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MODULE 2.0 – FORM AND FUNCTION IN ANIMALS & AN INTRODUCTION TO RUMINANTS AND NON RUMINANTS

2.0 INTRODUCTION

MODULE 2.0:   Learning Objectives

When you have completed  this unit, you will:

1. be able to describe the general structural types of animals and animal biodiversity;

2. be able to describe the general systems of which animals are made;

be able to describe the general make up of animals and to differentiate between ruminants and non-ruminants;

.


The term Livestock encompasses those animals belonging to the Animal Kingdom from which humans could derive economic or functional benefits.  The Animal Kingdom is made up of over a million unicellular (e.g. Amoebae) and multicellular animals (like large mammals).  The Kingdom is grouped into 35 Phyla; the majority being invertebrates (animals without backbones) while only one per cent (1%) are vertebrates (animals with backbones).  The major groupings in the Animal kingdom are listed in Box 2.1 below:

Box 2.1.  The major groupings within the Animal Kingdom

INVERTEBRATES:

Unicellular [Single Cells]

Bacteria and Protozoans

Multicellular
Parazoa



Phylum:
Porifera [Sponges]


Mesozoa

                             Phylum:
Coelenterata [True jelly fish, corals and sea anemones]



Phylum:
Ctenophora [Comb jellies]




Phylum:
Platyhelminthes [Flatworms]



Phylum:
Nemertina or Rynchocoela [Ribbon worms]



Phylum:
Nematoda [Roundworms]



Phylum:
Nematomorpha 



Phylum:
Acanthocephala [Spiny-headed worms]



Phylum:
Kinorhyncha 



Phylum:
Rotifera [Wheel animalcules]



Phylum:
Priapulida 



Phylum:
Endoprocta  [Moss animal]



Phylum:
Lorcifera 



Phylum:
Phoronida



Phylum:
Ectoprocta or Bryozoa [Moss animal]



Phylum:
Brachiopoda [Lampshells]



Phylum:
Mollusca [Mollusks]



Phylum:
Annelida [Annelids]



Phylum:
Sipuncula  [Peanut worms]

Multicellular  Animals with Exoskeletons

                             Phylum:
Arthropoda [Animals with exo-skeletons]





Class:
Arachnids





Class:
Crustaceans





Class:
Insecta



Phylum:
Chaetognatha (Arrow worms)

               Phylum:
Echinodermata (Echinoderms)





Class:
Crinoidea (Feather Stars)





Class:
Asteropidea (Sea Stars)





Class:
Ophiuroidea (Brittle Stars)





Class:
Echinoidea (Sea Urchins)





Class:
Holothuroidae (Sea Cucumbers)



Phylum:
Hemichordata (Acorn Worms)

VERTEBRATES:

Multicellular  animals with Bony Internal Skeletons and a Central Nervous Systems or Spinal Columns

                             Phylum:
Chordata





Class:
Agnatha (Jawless Fish)





Class:
Chondrichthyes (Cartiligenous Fish)





Class:
Osteichtyes (Bony Fish)





Class:
Amphibia (Salamander, Toads and Frogs)





Class:
Reptilia (Snakes, Turtles, Lizards and Crocodiles)





Class:
Aves (Birds, warm blooded)





Class:
Mammalia (Mammals, warm blooded)

As we can see, those animals with which we are most familiar would fall under the Phylum: Chordata [this includes mammals, reptiles and birds]. 

The major differences between vertebrates and invertebrates is the presence of:

· an internal skeleton;

· a spinal cord; and

· a well differentiated Central Nervous System, Digestive System and Circulatory System.


Now that you have an outline of the different animal species which comprise the Animal Kingdom, let us move a step further and use this newly-found knowledge to explore the term “Livestock”.  This term has its origin in the concept of "live animals being stored on the hoof ".   Therefore, the concept of animals as stock took root.  However, for the purpose of this course we shall attempt to view Livestock as ‘all animals’- thereby including vertebrates and invertebrates that could be of economic or functional use to human beings.  

Livestock can be grouped into three (3) categories as follows:

1. Domestic animals;

2. Animals with the Potential for or are in the process of Domestication and Production under controlled systems, to facilitate predictable outputs for marketing purposes; and 

3. Zoo/Wild Animals.

These categories are illustrated in Box 4.2 below:

Box 2.2.  The Categories of Livestock

1.     DOMESTIC ANIMALS

                     a.  Food Animals

                                        i.  Large Food Animals

                                              o  Dairy Cattle              (Bos taurus)

                                                  - meat, milk, hides and energy

                                              o  Beef cattle                (Bos sp.)

                                                  - meat, hides and energy

                                              o  Water buffalo           (Bubalus bubalis)
                                                  - milk, meat, work, hides and energy

                                         ii.  Small Food animals

                                              o  Rabbits                     (Leporidae family)

                                                  - meat, skins and furs

                                              o  Pigs                          (Sus scrofa domesticus)

                                                  - meat, skin, fat

                                              o  Chickens                  (Gallus domesticus)

                                                  [broilers, layers, broiler breeders, layer breeders]

                                                  - eggs, meat

                                              o  Turkeys                    (Meleagris gallopavo)

                                                 - meat, feathers

                                              o  Ostrich                  (Strutus australis) (S. carmelus)

                                                  - meat, feathers, skins

                                              o   Ducks common        (Anas platyrhychos)

                                                   - meat

                                              o   Muscovy Ducks      (Cairiana moschata)

                                                   - meat

                                              o   Geese                      (Anser anser)

                                                   - meat, feathers, companion animal

                                               o   Sheep                     (Ovis aries)

                                                   -  hair type, meat (tropical hair sheep)

                                                   -  wool type, milking sheep, meat type (temperate wool sheep)

                                                   -  dual or multi-purpose animals

                                               o  Goats                      (Capra hircus)

                                                   - meat and milk production, dual purpose

                                   iii.  Invertebrates

                                              o  Snails                    (  )

                                                  - meat, 
                                              o  Worms                     ( )

                                              o  Crabs                ( )
                                                  - meat, 

                                              o  Shrimps                    ()

                                                  - meat, 

                                              o  Prawns                   (Macrobracium sp. )

                                                  - meat, 

                                              o  Insects                    ( )

                                                  - meat, 

                        b.  Companion and Recreational Animals

                                              o  Horse                     (Equus caballus)

                                                  - riding, racing, driving, draft power, companion

                                              o  Asses                     (Equus asinus)

                                                  - riding, driving, draft power

                                              o  Dogs                      (Canis familiaris)

                                                  - protection, companion, racing, work

                                              o  Domestic Cats       (Felis catus)

                                                  - companion

                                              o  Camels Old World
                                                  (Single Hump)      (Camelus dromedarius) 

                                                  (Two Humped)     (C. bactrianus)

                                                 - riding, racing, draft power, milk and meat production

                                              o  Llamoids or New World Camelidae                                                                  


                                   Camels New World 

                                                  Llama                   (Llama glama)

                                                  Apalaca                (L. pacos)

                                                   - riding, racing, draft power, milk and meat production, wool, hides                                                                     

                                      c.   Laboratory Animals

                                               o  Non-human primates (12 families)  

                                               o  Guinea pigs            (Cavia porcellus)

                                                   - meat, skins, experimental animals

                                               o  Hamsters                (Cricetus cricetus)

2. ANIMALS WITH THE POTENTIAL FOR OR ARE IN THE PROCESS OF DOMESTICATION AND PRODUCTION UNDER CONTROLLED SYSTEMS TO FACILITATE PREDICTABLE OUTPUTS FOR MARKETING PURPOSES. 

                      a.  Mammals                                              

                                               o  Capybara                (Hydrochaeris hydrochaeris)


                                     - meat
                                               o  Black-eared

                                                   Opposum                (Didelphis marsuialis)

                                                   - meat

                                               o  Spotted paca 

                                                  or Lappe                  (Agouti paca)

                                                   - meat, hide


                                 o  Deer                       (Cervidae family)

                                                   - meat,  hide


                                 o  Collared Peccary

                                                    or Quenk               (Tayassu tajacu)

                                                    - meat

                                                o  Nutria                    (Myocastor coypus)

                                                    - meat and hide

                                                o  Wild Llamoids

                                                    Guanaco                (L. guanicoe)

                                                    Vicuna                   (Vicugna vicugna)
                                                    - meat and milk, hide, draught power, riding, racing, wool


                                  o  Nine banded Armadillo

                                                    or Tattoo               (Dasypus novemcinctus)

                                                    - meat


                                  o  Agouti                  (Dasyprostya leporina)

                                                    - meat

                b.  Birds


                                 o  Cocrico                   (Ortalis ruficauda)

                                                    - feathers, meat

                                                o  Emu                       (Dromiidae family)

                                                    - feathers, meat, hide

                                                o  Rhea                      (Rheidae family)

                                                    - feathers, meat, hide

                                                o  Kiwi                      (Apterygidae family)

                                                    - feathers, meat


   c.  Reptiles                  

                                                o  Snakes

                                                    -  skin, meat, eggs, gall bladder, oil

                                                o  Alligator, Crocodile and Spectacled Caiman (Caiman crocodilus)

                                                    - meat, skin

                                                o  Iguana                     (Iguana iguana)

                                                    - meat, companion

                                                o  River turtle             (Podocenemis expansa)

                                                    - meat, eggs, shell

                                                o Morocoy                 (Geochelene spp.)

                                                   - meat, eggs, shell, companion

3.   ZOO/ WILD ANIMALS

                       All Undomesticated Vertebrates and Invertebrates

2.0.1 General Structure of Animals

2.0.1 Structural Types of Animals

This was highlighted in Reading 2.1 which you did earlier.

