 19th century. He 

made an extensive study of nature for over 20 years, especially in 

1831-1836 when he went on a voyage on the famous ship “H.M.S. 

Beagle” and explored South America, the Galapagos Islands and other 

islands. 

He collected the observations on animal distribution and the 

relationship between living and extinct animals. He found that 

existing living forms share similarities to varying degrees not only 

among themselves but also with the life forms that existed millions of 

years ago, some of which have become extinct. 

He stated that every population has built in variations in their 

characters. From the analysis of his data of collection and from 

Malthus’s Essay on Population, he got the idea of struggle for 

existence within all the populations due to continued reproductive 

pressure and limited resources and that all organisms, including 

humans, are modified descendents of previously existing forms of life. 

In 1858 A.D., Darwin was highly influenced by a short essay written 

by another naturalist, Alfred Russel Wallace (1812-1913) who studied 

biodiversity on Malayan archipelago and came to similar conclusions. 
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Darwin and Wallace’s views about evolution were presented in the 

meeting of Linnean Society of London by Lyell and Hooker on July 1, 

1858. Darwin’s and Wallace’s work was jointly published in 

“Proceedings of Linnean Society of London” in 1859. So it is also 

called Darwin-Wallace theory. 

Darwin explained his theory of evolution in a book entitled “On the 

Origin of Species by means of Natural Selection”. It was published on 

24th Nov., 1859. In this theory, Charles Darwin proposed the concept 

of natural selection as the mechanism of evolution. 

 Postulates of Darwinism: 

1. Geometric increase: 

According to Darwinism, the populations tend to multiply 

geometrically and the reproductive powers of living organisms (biotic 

potential) are much more than required to maintain their number. 

For example: Paramecium divides three times by binary fission in 24 

hours during favorable conditions. At this rate, a Paramecium can 

produce a clone of about 280 million Paramecia in just one month and 

in five years, can produce Paramecia having mass equal to 10,000 

times than the size of the earth. Other rapidly multiplying organisms 

are: Cod (one million eggs per year); Oyster (114 million eggs in one 

spawning); Ascaris (70, 00,000 eggs in 24 hours) and housefly (120 

eggs in one laying and laying eggs six times in a summer season). 

These examples confirm that every species can increase manifold 

within a few generations and occupy all the available space on the 

earth, provided all survive and repeat the process. So the number of a 

species will be much more than can be supported on the earth. 
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2. Limited food and space: 

Darwinism states that though a population tends to increase 

geometrically, the food increases only arithmetically. So two main 

limiting factors on the tremendous increase of a population are: 

limited food and space which together form the major part of carrying 

capacity of environment. These do not allow a population to grow 

indefinitely which are nearly stable in size except for seasonal 

fluctuation. 

3. Struggle for existence: 

Due to rapid multiplication of populations but limited food and space, 

there starts an everlasting competition between individuals having 

similar requirements. In this competition, every living organism 

desires to have an upper hand over others. 

This competition between living organisms for the basic needs of life 

like food, space, mate etc., is called struggle for existence which is of 

three types: 

(a) Intraspecific: 

Between the members of same species e.g. two dogs struggling for a 

piece of meat. 

(b) Interspecific: 

Between the members of different species e.g. between predator and 

prey. 

(c) Environmental or Extra specific: 

Between living organisms and adverse environmental factors like 

heat, cold, drought, flood, earthquakes, light etc. 
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Out of these three forms of struggle, the intraspecific struggle is the 

strongest type of struggle as the needs of the individuals of same 

species are most similar  

In this death and life struggle, the majority of individuals die before 

reaching the sexual maturity and only a few individuals survive and 

reach the reproductive stage. So struggle for existence acts as an 

effective check on an ever-increasing population of each species. So 

the number of offsprings of each species remains nearly constant over 

long period of time. 

4. Variations: 

Variation is the law of nature. According to this law of nature, no two 

individuals except identical (monozygotic) twins are identical. This 

everlasting competition among the organisms has compelled them to 

change according to the conditions to utilize the natural resources and 

can survive successfully. 

Darwin stated that the variations are generally of two types—

continuous variations or fluctuations and discontinuous variations. On 

the basis of their effect on the survival chances of living organisms, 

the variations may be neutral, harmful and useful. 

Darwin proposed that living organisms tend to adapt to changing 

environment due to useful continuous variations {e.g., increased speed 

in the prey; increased water conservation in plants; etc.), as these will 

have a competitive advantage. 

5. Natural selection or Survival of the fittest: 

Darwin stated that as many selects the individuals with desired 

characters in artificial selection; nature selects only those individuals 

out of the population which are with useful continuous variations and 
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are best adapted to the environment while the less fit or unfit 

individuals are rejected by it. 