2.0.2 Structure and Functional Units [Systems] within the Vertebrate Animals

Introduction

The following systems make up the structural and functional units of the vertebrate animal.  

1. Skeletal System

2. Muscular System

3. Nervous System

4. Circulatory [Blood Vascular] and Lymphatic Systems

5. Respiratory System

6. Reproductive System

7. Immune System

8. Endocrine System

9. Digestive System

10. Urinary System
A number of anatomical terms are needed to describe the relative positions of structures within the body. These are as follows:

Anterior = towards the head 

Posterior = towards the tail 

Dorsal = towards the upper part or back of the standing animal 

Ventral = towards the lower part or belly of the standing animal 

Medial = towards the midline plane that separates right and left sides of the body 

Lateral = towards the sides of a standing animal 

Proximal = towards the body in a limb of the animal 

Distal = away from the body in a limb of the animal 

2.0.3 The Skeletal System

We would first begin with the Skeletal System.

2.0.3.1 What is the Skeletal System and how is it made up?

The skeletal system is made up of bones and bones are living tissue.  This system has the following functions:
1. it provides protection to the animal

2. it gives rigidity and form and structure to the body

3. it acts as levers

4. it stores minerals and 
5. it provides the site [within the bone marrow] for blood formation.

The skeletal bones are made up principally of Calcium and Phosphorous.

There are two types of skeletal structures in animals and these are the Exo and Endo Skeleton.


2.0.3.2 What does the Skeletal System do and how does it work?

The functions of bones include:

1) Providing protection of vital organs

e.g. CNS is protected by the skull and vertebral column; the heart and lungs are protected by the rib cage.

2) Giving rigidity and form to the external structure and appearance of the animal.


3) Acting as levers where to vertebrates, locomotion (movement), defense, offense, grasping and other activities of this type depend on the lever action of bones.

4) Storing minerals, particularly calcium (Ca) and Phosphorous (P).

5) Providing the site for blood formation (i.e., the bone marrow).

NOTE: The skeletal system works in tandem with the muscular system.


2.0.4. The Muscular System

2.0.4.1 What is the Muscular System and how is it made up?

The muscular system of the animal body helps to provide the force to create motion and strength required by the internal organs as well as to create motion and force/ strength by the external appendages and limbs.  The functions of the muscles are based on the ability of the fibers of the muscle tissue to contract or shorten.  There are three types of muscle tissue found in animals:


2.0.4.2 What does the Muscular System do and how does it work?


2.0.5. The Nervous System

2.0.5.1 What is The Nervous System and how is it made up?

The Nervous System is composed of a well-developed system of specialized cells (neurons) capable of the reception, interpretation and transmission of stimuli producing a required action of the organism.  The nervous System is composed of:


 
2.0.5.2. What the Nervous System does and how it works?

The Central nervous system (CNS) receives, interprets and evaluates diverse information such as changes in light waves, sound waves, temperature, pressure and chemicals.  The Peripheral nervous system (PNS) provides a means of communication from the environment (both external and internal), where stimuli are received by receptor organs to the CNS and from the CNS to the proper effector organs in the body, muscles or glands.  The Autonomic nervous system (ANS) is that part of the PNS that innervates smooth muscle, cardiac muscle and glands.  So the ANS is associated with visceral structures and the remainder of the PNS is associated with somatic structures.  

Nervous tissue consists of several thousand nerve cells (neurons), which are the core of the system and supporting tissue.  These neurons are highly specialized and modified for the purpose of receiving and relaying nervous impulses.  Nervous impulses are waves of electrical charge moving along the membrane of the nerve fiber.  Several nerve fibers held together by connective tissue make up a nerve.  

Each nerve cell or neuron consists of:

· Cyton or SOMA (nerve cell body) – consists of a relatively large mass of cytoplasm (neuroplasm), one or more nucleoli, organelles (which include mitochondria, fibrils, Golgi network and a centrosome).

· Dendrites (dendrons) – short protoplasmic processes that branch repeatedly.  They conduct impulses toward the cell bodies.

· Axons (axis-cylinder processes, neuraxons or neurites) – arise from a conical mound of cytoplasm called the axon hillock.  Only one axon leaves the cell body.  Axons conduct impulses away from the cell bodies.

· Myelin Sheath – a white sheath of fatty material surrounding the axon.  Nerve fibers may also be unmyelinated.

· Nodes of Ranvier – interruption of the myelin sheath at regular intervals by constrictions.

Another important feature of the nervous system is the Synapse.  A synapse is an electrochemical transmission site.  It is usually a specialized junction between two neurons.  At the synapse, the electrical activity in the presynaptic neuron (those that conduct the impulse of the action potential toward the synapse) to its synaptic knob and through the synapse chemically links and influences the electrical excitability of the postsynaptic neuron (those that conduct impulses away from the synapse), muscle or gland. 

The Nerve Impulse  

The nerve fiber is capable of converting mechanical and chemical stimuli to electrical energy.  A stimulus is any change in the environment of a nerve which if large enough will depolarize the resting potential, and cause the nerve to produce an action potential (nerve impulse).  The stimuli can be physical (gravity, pressure, temperature, etc), chemical (hormones, toxins, etc) or electrical in nature.  In fact, any change in the environment either internal or external, can serve as a stimulus. 

The nervous system works through the nervous impulse, which is the propagation of an action potential along the axon of the neuronal membrane to serve as a means of communication between two points.  Simply, it is a wave of electrical charge moving along the membrane of the nerve fiber.  The action potential of the plasma membrane provides a means of transmitting an impulse along the membrane and therefore the means of rapid communication and response throughout the body.  The whole process of producing an action potential depends on changes in the membrane conductance to Na+ and K+.  Conductance is a property of the cell membrane that is similar to the permeability of the membrane to any ion.  It is the opposite of resistance.  Changes in the net flux (movement) of Na+ and K+ ions account for the electrical events of the action potential.   An action potential results from the reversal of polarity on the plasma membrane created by an adequate stimulus, capable of significantly increasing the movement of Na+ into the plasma membrane.  The propagation of the impulse throughout the length without decreasing magnitude is due to the energy available from metabolism within the nerve and usually proceeds in one direction (orthodromically).  The process occurs as follows:

During the resting potential there is a small excess of positive ions (cations) outside the plasma membrane of the resting  (polarized) membrane of the neuron and a small excess of negative ions (anions) inside the plasma membrane.  The unequal distribution of charges produces a measurable voltage difference across the membrane called the membrane potential, which is found on the membranes of all cells.  The excess negative and positive charges tend to attract each other, so they line up on each side of the membrane, creating an electrical potential across the membrane.  There is no flux (movement) of ions on either side of the resting membrane.

When a stimulus is strong enough to initiate an action potential, the resultant action potential consists of depolarization followed by repolarization back to the resting potential.  Depolarization involves the rapid increase in the membrane’s permeability to Na+.  Thus allows Na+ ions to rush across the membrane into the cell and so create a positive state inside the cell.  Repolarization begins after the Na+ influx essentially stops.  At this time the permeability to K+ increases and K+ ions move from the inside to the outside of the membrane until the mechanism also becomes inactivated.  While Na+ is rushing into the cell, the nerve cell is unable to produce another action potential regardless of how strong a stimulus applied.  This time is called the absolute refractory period.  

Reflexes

A reflex action is an automatic, or unconscious response of an effector organ (muscle or gland) to an appropriate stimulus.  This action includes a chain of at least three neurons, making up a reflex arc.  The three essential neurons in a reflex arc include:

· Sensory (afferent or receptor) neuron – carry the messages from the sensory organs to the spinal cord or the brain.  They are namely the eye, ear, nose, tongue and skin.

· Intermediate (relay or interneurons) neurons – receive, interpret and transmit messages.

· Effector (efferent or motor) neurons – relay the message to the effector organ, e.g., the muscles of the limb, which can cause a response reaction.

The simplest reflex is the spinal reflex.  A typical spinal reflex is the stretch reflex, illustrated by tapping the patellar ligament (tendon) to cause the knee to extend (also called the knee jerk).  Here the striking of the ligament at the knee stimulates the neurons related to the quadriceps muscle fibers to stretch.  This impulse is carried to the spinal cord, where it is then transmitted directly to the applicable motor neurons.  The impulse then travels to the muscle fibers of the quadriceps (the same muscle which the reflex wave originated) causing it to contract. 


2.0.6. The Circulatory [Blood Vascular] and Lymphatic Systems
2.0.6.1 What is the Circulatory System and how is it made up?

The circulatory system is the linkage system consisting of blood vessels.  Within these vessels  flows the liquid tissue known as blood.  This blood has been developed by nature for the maintenance of a relatively constant environment for all cells.  The Circulatory System also is associated with or consists of the Lymphatic System, which deals with the circulation of lymph (tissue fluid) within the lymphatic vessels.  Some authorities separate the two systems.  Lymph is filtered by nodular structures called Lymph Nodes (formerly ‘glands’). 

In general, the circulatory (transport) system has the following functions:

1) to carry nutrients made available by the digestive tract to body tissues;

2) to carry oxygen from the lungs to the tissues;

3) to carry carbon dioxide from the tissues to the lungs;

4) to carry waste products from various tissues to the kidneys for excretion;

5) to carry hormones from the endocrine glands to other organs of the body; 

6) for temperature control as blood transports heat from deeper structures within to the surface of the body;

7) for the maintenance of water balance, which is done partly by the blood;

8) for the maintenance of a constant pH of tissues and body fluids through buffers such as bicarbonates present in the blood;

9) for its clotting ability, which prevents excess loss of blood from injuries; and 

10) for body defense as blood contains important factors for defense of the body against disease. 

The circulatory system consists of the following components:


1)
Blood   
The connection of the entire animal body is due to the liquid tissue called blood.  Blood consists of 

· Plasma

· Erythrocytes (red blood cells)

· Leucocytes (white blood cells)

· Platelets

Plasma – This is the fluid that bathes the cells of blood.  The plasma in mammals is straw-coloured. It is made up of 92% water and 8% other soluble substances which include digested soluble food materials such as amino acids, sugars and glycerol, blood proteins (such as fibrinogen and albumin) and some mineral salts (such as Chlorides, phosphates and bicarbonates of sodium, potassium and iron), hormones, metabolic waste products (e.g. urea and uric acid).  

Erythrocytes (red blood cells) – These are biconcave-shaped cells having a thick circular margin and a thin center that are specialized in the transportation of oxygen.  The biconcave disks (cells) have a relatively large surface area for oxygen exchange across the cell membrane.  The presence of haemoglobin (Hb) in the red blood cells (RBC) is responsible for their ability to transport oxygen and for the red colour of the erythrocytes.  Hb combines with oxygen from the air from the lungs to form oxyhaemoglobin (HbO2), which is bright red in colour.  The HbO2 readily gives up its oxygen to tissue cells within the body deprived of oxygen, where it re-converts to Hb.

RBC’s are short-lived, having a life span of approximately 3 months.  As the older corpuscles die and disintegrate releasing Hb into the blood, and broken cell debris is removed from circulation by macrophages (specialized cells from the liver, spleen, bone marrow and lymph nodes that engulf and digest foreign material).  The broken down products constitute a large portion of bile salts.  An excess of bile in the system results in a condition known as jaundice.  New cells are formed in the bone marrow and sent into the blood stream.

Leucocytes (white blood cells) – These are larger in size than the RBC but are fewer in numbers.  They are nucleated and are capable of independent movement.  They are produced by the lymphatic tissue and red bone marrow.  Unlike RBC however, they do not have a definite shape, being amoeboid.  The life span of WBC is variable, from hours to years.  They are classified as follows:

· Granulocytes – contain granules within the cell’s cytoplasm and their nuclei occur in many shapes and forms.  Granulocytes can be further sub-divided into:

· Neutrophils – constitute the first line of defense against infection by migrating to any area invaded by bacteria, passing through vessel walls and engulfing the bacteria to destroy them.  In the process these cells degrade dead tissue in the area resulting in a semi liquid known as pus.  The number of neutrophils increases rapidly whenever acute infection is present.  They constitute the greatest number of WBC.

· Eosinophils (Acidophils) – normally scarce, but increase in numbers in certain chronic diseases such as infection with parasites.

· Basophils – rare in normal blood.  They are involved with inflammation and contain some histamine.

· Agranulocytes – usually few granules in the rather sparse cytoplasm.  They may be further subdivided into:

· Monocytes – the largest of the WBC and they are phagocytic.  They have the ability to engulf foreign matter such as bacteria.  When they enter tissues from the blood, they develop into larger phagocytes called macrophages.

· Lymphocytes – variable in size and appearance.  They have a relatively large nucleus surrounded by a small amount of cytoplasm.  These cells respond to antigens (foreign substances) by forming antibodies that circulate in the blood or in the development of cellular immunity.

Platelets (Thrombocytes) – These are fragments of large cells formed from bone marrow.  They are tiny, irregular, square or star shaped surrounded by a plasma membrane.  They contain some organelles, but no nuclei.  Platelets are important in blood clotting, which occurs in areas of injury.  Clotting occurs by the adherence of the thrombocytes to the vessel walls and to each other in the area of injury.  The platelets may form a haemostatic plug upon which a white thrombus (clot) forms that can occlude the opening in the vessel and prevent further blood loss.

The platelets produce a factor that helps convert soluble plasma protein fribrinogen to insoluble fibrin.  The fibrin forms a very fine network of fibers, which trap the blood cells and cause the formation of a blood clot.  Some animals are unable to form a blood clot and so suffer from a disease known as Haemophilia.

2)
The Heart   

The heart is a cone-shaped, hollow muscular structure that is attached to other thoracic structures by large arteries, veins and the pericardial sac.  The heart is made up of the  follows:

· Pericardium

· Left and Right Atrium

· A-V Valve

· Left and Right Ventricles

· Chordae tendineae

· Papillary muscle

· Semi-lunar valves

Pericardium – a serous sac that partially surrounds the heart, and like other serous sacs is a completely closed sac that contains only a small amount of fluid for lubrication called the pericardial fluid.  

The Heart Wall consists of 3 layers:  

i. Epicardium – outer serous covering

ii. Endocardium – inner endothelial lining.

iii. Myocardium – a thick muscular layer, which consists of cardiac muscles.

Left and Right Atrium.The heart is divided into a right and left side by the septum, hence the two sides have no connection with each other.  Each side consists of:

Atria – receives blood by way of large veins.

Atrioventricular Valve (A-V valve) – large valve located between the atrium and the ventricle of each side of the heart.  The left A-V valve is called the bicuspid or mitral valve (2flabs).  The right A-V valve is called the tricuspid valve because it has 3 flaps of cusps.

Ventricle – pumps blood from the heart by way of a large artery.

Chordae tendineae – special fibrous, non-elastic cords that attach the bicuspid and tricuspid valves to the inner walls of the ventricles.

Papillary muscle – small muscular protrusions to which the chordae tendineae are attached.  They maintain the tension on the chordae tendineae prevents the valves from being forced upwards into the atrium when the ventricles contact.  Shortening as the ventricular wall shortens during systolic contraction.

Semi-lunar valves – prevents blood from returning into the respective ventricles relax.

a) Aortic semi-lunar valve – 3 cusped valves located at the junction of the left ventricle and aorta.

b) Pulmonary semi-lunar valve – located at the junction of the pulmonary artery and right ventricle.

The valves help control the direction of blood flow; they allow the blood to flow out of the heart and into the arteries.  When the blood flows in the correct direction, the valves are pushed against the walls.

3)
Blood Vessels

The blood vessels originate and converge at the heart.  They include:

Arteries – These are tubular structures that carry blood away from the heart.  The largest arteries are known as elastic arteries because a large portion of the arterial wall consists of elastic tissue.  Elasticity is important for the maintenance of the blood pressure during diastole.  Smaller arteries contain a large amount of smooth muscle in the arterial wall. The smooth muscle controls the size of the vessel and consequently the amount of blood flowing through it at a given point of time.

Arterioles – These are the smallest muscular arteries immediately before giving rise to capillaries.  The heavy, circular, smooth muscle surrounding the termination of the arterioles is important because it controls the amount of blood each capillary receives.  Tension of the muscle around the arterioles also aids in maintaining blood pressure throughout the arterial system.

Capillaries – These are tiny tubes almost entirely composed of endothelium, a continuation of the simple squamous epithelium that lines the heart and blood vessels.  These thin-walled vessels are only large enough in diameter to accommodate a single file of erythrocytes.  The wall acts as a semi permeable membrane that permits water, oxygen and nutrients to leave the blood for tissue cells and permits waste products from tissue cells to enter the blood.

Veins – These are larger than arteries they accompany and have much thinner walls, with only a slight amount of muscle tissue present.  Valves usually consisting of cusps each are scattered at irregular intervals throughout the venous and lymphatic system.  A valve is frequently present where two or more veins unite to form a larger vein.  The valves within the veins are always directed so that they will allow blood flow only toward the heart, i.e., they prevent backwash of blood, which can result in blood being forced back into the capillary beds and also permit muscle contractions and movement of body parts to aid the flow of blood toward the heart.  Blood pressure in the veins is low, since little arterial pressure is transmitted through the capillaries to the veins.

The Lymphatic System

This system serves as a system for draining tissue fluid that parallels and augments the venous circulation and therefore assists in the control of interstitial fluid pressure.  This system  forms antibodies and acts as a defense mechanism against noxious materials by filtering them out of the toxic fluid and phagocytizing them, thereby assisting in the control of the infection.   

Lymphoid tissue consists of accumulations of lymphocytes (lymph cells) trapped in the spaces between fibers of connective tissue.  Lymphoid tissue may be scattered diffusely in some organs (e.g. the intestinal submucosa), or aggregates of lymphoid tissue may appear as nodules or be encapsulated to form specific organs including lymph nodes, the tonsils and the spleen.  

The Lymphatic System is composed of: Lymph, Lymphatic Vessels and Lymphatic Nodes. 

Lymph – This is excess tissue fluid that is not absorbed by the blood capillaries, which enters the lymphatic capillaries.  It is a clear, colourless liquid similar to blood plasma from which it is derived.  It may contain a few RBC and numerous lymphocytes as well as inorganic salts, glucose, non-protein nitrogenous substances and some proteins. 

Lymphatic Vessels – They constitute a one-way channel that parallels the venous system and eventually empties into the cranial venae cava or some of its tributaries.  The smallest lymphatics begin between tissue cells as lymphatic capillaries, which collect the excess tissue fluid not absorbed by the venous system.  When the tissue fluid enters the lymphatic vessels, it is known as lymph, which consists of fluid originally derived from the blood and is on its way back to the blood.   These lymphatic vessels resemble veins:

· They have numerous valves scattered through out their course permitting the flow of lymph only in one direction toward the heart or the great veins just caudal to the heart.

· Their walls are much thinner than those of the arteries and usually thinner than veins. 

Lymph Nodes – These are discrete nodular structures scattered along the course of the lymphatic vessels.  They serve as filters for the lymph and act as one of the first body defenses against infection by harboring lymphocytes and plasma cells, which produce antibodies and macrophages that phagocytise (ingest) bacteria.  In addition to the lymphocytes, lymph nodes also contain plasma cells.  Plasma cells are an important source of antibodies produced by the animal body.