Darwin stated that if the man can produce such a large number of new 

species/varieties with limited resources and in short period of time by 

artificial selection, then natural selection could account for this large 

biodiversity by considerable modifications of species with the help of 

unlimited resources available over long span of time. 

Darwin stated that discontinuous variations appear suddenly and will 

mostly be harmful, so are not selected by nature. He called them 

“sports”. So the natural selection is an automatic and self going 

process and keeps a check on the animal population. 

This sorting out of the individuals with useful variations from a 

heterogeneous population by the nature was called Natural selection 

by Darwin and Survival of the fittest by Wallace. So natural selection 

acts as a restrictive force and not a creative force. 

6. Inheritance of useful variations: 

Darwin believed that the selected individuals pass their useful 

continuous variations to their offsprings so that they are born fit to the 

changed environment. 

7. Speciation: 

According to Darwinism, useful variations appear in every generation 

and are inherited from one generation to another. So the useful 

variations go on accumulating and after a number of generations, the 

variations become so prominent that the individual turns into a new 

species. So according to Darwinism, evolution is a gradual process 

and speciation occurs by gradual changes in the existing species. 

Evidences against Darwinism: 
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Darwinism is not able to explain: 

1. The inheritance of small variations in those organs which can be of 

use only when fully formed e.g. wing of a bird. Such organs will be of 

no use in incipient or underdeveloped stage. 

2. Inheritance of vestigial organs. 

3. Inheritance of over-specialized organs e.g. antlers in deer and tusks 

in elephants. 

4. Presence of neuter flowers and sterility of hybrids. 

5. Did not differentiate between somatic and germinal variations. 

6. He did not explain the causes of the variations and the mode of 

transmission of variations. 

7. It was also refuted by Mendel’s laws of inheritance which state that 

inheritance is particulate. 

So this theory explains only the survival of the fittest but does not 

explain the arrival of the fittest so Darwin himself confessed, “natural 

selection has been main but not the exclusive means of modification.” 

III. Mutation Theory of Evolution: 

The mutation theory of evolution was proposed by a Dutch botanist, 

Hugo de Vries (1848-1935 A.D.) in 1901 A.D. in his book entitled 

“Species and Varieties, Their Origin by Mutation”. He worked on 

evening primrose (Oenothera lamarckiana). 

A. Experiment: 

Hugo de Vries cultured O. lamarckiana in botanical gardens at 

Amsterdam. The plants were, allowed to self pollinate and next 

generation was obtained. The plants of next generation were again 
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subjected to self pollination to obtain second generation. Process was 

repeated for a number of generations. 

B. Observations: 

Majority of plants of first generation were found to be like the 

parental type and showed only minor variations but 837 out of 54,343 

members were found to be very different in characters like flower 

size, shape and arrangement of buds, size of seeds etc. These 

markedly different plants were called primary or elementary species. 

A few plants of second generation were found to be still more 

different. Finally, a new type, much longer than the original type, 

called O. gigas, was produced. He also found the numerical 

chromosomal changes in the variants.  

C. Conclusion: 

1. The evolution is a discontinuous process and occurs by mutations.  

2. Elementary species are produced in large number to increase 

chances of selection by nature. 

3. Mutations are recurring so that the same mutants appear again and 

again. This increases the chances of their selection by nature. 

4. Mutations occur in all directions so may cause gain or loss of any 

character. 

5. Mutability is fundamentally different from fluctuations (small and 

directional changes). 

So according to mutation theory, evolution is a discontinuous and 

jerky process in which there is a jump from one species to another so 

that new species arises from pre-existing species in a single generation 
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(macrogenesis or saltation) and not a gradual process as proposed by 

Lamarck and Darwin. 

Evidences of Mutation theory: 

1. Appearance of a short-legged sheep variety, Ancon sheep (Fig. 

7.39), from long-legged parents in a single generation in 1791 A.D. It 

was first noticed in a ram (male sheep) by an American farmer, Seth 

Wright. 

2. Appearance of polled Hereford cattle from horned parents in a 

single generation in 1889. 

3. De Vries observations have been experimentally confirmed by 

McDougal and Shull in America and Gates in England. 

4. Mutation theory can explain the origin of new varieties or species 

by a single gene mutation e.g. Cicer gigas, Nuval orange. Red 

sunflower, hairless cats, double- toed cats, etc. 

5. It can explain the inheritance of vestigial and over-specialized 

organs. 