2.0.6.2 What the Circulator System does and how it works?

Every time the heart of a mammal beats (pumps), blood is forced out of it.  Immediately before a beat, deoxygenated blood (blood relatively low in oxygen content) returns to the heart by the cranial and caudal venae cavae (sing – cava).  These large veins enter the right atrium of the heart, which is a thin-walled area for collection of returning blood and carry blood from every part of the body except the lungs.  Next, the blood passes through the right A-V valve (tricuspid valve) into the right ventricle.  The left atrium receives oxygenated blood from the pulmonary veins arising from the two lungs.  From the left atrium blood passes through the left A-V (bicuspid) valve into the thick-walled left ventricle.  A heartbeat occurs in 2 stages, Diastole and Systole.

1)
Diastole - the ventricles are relaxed.  The two atria contract, creating a high pressure in the blood contained in them.  This pressure causes the bicuspid and the tricuspid valves to fold downwards and backwards into the ventricles, so allowing blood to flow from the atria into the ventricles.  Hence, deoxygenated blood enters the right ventricle and oxygenated blood enters the left ventricle.  When the ventricles are full, the cuspid valves close up the apparatus between the upper and lower chambers.  This happens by means of the blood forcing the cusps upwards so that they meet one another at the center of the apertures.

2)
Systole – this involves the contraction of the two ventricles.  This results in the blood being forced out of the heart.  Deoxygenated blood from the right ventricle passes into the pulmonary artery while oxygenated blood from the left ventricle passes into the aorta where it would be directed to the rest of the animal’s body.  While this is happening, blood from the body is filling up the atria again.  The first stage of the next heartbeat then follows after a short lapse of time and the cycle repeats itself.


I think that you may now need a brake!!!!!!!

2.0.7. The Respiratory System

2.0.7.1 What is the Respiratory System and how is it made up?

Respiration is the process during which oxygen and carbon dioxide are exchanged between the animal and its surrounding environment.  Respiration takes place in two stages:

1) External Respiration – oxygen from outside enters the respiratory structures such as the lungs and other   respiratory organs.  The output of carbon dioxide and water vapour is also part of external respiration.

2) Internal (Tissue) Respiration – takes place when individual cells in the body for the oxidation of food substances use up the oxygen taken in.

C6H12O6   +    6O2                                          6 CO2   +   6H2O   +   2827kJ

(Glucose/potential energy)    


           

          (kinetic/heat energy)

The Respiratory System refers to those structures involved in the exchange of gases between the blood and the external environment (system).  Oxygen is the most vital requirement of animals.  An animal may survive for days without water or weeks without food, but life without oxygen is measured in minutes.  

The Respiratory System consists of: 

· Nostrils (nares) – external openings of the air passage.  

· Nasal Cavity – separated from the mouth by hard and soft palates and separated into two halves in bay a median cartilagous septum and is lined with mucous membranes in the caudal part. The nasal cavity contains the sensory endings of the Olfactory Nerve, which mediates the sense of smell.

· Sinuses – air-filled cavities whose passages in certain cranial bones open into the nasal cavity.  Dehoring mature cattle usually open the frontal sinus, which is continued into the horn core.  The opened sinus is susceptible to infection of foreign materials gets into the opening; this infection is called sinusitis.
· Pharynx – a common passageway for food and air, yet normally air cannot be inspired at the same time food is being swallowed. 

· Larynx (Voice Box) – controls inspiration and expiration of air, prevents inhalation of foreign objects and is essential in voice production. 

· Trachea – a non-collapsible tube formed by a series of adjacent cartilage rings, which are incomplete dorsally. It passes caudad as far as the base of the heart, where it divides into two chief Bronchi (singular – bronchus), one for each lung.  The ruminants and pig also have a cranial bronchus, which supplies the cranial lobe of the right lung. 

· Bronchi branch into small bronchi and finally form even small branches called Bronchioles.  Each bronchiole then branches into several alveolar ducts, which terminate as Alveolar Sacs consisting of numerous Alveoli (singular alveolus). 

· Diaphragm – dome-shaped muscular wall that separates the thorax from the abdomen.  The thorax is supported by a framework and consists of the thoracic cavity.  It is made of the sternum (breastbone) in front, the vertebral column (backbone) at the back and twelve pairs of ribs at the sides.  The ribs are attached to the backbone and the breastbone so forming a cage.  Intercostal muscles connect them to one another.

· Lungs – each lung is a cone-shaped structure, with the base resting against the cranial side of the diaphragm.  After an animal takes one breath, the lungs will never completely collapse, even if air is permitted to enter the pleural cavity.  Lungs have a low specific gravity, which in the adult is less than that of water.  Whether the lung will sink or float in water is a standard test to determine whether a newborn animal was born dead or of the lung was diseased in an adult mortality. If the animal draws at least one breath or the lungs are healthy, the lungs will float.  However, if the animal did not draw one breath or the lungs were diseased, then the lungs will sink in the water.  

Note: Outer Pleural Membrane – lines inside of the thoracic cavity.

          Inner Pleural Membrane – the folding over of the outer pleural membrane that 





         covers the lungs.

          Pleural Cavity – the space between the pleura that is filled with fluid to allow the

    lungs to move smoothly and slide over each other.

2.0.7.2 What the Respiratory System does and how it works?
The respiratory apparatus provides an open passageway for air from the exterior to reach the alveoli.  The thin membranes of the alveolar wall and capillaries facilitate the movement of oxygen into the blood and movement of carbon dioxide into the alveolar air.  As mentioned earlier, respiration occurs in two stages as follows: 

1)
External Respiration

External respiration depends on the movement of air into (inspiration) and out of (expiration) the lungs.  For inspiration to occur the thoracic cavity first increases volume.  This reduces the already negative pressure (relative to the atmospheric pressure) in the pleural cavity, which results in the inflow of air.  This action is effected by:

1) The stretching and flattening of the dome-shaped diaphram via its contraction, thereby increasing the length and volume of the thorax.

2) The contraction of the intercostals muscles resulting in the movement of ribs upward and outward.  Since the portion of the backbone is fixed, the sternum moves forward.  So volume increases and the internal pressure decreases so air rushes into the lungs. 

3) Finally, the alveoli become filled with air and the entire lung expands and increases in volume.

2)
Gaseous Exchange

This process follows inspiration.  The oxygen contained in the inspired air diffuses in to the blood in the capillaries surrounding the alveoli.  This happens because the concentration of oxygen of the blood is lower than that of the air in the alveoli.  The oxygen combines with haemoglobin (Hb) producing oxyhaemoglobin (HbO2), which gives the bright red colour to oxygenated blood.  In deoxygenated blood the oxyhaemoglobin has been re-converted to haemoglobin.  The carbon dioxide resulting from metabolic processes within the cell diffuses into the blood.  Most of the carbon dioxide is transported in the blood as bicarbonate ions (HCO3-).  This blood is brought to the lungs where the HCO3- ions decompose to give carbon dioxide, which diffuses into the air sacs.  This happens because the carbon dioxide concentration in the blood is higher in the air sacs.

3)
Expiration

Expiration is the movement of air out of the lungs.  It occurs when the volume of the thorax is decreased.  The decrease in thoracic is largely passive because of the tendency of elastic structures to return to their normal shape and location.  This occurs as follows:

1) The diaphragm resumes its dome-shape

2) The intercostals muscles of the ribs relax causing the ribs to move downwards and inwards into their original position.

3) The sternum moves inwards.

Hence the internal volume of the thoracic cavity decreases and the lungs are forced to contract.  The air pressure of the lungs increases and the air ids thus forced out through the respiratory passages.

The Gaseous Composition of the inhaled and exhaled air of a Mammal.

	Gas
	Inhaled Air
	Exhaled Air

	O2
	21%
	16%

	CO2
	0.04%
	4%

	N
	79%
	79%

	H2O Vapour
	Variable
	Saturated


Source: Ramalingam, et al (1984).

Terms for Respiration. 
Residual Volume (RV) – the amount of air remaining in the lung after a maximal expiratory effort, i.e., air that can never be expelled naturally. Hence, the lungs of mammals are never completely empty.

Tidal Volume (TV) – the amount of air inspired or expired during normal respiration.  It increases during excitement and activity.

Inspiratory Reserve Volume (IRV) – the amount of air that can be inspired above and beyond that which is inspired during a normal quiet inspiration.

Expiratory Reserve Volume (ERV) – the maximal amount of air that can be expired following a normal quiet expiration.

Total Lung Capacity (TLC) – the amount of air contained in the lung at the end of the maximal inspiration, i.e., the total air that the lung is capable of holding.


TLC  =  IRV  +  TV  +  ERV  +  RV

Dead Space – the space occupied by air at the end of expiration.


2.0.8. The Reproductive System

It is very important to highlight to you at this location in the course that for purposes of Intensive Animal Production Management the two most important systems are The Digestive and the Reproductive Systems.  This is so as after breathing or the taking in of Oxygen animals must eat to stay alive.  In addition for the continuity of any species the animals must then be able to reproduce.

In this section we have attempted a summary of all the important aspects of reproduction in mammals.  Later on in this unit you will be presented with the diagrams of the reproductive systems of different species.

2.0.8.1 What is the Reproductive System and how is it made up?

The basic function of these systems is for the propagation of the species.  Hence the organs of the mammalian male reproductive system 

· are involved with the production of male gametes (spermatozoa), 
· their deposition into the female reproductive tract to fertilize female gametes (ova), 
· and the production and secretion of hormones, which regulate this process.  

The understanding  of this mammalian system to the farmer is important because his understanding of this process will enable him to manage the animals’ reproduction so that his operation will be able to produce animals continuously.  

[A]
The Male Reproductive System

What is the Male Reproductive System and how is it made up?

The male reproductive system of farm mammals consists of:

· 2 testes (testicles-sing.) contained in a scrotum that produces sperm,[ the male sex cell]  and testosterone [ the male sex hormone].

· Accessory organs: Epididymis                                                    These structures 

Ductus Deferens


assist the spermatozoa 

Ampullae



            to reach the ova of the 

Vesicular Glands (Seminal vesicles)
            female in a condition

Prostrate Gland



       conducive to 



      
Bulbourethral (Cowper’s) Glands

       fertilization

· Urethra

· Penis

· Prepuce

Testes

They vary somewhat from species to species in shape, size and location, but the essential structure is the same.  Each testis consists of a mass of seminiferous tubules surrounded by a heavy fibrous capsule called the tunica albuginea.  A number of fibrous septa or trabeculae pass inward from the tunica albuginea to form a framework, or stroma, for support of the seminiferous tubules.  The seminferous tubules are the site of spermatogenesis, the formation of spermatozoa.  Both ends of the seminiferous tubules are connected to the central region of the rete testis, which consists of canals that join the ductus epididymis in the head of the epididymis.

The Leydig cells, which secrete the male hormone, testosterone (T), are located in the connective tissue between the seminiferous tubules.  Sertoli cells (sustentacular or nurse cells) are interspersed between and envelop developing spermatids and their precursors.  The cells are presumed to nourish the developing male sex cells and may transform T to estrogen under the influence of follicle stimulating hormone (FSH).

Epididymis

The spermatozoa pass from the seminiferous tubule by way of the ductulus efferens to the head of the epididymis.  The epididymis is a long, convoluted tube that connects the vasa efferentia of the testes with the ductus deferens (vas deferens).  The head of the epidiymis attaches to the same end of the testes that the blood vessels and nerves enter.  The body of the epididymis parallels the long axis of the testis, and tail of the epididymis continues as the vas deferens, which doubles back along the body of the epididymis to the region of the head, where it enters the spermatic cord.  

The epididymis serves as a place for spermatozoa to mature prior to the time they are expelled by ejaculation.  Spermatozoa are immature when they leave the testicle and must undergo a period of maturation within the epididymis before they are capable of fertilizing ova.

Ductus Deferens (Vas Deferens)

This is a muscular tube, which at the time of ejaculation propels the spermatozoa from the epididymis to the ejaculatory duct.  As the two (2) vas deferens approach the urethra, they convey and continue to the bladder.

Scrotum

A cutaneous (skin) sac that conforms in size, shape and location to the testes it contains.  The scrotal skin in thin, pliable, and relatively hairless.  A layer of fibroelastic tissue mixed with smooth muscle fibers called tunica dartos, is immediately deep to the skin and in cold weather the muscle fibers of the dartos contract and help the testes against the abdominal wall.

Spermatic Cord

The testicular vessels and nerves make up a large part of the spermatic cord, which connects the testes with the rest of the body.  This spermatic cord also includes:

· The ductus deferens, which connects the tail of the epididymis with the prestatic urethra (portion of the urethra surrounded by the prostrate gland).

· A few smooth muscle fibers scattered through out the spermatic cord male up the internal cremaster muscle, which helps hold the other structures of the cord together.


Accessory Glands

Accessory glands produce the greater part of the ejaculate, or semen, which serves as a transport of sperm, as a favorable medium for nutrition, and as a buffer against excess acidity of the female genitailial tract.  They include:

1) Ampullae – glandar enlargement of the terminal parts of the vas deferens.  Glands of the ampullae empty into the vas deferens and contribute fluid to the semen. 

2) Vesicular Glands (Seminal Vesicles) – paired glands that empty in common with the ductus deferentia by way of the various ejaculatory ducts into the pelvic urethra.

3) Prostrate Gland – an unpaired gland that more or less completely surrounds that pelvic urethra.  It produces an alkaline secretion that helps give semen its characteristic odor.

4) Bulbourethral (Cowper’s) Glands – small-paired glands located on either side of the pelvic urethra.

Penis
The male organ of copulation.  Erection prior to copulation occurs when more blood enters the penis by way of the arterial supply than leaves by the veins.  The increased blood volume enlarges the penis and makes it turgid.

Prepuce

This is an invaginated fold of skin surrounding the free extremity of the penis.

Spermatozoa (Spermatozoan – sing.) 

Spermatoza are minute, motile male gametes produced by male gonads, the testes, and released in millions.  They have various shapes according to species but share a common structure.  Each spermatozoon is composed of five regions.  They include the:

i) Head

ii) Neck

iii) Middle piece

iv) Principle piece

v) End piece

Head – consists of a nucleus extending about 1/3 the length of the head and contains a haploid number of chromosomes.  RNA (ribonucleic acid) is also present in the nucleus of the spermatozoon, but in small quantities.  The head is covered by a membrane-enclosed structure called the acrosome, which contains hydrolytic enzymes involved in the penetration of the oocyte (female gamete) by the sperm immediately prior to fertilization.

Neck – the short region that contains a pair of centrioles lying at right angles to each other.  The microtubules of one of the centrioles elongate and run the entire length of the rest of the spermatozoon forming the axial filament of the flagellum.

Middle piece – considered the power plant of the cells because of the high concentration of mitochondria.  The mitochondria contain the enzyme systems that carry out respiratory cycles necessary for the production of ATP energy.  This energy released by the mitochondria is used in the contractile mechanisms, which bring about movement of the flagellum.

Principal and End Piece – flagellate, the contractile fibrils of the centrioles in the mid piece extend towards the tail and produce movement.

What the Male Reproductive System does and how it works?

As mentioned earlier, the male reproductive system consists of the organs necessary for the production of spermatozoa and their deposition into the female reproductive system.  This system also produces hormones, which regulate the process.  

Spermatogenesis

Spermatogenesis is the process by which primary sex cells in the testes produce spermatozoa.  It takes place in two stages:

i) Spermatogenesis – sequence of cell divisions

ii) Spermiogenesis – complex process of differentiation.

Cells of the germinal epithelium contain primary male sex cells, which make up the periphery of the seminiferous tubules.  These cells undergo a sequence of mitiotic and meiotic divisions to produce mature male gametes.  The process involves three stages:

Mulitplication stage – repeated mitiotic divisions producing many spermatozoa

Growth Stage -  in preparation for meiotic division and cytokinesis.

Maturation Stage – first and second meiotic divisions occur followed by differentiation of the haploid.


Illustration of the Process of Spermatogenesis.

Germinal Epithelial Cells

Mitosis

Spermatogonia – 

(generalized cells at the periphery of the seminiferous tubules)

                                      Increase in cell size

Primary Spermatocytes

                                     1st meiotic division

Secondary Spermatocytes (haploid)

                                       2nd meiotic division

Spermatids

                      (Spermiogenesis)                   Series of nuclear & cytoplasmic change

Spermatozoa

This process occurs in close association with Sertoli cells, which provide mechanical support, protection and nourishment during maturation of the spermatozoa.  All nutrients, oxygen and waste substances between the developing gametes and the blood vessels surrounding the tubules pass through the Sertoli cells.  The Sertoli cells secrete the fluid carrying spermatozoa through the tubules.

Note: Daily production of spermatozoa is large in normal male animals.  Some numbers include:

4.4  x  109 – ram

2.0  x  109 - bull

Erection

This is essentially an increase in the turgidity of the organ caused by a greater inflow than outflow of blood, with a resultant increase in pressure within the penis.  When the penis of the horse or dog erects, an increase in diameter and length occurs.  The penis of ruminants and swine erects by the straightening of the sigmoid flexure.  The length and diameter however remain nearly the same as in the relaxed condition.  Erection permits the entrance of the penis into the vagina facilitation the deposition of sperm into the female for fertilization. 

Ejaculation

This is a reflex emptying of the epididymis, urethra, and accessory sex glands of the male.  The reflex is most commonly caused by stimulation of the glans penis.  It can also occur by manual massage of the accessory glands through the rectum or by the use of an electric ejaculator.

Endocrine Function of the Male Reproductive System

The growth, development and maintenance of the testes are controlled by the pituitary gonadotrophins Follicle Stimulating Hormone (FSH) and Luteinising Hormone (LH).  FSH stimulates development of spermatozoa and LH stimulates the synthesis of the steroid hormone testosterone by Leydig Cells.  Testosterone is the principal hormone and it affects both primary and secondary sexual characteristics.  It is known as an androgen.

Testosterone and FSH are required for successful production of sperm, while testosterone alone controls development of secondary sexual characteristics, e.g., deeper voice, increased body size and muscle mass, development of external genitailia and accessory glands of the reproductive tract, behavioural activities associated with mating.

Castration

Castration results in a lack of testosterone, which causes a lack of libido (sex drive) and the inability to produce offspring.  If an animal is castrated after attaining sexual maturity, it may continue to mate if it had sexual experience before castration.  If an animal is castrated before puberty, many of the masculine secondary sex characteristics fail to develop and the castrated animal resembles a female animal of the species.  Also accessory glands fail to develop and may regress and become nonfunctional, if castration occurs after sexual maturity.  

[B]
The Female Reproductive System
What is the Female Reproductive System and how is it made up?

Female involvement in reproduction is greater than that of the male.  The organs of the reproductive system of the mammalian females are involved in the cyclical production of gametes (ova), their release and transportation to the site of internal fertilization, the sustenance of the products of conception (fetus) during subsequent pregnancies, and the successful delivery of viable and living offspring (parturition). 

The female reproductive system is composed of:  
1) Two ovaries

2) Two uterine tubes (also known as Fallopian Tubes or Oviducts)

3) The uterus

4) Vagina

5) Vulva

In essence, the ovum (egg) is expelled from the ovary and received by the infundibulum and carried to the uterine tube, where fertilization normally occurs during passage of the ovum from the ovary to the uterus.  Within the uterus, the fertilized ovum (zygote) develops into an embryo and then into a fetus, and finally passes out of the uterus through the vagina and vulva as a newborn animal (neonate).