6. It can explain progressive as well as retrogressive evolution. 

Evidences against Mutation theory: 

1. It is not able to explain the phenomena of mimicry and protective 

colouration. 

2. Rate of mutation is very low, i.e. one per million or one per several 

million genes. 

3. Oenothera lamarckiana is a hybrid plant and contains anamolous 

type of chromosome behaviour. 
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4. Chromosomal numerical changes as reported by de Vries are 

unstable. 

5. Mutations are incapable of introducing new genes and alleles into a 

gene pool. 

IV. Neo-Darwinism or Modern Concept or Synthetic Theory of 

Evolution: 

The detailed studies of Lamarckism, Darwinism and Mutation theory 

of evolution showed that no single theory is fully satisfactory. Neo-

Darwinism is a modified version of theory of Natural Selection and is 

a sort of reconciliation between Darwin’s and de Vries theories. 

Modern or synthetic theory of evolution was designated by Huxley 

(1942). It emphasises the importance of populations as the units of 

evolution and the central role of natural selection as the most 

important mechanism of evolution. 

The scientists who contributed to the outcome of Neo-Darwinism 

were: J.S. Huxley, R.A. Fischer and J.B.S. Haldane of England; and S. 

Wright, Ford, H.J. Muller and T. Dobzhansky of America. 

Postulates of Neo-Darwinism: 

1. Genetic Variability: 

Variability is an opposing force to heredity and is essential for 

evolution as the variations form the raw material for evolution. The 

studies showed that the units of both heredity and mutations are genes 

which are located in a linear manner on the chromosomes. Various 

sources of genetic variability in a gene pool are: 

(i) Mutations: 
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These are sudden, large and inheritable changes in the genetic 

material. On the basis of amount of genetic material involved, 

mutations are of three types: morphological changes in chromosomes, 

changes in chromosomes number and changes in chemical nature of a 

gene. 

 (ii) Recombination of genes: 

Thousands of new combinations of genes are produced due to 

crossing over, chance arrangement of bivalents at the equator during 

metaphase – I and chance fusion of gametes during fertilization. 

(iii) Hybridization: 

It involves the interbreeding of two genetically different individuals to 

produce ‘hybrids’. 

(iv) Physical mutagens (e.g. radiations, temperature etc.) and chemical 

mutagens (e.g. nitrous acid, colchicine, nitrogen mustard etc.). 

(v) Genetic drift: 

It is the elimination of the genes of some original characteristics of a 

species by extreme reduction in a population due to epidemics or 

migration or Sewell Wright effect. 

The chances of variations are also increased by non-random mating. 

2. Natural Selection: 

Natural selection of Neo- Darwinism differs from that of Darwinism 

that it does not operate through “survival of the fittest” but operates 

through differential reproduction and comparative reproductive 

success. 
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Differential reproduction states that those members, which are best 

adapted to the environment, reproduce at a higher rate and produce 

more offsprings than those which are less adapted. So these contribute 

proportionately greater percentage of genes to the gene pool of next 

generation while less adapted individuals produce fewer offsprings. 

If the differential reproduction continues for a number of generations, 

then the genes of those individuals which produce more offsprings 

will become predominant in the gene pool of the population. 

Due to sexual communication, there is free flow of genes so that the 

genetic variability which appears in certain individuals, gradually 

spreads from one deme to another deme, from deme to population and 

then on neighbouring sister populations and finally on most of the 

members of a species. So natural selection causes progressive changes 

in gene frequencies, ‘i.e. the frequency of some genes increases while 

the frequency of some other genes decreases. 

Which individuals produce more offsprings? 

(i) Mostly those individuals which are best adapted to the 

environment. 

(ii) Whose sum of the positive selection pressure due to useful genetic 

variability is more than the sum of negative selection pressure due to 

harmful genetic variability? 

(iii) Which have better chances of sexual selection due to 

development of some bright coloured spots on their body e.g. in many 

male birds and fish. 

(iv) Those who are able to overcome the physical and biological 

environmental factors to successfully reach the sexual maturity. 
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So natural selection of Neo-Darwinism acts as a creative force and 

operates through comparative reproductive success. Accumulation of 

a number of such variations leads to the origin of a new species. 

3. Reproductive isolation: 

Any factor which reduces the chances of interbreeding between the 

related groups of living organisms is called an isolating mechanism. 

Reproductive isolation is must so as to allow the accumulation of 

variations leading to speciation by preventing hybridization. 

In the absence of reproductive isolation, these variants freely 

interbreed which lead to intermixing of their genotypes, dilution of 

their peculiarities and disappearance of differences between them. So, 

reproductive isolation helps in evolutionary divergence. 