Ovaries  

They are the primary (or essential) organs of reproduction in the female, just as the testes are in the male.  The ovaries may be considered to be both endocrine (hormone producing) and cytogenesis (cell producing) in nature.  They are paired glands consisting of a right ovary located behind the right kidney and a left ovary located behind the left kidney.  When palpated through the wall of the rectum, an ovary feels solid because of the large amount of connective tissue that makes up the stroma of the gland.  The size of the ovary varies considerably from species to species, and even within a species there is some variation.  The ovaries consist of:

(a)  Medulla (or central portion) which is the most vascular part.

(b)  Cortex (or outer portion), which consists of dense irregular connective tissue.  The outer layer of cortex is a dense connective tissue capsule called the tunica albuginea.  The cortex is composed of developing follicles and the medulla is composed of stroma, containing connective tissue, blood vessels and mature follicles.

Uterine Tubes (Fallopian Tubes or Oviducts)

They are paired, convoluted, muscular tubes that conduct ova from each ovary to the respective horn of the uterus and also serve as the usual site for fertilization of the ova by the spermatozoa.  The portion of the uterine tube adjacent to the ovary is expanded to form a funnel-like structure called the infundibulum.  The fringe-like margin of the infundibulum is called the fimbria.

The lining of the uterine tube is a highly folded mucous membrane covered mainly with ciliated epithelium.  During ‘heat’ (estrus) and before parturition (birth), the nonciliated cells become actively secretory.  The rest of the wall of the uterine tube includes a connective tissue submucosa, an inner circular smooth muscle layer, and superficially a layer of connective tissue.  Both cilia and muscles function in the movement of ova and possibly spermatozoa.

Uterus

The uterus of the domestic mammal consists of a corpus (body), a cervix (neck) and two horns or cornua.  It is a thick-walled, hollow, muscular organ that consists of the:

· Endometrium - a lining of mucous membrane, which is highly glandular.  It varies in thickness and vascularity with hormonal changes in the ovary and with pregnancy.

· Myometrium – an intermediate smooth muscle layer

· Peritoneum – an outer serous layer.

Cervix

The cervix (neck) of the uterus projects caudally into the vagina.  It is a heavy, smooth muscle sphincter that is tightly closed except during estrus (heat) or birth.  At the time of estrus the cervix relaxes slightly, permitting spermatozoa to enter the uterus.

NB: During pregnancy, the amount of muscle in the uterine wall increases immensely, both by an increase in cell size (hypertrophy) and by an increase in cell numbers (hyperplasia).

Vagina

The vagina is that portion of the birth canal that is located within the pelvis, between the uterus cranially and the vulva caudally.  It serves as a sheath for acceptance of the penis of the male during copulation, which is the act of breeding or servicing.

Vulva

The vulva (pudendum femininum) is the external portion of the genitailia of the female that extends from the vagina to the exterior.  In domestic animals, the labia (lips) of the vulva are simple, rather than consisting of major and minor labia as in the human.

The ventral commissure (lowest part) of the vulva conceals the clitoris, which has the same embryonic origin as the penis in the male.  The clitoris is made of erectile tissue that is well supplied with sensory nerve endings.

What Female Reproductive System does and how it works?

The female reproductive system becomes functionally developed at puberty.

Puberty

This is the period during which reproductive organs first become functional.  In the female, puberty is the first estrus [heat/ receptivity to the male] accompanied by ovulation.  It however differs between species as follows:

Dairy Cattle 
– 10 to 15 months 

Beef Cattle 
– 11 to 18 months


Mares 

- 7 to 15 months

Ewes, sows and bitches – as young as 6 months

Humans 
- 12 to 15 years

The onset of puberty is usually initiated when the animal has attained a critical minimum body weight for the respective species of animal.

Ovarian developments associated with sexual maturity include oogenesis (the development of the ovum from primary sex cells), folliculogenesis (the development of follicles), and ovulation and the formation of the corpora lutea.

Oogenesis  
Oogenesis as mentioned before is the development of the ovum from primary sex cells.  Unlike the production of spermatozoa in males, which only begins at puberty, the production of ova in females begins before birth and is completed only after fertilization.  This process is the maturation of female primary sex cells, which results in only one mature ovum and three rudimentary cells called polar bodies.  

During fetal development, primodial cells undergo repetitive mitotic division and produce many larger cells called oogonia.  These undergo mitosis to form primary oocytes, which remain at prophase stage of division until just before ovulation.  A single layer of cells, the membrana granulose and form structures known as primordial follicles encloses primary oocytes.

HELLO!!!! Approximately 2 x 106 follicles exist in the fetal female just before birth, but only about 450 ever develop into secondary oocytes, which are released from the ovary during the estrus cycle.  And from this, only one is needed for fertilization!!!!!!!

Prior to ovulation, the primary oocyte undergoes the first meiotic division to form the haploid secondary oocyte and the first polar body.  The second meiotic division proceeds as far as metaphase, but does not continue until a sperm fuses with the oocyte.  At fertility, the secondary oocyte undergoes the second meiotic division producing a large cell, the ovum and a second polar body.  Hear this!!!  All polar bodies are small cells that have no role in oogenesis and they eventually degenerate.

Folliculogenesis

This is the entire process by which the primordial follicles develop into mature Graafian follicles.  Essentially, the primordial follicles progresses sequentially through several stages of development and these stages include:

Primordial Follicle

Primary (Pre-antral) Follicle

Secondary (Antral) Follicle

Graafian (Mature) Follicle

Note: While the follicles are undergoing development, the primary oocytes contained therein simultaneously undergo maturational changes (both nuclear and cytoplasmic) to differentiate into secondary ooocytes.

Ovulation

Ovulation results in the rupturing of the mature Graafian follicles that protrude from the surface of the ovary and the extrusion of the secondary oocytes and follicular fluid into the peritoneal cavity, to be taken up by the oviducts.  The expulsion occurs in the vicinity of the infundibulum of the oviduct.  In most mammals, ovulation is closely associated with heat, or estrus, because of the absorption into the blood stream of large amounts of estrogen just prior to ovulation.

Spontaneous Ovulators are animals that do not require coitus (mating) for ovulating.  They include the ruminant, sow, bitch, primates, mouse, rat and guinea pig.

Induced Ovulators are animals that require coitus for normal ovulation.  They include cat, rabbit, ferrit, mink and members of the cameloid family. In these animal ovulation is caused by a delayed neuroendocrine reflex involving hormone release from the pituitary resulting from stimulation by the act of coitus.  If coitus does not occur in these animals, the follicle with enclosed ovum regresses. 

Monotocous animals are animals not bearing litters, such as the horse and cow, normally have only one offspring per gestation.

Polytocous animals such as carnivores and swine, which normally produce two or more offspring per gestation.

Ovulation requires high concentration of gonadotropins.  FSH levels doubles and LH levels increases 10 – 100 times!!!!  This LH surge appears to be the trigger for ovulation.  If the ovum released during ovulation is not fertilized, the corpus luteum (CL), which is called a corpus luteum of estrus, regresses and disappears leaving only a scar called a corpus albicans.  If the ovum is fertilized and pregnancy ensues, the CL may last through out the gestation period as a corpus luteum of pregnancy.  The CL is in reality an endocrine gland that produces progesterone, a hormone essential for maintenance of pregnancy.

Note: Occasionally a CL of estrus fails to regress and the animal does not come in season (heat), thus giving the false appearance of being pregnant. 

The Estrous /Oestrous Cycle  
Domestic female animals come into heat at fairly regular intervals that differ widely between species.  This interval from the beginning of one heat period to the beginning of the next is called the estrous cycle.  This cycle is controlled directly by hormones from the ovary and indirectly by hormones from the adenohypophysis of the pituitary gland.  The estrous cycle is divided into several well-marked phases called:

· Proestrus

· Estrus [Heat]

· Metestrus

· Diestrus

· Anestrus

Proestrus (The Building Phase) – under stimulation of FSH and some LH.  The ovary produces increasing quantities of estrogens, which cause increased development of the uterus, vagina, oviducts and ovarian follicles.

Estrus – the period of sexual receptivity in the female.  It is determined largely by the increased estrogen level, which also stimulates the release of LH Releasing Hormone (LHRH).  Estrus is concurrent with the follicular phase of the estrous cycle when FSH decreases because of negative feedback of estrogen and inhibin.

Metestrus – the postovulatory phase during which the CL functions.  During this period there is a decrease in estrogen and an increase in progesterone formed by the ovary.

Diestrus – this is a relatively short period of quiescence between estrous cycles in polyestrous animals.

Anestrus – is a longer period of quiescence between the breeding seasons. Goats and Pigs for example show Lactational Anestrus [i.e. while they are suckling they do not cycle and would not receive the male or be able to get pregnant.

Summary of Estrous Cycles

The estrous cycle may be summarized as follows:

A. Proestrus – the period of build-up during which follicles increase in size, vaginal wall thickness and uterine vascularity increases.

B. Estrus – the period of heat and greatest receptivity to the male; rupture of ovarian follicles (ovulation) in most farm animals.

C. Metestrus – formation of the corpus luteum, changes in vaginal wall and uterus.

Alternatives that may follow metestrus:

1) Diestrus – short period of inactivity before the next proestrus period during the breeding season of polyestrous animals.

2) Pregnancy  (false pregnancy) – period of gestation.

3) Pseudopregnancy – changes similar to pregnancy, but no embryo or fetus is present.

4) Anestrus – long period of inactivity between sexual seasons.

Animals that have one estrous cycle per year are called Monstrous Animals, while those that have several estrous cycles per year are called Polyestrous Animals.  The period of successive estrous cycles is known as the Breeding Season or Sexual Season.  

Pseudopregnancy (False pregnancy) is a condition that may follow estrus in some species of carnivora and rodents if conception does not occur.  Here the corpra lutea remain in the ovary and changes in the uterus resembling those in pregnancy.

Pregnancy

Pregnancy refers to the condition of a female while young are developing within her uterus.  The interval, the gestation period, extends from fertilization of the ovum to the birth of the offspring.  It includes:

· Fertilization (or the union of the ovum and sperm)

· Nidation (the implantation of the embryo in the uterine wall)

· Placentation (the development of the fetal membrane)

· Continued growth of the fetus.

Normal gestation periods vary greatly from species to species and there is considerable variation between individuals within each species.  Average gestation periods of some domestic species are as follows:

· Mare  =  336 days about 11 months

· Cow  =  282 days a little over 9 months

· Ewe  =  150 days about 5 months

· Sow  =  114 days or [3 months, 3 weeks and 3 days]

· Bitch  =  63 days about 2 months

Time of fertilization appears to be important.  Sperm must remain in the female reproductive tract, the uterus or the uterine tube for a certain period in order to fertilize ova effectively.  This is called capacitation of the spermatozoa.

Pregnancy Diagnosis [PD]

The knowledge of whether a breeding female is pregnant or not is important to a livestock breeder.  There are criteria that may help determine whether a female is pregnant and how long she has been pregnant.  These criteria include:

· Absence of estrus (heat).

· Change of contour of the abdominal wall.

· Palpation of the internal genitalia through the rectum.

· Ballottement (palpation) of the fetus through the abdominal wall.

· X-ray pictures.

· Ultrasonography

· Biologic Tests.

Absence of Estrus

If accurate records of estrus periods and breeding dates are kept, the earliest indication of pregnancy in most animals is the failure to come in season at the time of the next expected heat period.  There are however exceptions to estrus absence.  Other reasons may include  disease or other abnormality of the genitailia, an early abortion subsequent to an early breeding.

Change of contour of the abdominal wall.

This is an increase in size of the abdomen commonly called ‘bellying down’.  It is due to an increase in size of the fetus, an increase in fetal fluids and enlargement of the uterus.

Palpation of the internal genitalia through the rectum.

A skilled veterinarian can diagnose pregnancy with a high degree of accuracy by rectal palpation in cattle and horses.  At a certain stage of the pregnancy, the developing calf can usually be bumped in the right flank.  This technique known as ballottement and is accomplished by gently forcing the fist into the lower right flank of the cow in a reciprocating manner so that the fetus rocks from side to side.  Then the fist is forced into the lower right flank and held until the calf bumps into the fist.


PARTURITION (Labour)

Parturition is the act of giving birth to young and marks the termination of pregnancy.  It is customary to divide the act into three stages:

1) Uterine contractions that gradually force the water bags against the uterine side of the cervix causing it to dilate.

2) Actual delivery of the fetus which is the passage of parts of the fetus through the cervix into the vagina along with the rupture of one or both water bags reflexly initiates actual straining or contraction of the abdominal muscles.  The combination of uterine contraction forces the fetus through the birth canal.

3) The delivery of the placenta normally follows the fetus almost immediately.

Signs of approaching Parturition

· Enlargement of the abdomen

· Enlargement of the mammary glands and the secretion of milk.

· Edema (swelling) of the ventral abdominal wall.

· Swelling of the vulva with a thick mucus discharge.

· Change in behaviour at the time of parturition where the animal becomes:

i. Restless

ii. Seeks seclusion

iii. Lies down and gets up frequently.

iv. Attempts to urinate often

v. Then actual labour. 

DYSTOCIA  

In the elective course on Animal Production you would be  shown the normal and abnormal presentations of a lambs and calves in the uterus after it has been oriented for normal delivery.  Dystocia describes those occasions when the female has difficulty giving birth to her young and may need some assistance.  Improper presentation is a common cause of obstetric trouble.  Other causes include disparity of size of dam and fetus (too large a calf or too small a birth canal) or some disease condition of the dam or fetus.  Any deviation from the cranial (anterior) presentation or caudal (posterior) presentation as described is considered to be abnormal.  Dystocia can be treated by:

· Cesarean section (surgical removal of the calf)

· Embryotomy (cutting the fetus into pieces, which are small enough to remove through the birth canal).  This procedure may be necessary to save the life of the dam.

· Manual repositioning of the fetus.


2.0.9. The Immune System

2.0.9.1 What is the Immune System and how is it made up?

The immune system unlike some of the other systems earlier defined does not consist of a complete set of well defined organs and structures of its own.  It, however, utilizes the structures and organ of the other animal systems.  In fact it is made up of all the tissues which help to protect the animals from infection as a result of  invading organisms gaining entry to the animal’s body.  These body tissues are co-ordinated to resist disease through the “Immune Response”.

The immune system kicks in when:

1. there is a failure of The Defensive Function of the Blood in Clotting, Phagocytosis, Inflammation and Wound Healing; i.e. when phagocytosis is unable to cope with  the invading pathogens through a wound; 

2. there is a failure of the Skin and Mucous Membranes to provide a barrier to invading microbes or

3. disease causing organisms enter the animals’ body through different portals of entry.

In this regard the Immune System is made up of :

1. The Blood’s ability for phagocytosis

2. The Immune Respone

3. The Thymus Gland

4. The Lymphatic System 

5. The Bone Marrow and 

6. The Liver.

The Blood Vascular System and Phagocytosis: This has been earlier described.

The Immune Response and the Immune System can be considered to be the “Biochemical Defense Mechanism” against disease [or the development of Disease Resistance] within vertebrate animal system.


Antigen-antibody response


Acquired Immunity


Abnormal Immune Reactions

The Thymus Gland…

The Lymphatic System..

The Bone Marrow…

The Liver….

2.0.9.2 What the Immune System does and how it works?


2.0.10. The Endocrine  System

2.0.10.1 What is it and how is it made up?

The endocrine system is made up of  glands widely separated from each other and not having a any direct contact or anatomical linkages.  These glands are called ductless glands as their secretions go directly into the blood.  The Endocrine System is made  up of the following:

1
Ductless Glands

a. 1 Puititary  gland;

b. 1 Thyroid gland;

c. 4 Parathyroid glands;

d. 2 Adrenal Glands;

e. Islets of Langerhans  in the Pancreas;

f. 1 Pienal Gland

g. 2 Ovaries (in Females);

h. 2 Testes in (Males).

2.
Hormones

3.
The Blood Circulatory System [Only as the Transporter of the Secreated Hormones]

2.0.10.2 What it does and how it works?


2.0.11. The Digestive  System

2.0.11.1 What is the Digestive System and what are its component parts?

The digestive system is one of the most important systems within the animal from an animal production standpoint.  This is so as animal production and growth are firstly limited by feed intake and this can be enhanced through an understanding of the daily feed nutrient needs of the species in question.  Therefore an understanding of the digestive system of the species in question becomes of primary importance in the design of any animal production system. This is also important because under intensive systems of animal production the cost of feed makes up about 70-80% of the total cost of production. [In Module 8 you would be introduced to the Factors affecting Animal Production and the concepts involved in the design and management of  Intensive Systems of Animal Production.] 


We would now attempt to describe for you each of the different components of the digestive system and when we have done so we would then describe to you the main differences between the digestive systems of the three (3) major groups of animals.

Mouth

The mouth is the starting point of the alimentary tract it may also contain three (3)  accessory organs, the teeth, tongue and salivary glands.  The salivary glands produce saliva which contains an enzyme called amylase [or maltase] and it converts starches into maltose or two (2) six (6) carbon sugars. In some groups of animals, e.g. birds,  the mouth is modified to form a beak and the structure and shape of the beak is an indicator of  the animal’s food source.

Pharynx and esophagus

After the mouth, the alimentary tract leads to the pharynx. 

The larynx tops the windpipe from the lungs. Thus making swallowing possible without anything going into the lungs.

The esophagus is a long muscular tube that moves food which has been swallowed. It is located dorsally to the trachea so that it appears behind the trachea when the throat is opened ventrally in the abattoir. 

In poultry, just before the esophagus enters the thoracic cavity, there is a large sack-like expansion on the right side known as the crop. The crop is a temporary storage area for feed.

Stomach

The stomach differs in structure between pigs, ruminants, and poultry. Pigs have a relatively simple, single-chambered stomach (mono-gastric). Cattle, goats  and sheep [ruminants] have three [3] additional chambers before the true stomach. The peccaries [quenks] and camels [old world camels and llamas and apalacas] have two [2] additional chambers before the true stomach.  Poultry and birds or avian specie have a second chamber after the true stomach. The stomach has complex glands within its wall. 

In cattle and sheep, instead of opening directly into a glandular stomach where digestion begins , the esophagus leads to a series of three extra compartments, the rumen, the reticulum and the omasum. These compartments are lined with stratified squamous epithelium. 

In young lambs and calves that are still drinking milk, the rumen and reticulum may be by-passed. The presence of the milk is detected by sensory nerve endings in the mouth and pharynx. Reflex activity brings heavy muscular folds in the walls of the rumen and reticulum together forming an esophageal groove that leads directly from the

cardia to the omasum. 

The rumen or paunch is a very large muscular bag on the LEFT side of the body, extending from the diaphragm back to the pelvis. The smooth muscle of the rumen wall consists of two layers; a superficial layer from anterior to posterior, and an inner layer running transversely to form muscular pillars. 

The reticulum is lined by thin, wall-like ridges arranged in a honeycomb pattern. The reticulum is posterior to the heart and diaphragm.