Directed Evolution 

Natural evolution: Over time, random genetic mutations occur within 

an organism's genetic code, of which beneficial mutations are 

preserved because they are beneficial to survival. 

Directed evolution mimics natural evolution in the laboratory, but 

operates on a molecular level (i.e. no new organisms are created) and 

focuses on specific molecular properties. 

 Similarities between natural and directed evolution 

– diversification: offspring are different from the parents 

– selection: survival of the fittest 

– amplification: procreation 

Different Patterns of Evolution 

By Peter J. Mikulecky, Michelle Rose Gilman, and Brian Peterson 

from AP Biology For Dummies 

http://www.dummies.com/search.html?query=Peter+J.+Mikulecky
http://www.dummies.com/search.html?query=Michelle+Rose+Gilman
http://www.dummies.com/search.html?query=Brian+Peterson
http://www.dummies.com/store/product/AP-Biology-For-Dummies.productCd-0470224878.html
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Groups of species undergo various kinds of natural selection and, over 

time, may engage in several patterns of evolution: convergent 

evolution, divergent evolution, parallel evolution, and coevolution.  

Convergent evolution 

Convergent evolution is the process in which species that are not 

closely related to each other independently evolve similar kinds of 

traits. For example, dragonflies, hawks, and bats all have wings. None 

of these organisms owes its wings to genes inherited from any of the 

others. Each kind of wing evolved independently, suggesting that the 

trait of flight is a useful one for the purpose of survival and 

reproduction. These independently evolved wings are called 

analogous structures. 

Divergent evolution 

Divergent evolution is the process in which a trait held by a common 

ancestor evolves into different variations over time. A common 

example of divergent evolution is the vertebrate limb. Whale flippers, 

frog forelimbs, and your own arms most likely evolved from the front 

flippers of an ancient jawless fish. Because they share a common 

evolutionary origin, these are examples of homologous structures. 

An important consequence of divergent evolution is speciation, the 

divergence of one species into two or more descendant species. There 

are four major ways speciation can occur: 

 Allopatric speciation occurs when a population becomes 

separated into two entirely isolated subpopulations. Once the 

separation occurs, natural selection and genetic drift operate on 

each subpopulation independently, producing different 

evolutionary outcomes. 

 Peripatric speciation is somewhat similar to allopatric 

speciation, but specifically occurs when a very small 
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subpopulation becomes isolated from a much larger majority. 

Because the isolated subpopulation is so small, divergence can 

happen relatively rapidly due to the founder effect, in which 

small populations are more sensitive to genetic drift and natural 

selection acts on a small gene pool. 

 Parapatric speciation occurs when a small subpopulation 

remains within the habitat of an original population but enters a 

different niche. Effects other than physical separation prevent 

interbreeding between the two separated populations. Because 

one of the genetically isolated populations is so small, however, 

the founder effect can still play a role in speciation. 

 Sympatric speciation, the rarest and most controversial form of 

speciation, occurs with no form of isolation (physical or 

otherwise) between two populations.  

Parallel evolution 

Parallel evolution is sometimes difficult to distinguish from 

convergent evolution. Parallel evolution occurs when different species 

start with similar ancestral origins, then evolve similar traits over 

time. This kind of thing happens because the two different species, 

though they don't necessarily share a common ancestor, experience 

similar kinds of environmental pressures and survive only by 

undergoing similar adaptations. A classic example of parallel 

evolution is found among plants, in which several similar but distinct 

forms of leaf evolved in parallel and are evident today. 

Coevolution 

Coevolution occurs when closely interacting species exert selective 

pressures on each other, so that they evolve together in a kind of 

conversation of adaptations. Examples of coevolution are common 

among predator-prey and host-parasite pairs. More picturesque 
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examples of coevolution occur among hummingbirds and the flowers 

from which they seek nectar and unwittingly pollinate. 

Adaptation and evolution 

Adaptation refers to the process wherein certain groups or individuals 

change their ways in order to be better suited to their environment and 

habitat. This is change is needed so that they can survive and maintain 

normal functioning in their community. For example, during winters 

or cold days, individuals learn to alter their homes and personal 

clothes to be able to live through the chilling temperatures.  

Evolution, though, takes a long time. It is a process in which the 

genetic structure and physical anatomy change in relation to the 

changes happening in the environment. It does not occur overnight, 

but invokes generations in order to turn out into the best being 

suitable. Human beings are indeed an example, as evidenced from our 

ancestors the Homo erectus, to Homo sapiens, or basically, us. We are 

the proof of evolution. 

 

http://www.differencebetween.net/miscellaneous/difference-between-judgment-and-order/
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