The rumen and reticulum contain microorganisms whose metabolic activity greatly enhances the nutritive value of typical ruminant feed. 

The omasum is almost spherical in shape and is filled with muscular plates hanging from the dorsal roof. These plates or laminae are studded with short, blunt papillae whose function is to grind roughage. The trade name of the omasum is the manyplies or book-bag. 

The true glandular stomach or abomasum is located ventrally to the omasum. The epithelium of the abomasum is glandular with many mucus cells. These glandular cells secrete the Gastric Juice which contains enzymes which break down protein molecules into amino acids.  This fluid is also acid as it contains HCL.

In a typical lean beef steer, the emptied weight of the rumen, reticulum, omasum and abomasum comprises about 2.5% of the live weight. 

The growth of the rumen and reticulum in calves is very rapid but the abomasum grows more slowly 

The gut fill is extremely variable, but is often around 15% of the live weight. 

A number of different types of animals have the ability to digest cellulose with the help of symbiotic bacteria and ciliates in modified parts of the alimentary canal, but the ruminant system has a number of superior features that account for its great efficiency. Chewing the cud (the repeated regurgition and mastication of feed) would not be possible unless the main fermentation chamber, the rumen, was situated before the true stomach or abomasum. Thus, ruminants are able to achieve a very high efficiency of feed grinding, unlike the horse in whose feces may be seen quite large particles of intact plant material. Another advantage of the ruminant system is that a long length of intestine is available for absorption after the point at which fermentation occurs. 

Rumen microorganisms themselves are very effective - they synthesize protein from low-grade nitrogenous materials such as ammonium salts and urea added to the feed. Equally important, they utilize sulfate to produce the essential amino acids cysteine and methionine, and they also synthesize B group vitamins, particularly vitamin B12. Rumen microorganisms obtain their own energy anaerobically with only a relatively low energy yield. Thus, the ruminant is able to take the residual energy from products of fermentation such as acetic, propionic, and butyric acids. The acidity of these substances is buffered by sodium bicarbonate from the saliva. 

This shows how, in poultry, the stomach is divided into two chambers. As is often the case, there is a fair amount of fat or adipose tissue covering both chambers. The first chamber, the proventriculus or glandular stomach seen on the left in the color frame, secretes pepsin and hydrochloric acid. The second chamber, the gizzard seen on the right in the color frame, is thick and muscular with a horny internal epithelium and a high collagen content. In the color frame, the collagen can be seen as a blue sheen, radiating across the gizzard. The gizzard grinds the feed and mixes it with the enzyme mixture from the proventriculus. This is the reverse of the sequence found in the omasum and abomasum of ruminants where grinding of the feed takes place before it is exposed to the enzymes from the true stomach. 

Small intestine

No mistaking this lot - a pile of small intestines from the pig. In beef animals, slightly over 2% of the live weight is from the emptied weight of the intestines. The small intestine is composed of three regions, the duodenum, the jejunum and the ileum. The duodenum receives the hepatic and pancreatic ducts and has a complex glandular structure. 

Large intestine

The mammalian large intestine consists of the caecum and the colon. A caecum is a sac that opens into the alimentary tract.  The caecum in mono-gastrics may also contain micro organisms.  When these are functional as in the horse, rodents and pigs, these animals are called hindgut fermentors.  Ruminants are called foregut fermentors.

The colon is divided into ascending, transverse and descending parts, and it terminates at the rectum and anus. Poultry have two caeca just before the rectum. In poultry, but not in cattle, sheep or pigs, the inner surface area of the large intestine is expanded by villi. 

In poultry, the equivalent aperture to the anus is part of a compound structure called the cloaca. The cloaca is divided into three regions but these are difficult to distinguish. The rectum enters the cloaca at the coprodeum, the urinary and genital ducts enter at the urodeum and the opening to the exterior is called the proctodeum. Dorsal to the proctodeum is a region of lymphoidal tissue called the bursa of Fabricius. 

Byproducts

Some parts of the alimentary canal have a considerable commercial value as natural casings. After extensive cleaning and preparation, they are used as natural casings to contain different types of sausages and processed meat products. 

Teeth

The teeth of meat animals have a complex structure. Briefly, dental formulae may be used to describe the patterns of teeth in meat animals. The four types of teeth are indicated by a letter notation; 

· I for incisors or biting teeth 

· C for canine or tearing teeth 

· P for premolars or anterior grinding teeth 

· M for molars or posterior grinding teeth
The numerator and denominator of a fraction are used to indicate upper and lower numbers of teeth, respectively. 

Left and right sides of the jaws are not written separately but are indicated by the initial factor, x2. 

A prefix, D, is used to denote deciduous teeth that are present in the young animal but replaced in the older animal. 

Calf and lamb = 2 x (DI 0/4, DC 0/0, DP 3/3) 

Mature cattle and sheep = 2 x (I 0/4, C 0/0, P 3/3, M 3/3) 

Young pig = 2 x (DI 3/3, DC 1/1, DP 4/4) 

Mature pig = 2 x (I 3/3, C 1/1, P 4/4, M 3/3) 

Salivary glands

Salivary glands have a yellowish color and occur at three major locations. 

· The sublingual glands are located under the tongue and between the lower jaw bones, and they have a multiple duct system that drains saliva into the mouth. 

· The submaxillary glands are located at the angle of the lower jaw and have large ducts that open onto the floor of the mouth, beneath the tip of the tongue. 

· Beneath each ear, is a parotid salivary gland with a duct that opens into the mouth, near to the molar teeth.

The salivary glands of ruminants are extremely productive since they must produce much of the fluid with which the feed is mixed to form a slurry. The salivary glands of a steer, for example, might secrete well over 100 liters of saliva per day. 

Liver

The liver is a large organ, about 1.5% of the live weight in beef cattle. In mammals, it is located in the anterior part of the visceral cavity, just posterior to the diaphragm. 

As you may be able to see in this pig liver, the pig has four equally large lobes plus a small caudate lobe on the right side. Apart from a small caudate lobe on the right side, the bovine liver is not subdivided into lobes. The liver in sheep is similar to that in the bovine, but there is something of a fissure in the main lobe. 

The function of the liver is to store carbohydrate, process nutrient-rich incoming blood from the gut, and produce bile for the emulsification of fats.

Livers are condemned if they are infected by trematode flukes such as Fasciola hepatica in ruminants, or by nematodes such as Ascaris suum in pigs. 

Pancreas

The pancreas is a pale yellow gland located between the stomach and the small intestine in mammals, and in a loop of the duodenum in poultry. It has one or two ducts that convey pancreatic juice to the duodenum.   The pancreas secrets pancreatic juice which contains enzymes for the digestion of starch, protein and fats.


2.0.11.2 How does  the Digestive System among the different groups of animal differ?

You may now be wondering: What are Ruminants and Non-ruminants? 

Ruminants 

· all foregut fermentors i.e. all animals in which microbial or symbiotic microbial digestion of ingested feed takes place in the stomach compartment or compartments preceding the true gastric or glandular stomach [the abosamum].

Non-Ruminants 

· strict monogastrics or single-stomached animals;

· hindgut fermentors,  animals in which microbial or symbiotic microbial                digestion takes place in the caecum, which opens into the large intestine .

This type of classification has implications for feeding and land use, and as such it can be manipulated for economic purposes.   This is so as feed costs ( or the cost of feeding animals) make up about 75% of the total variable costs of production under intensive systems of production of domestic livestock.

RUMINANTS

Ruminants, from an anatomical standpoint, are animals which have four (4) stomach compartments.  Their digestive biochemistry (the chemical processes which take place in their stomachs during the digestion of the feeds eaten) is characterized by the digestion of fibre by microscopic organisms (single-celled protozoans) living within the first three (3) non-glandular stomachs.  This type of digestive system is found in Cattle, Sheep, Goats, Camels, Llamas, Deer, Giraffes and Antelopes.  The schematics of the digestive system of ruminants is outlined in Figure 2.1.

Note:  To truly understand the functions of the various organs that comprises the digestive system of ruminants, you may refer to the glossary of terms at the end of this unit.

SCHEMATICS OF THE RUMINANT DIGESTIVE SYSTEM
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Figure 2.0.1: Flow Diagram of the typical Ruminant Digestive System

Describing the Roles and Functions of Ruminants to Mankind

Why are ruminants important to mankind?  

· Ruminants have the ability to convert crop wastes and fibres indigestible to man and monogastrics, into useful products;

· The usefulness of their waste as energy sources.

· Their usefulness as a form of transportation?

· They provide value added products such as hides, skins and horns.

· The provide food.

People, to satisfy both their economic and social needs, have traditionally utilized ruminants.  This possibility stems in part, from the digestive abilities of ruminant animals where they can utilize certain materials which neither human beings nor monogastrics can.  Their digestive system allows them to convert fibre and structural carbohydrates [like cellulose], into food and animal products such as meat, milk, hair and wool.  These fibres and carbohydrates come from forages (special crops such as grasses which are used as ruminant animals’ feed) crop residues and waste. So in effect when a crop like corn is harvested, what is left does not need to be discarded.  Additionally, ruminants can convert inorganic nitrogen (in the form of non-protein nitrogens such as UREA and SULPHATE OF AMMONIA) into animal protein – the meat produced from them.

Now, since the nitrogen is not digested completely, the waste that ruminants produce would contain some percentage of these elements.  In most cases this waste is in the form of manure, which can then be used in one of two ways as (i) a source of energy, e.g. in Biogas production as  methane (CH3) produced from the anaerobic fermentation of  the excreta; and (ii) as organic fertilizer for food crop production.  A third way ruminants (e.g., Oxen, Bison, Buffalo, Buffalypso, Zebu and Llama) can be used, is in the transport of goods and people; as draught power for plowing fields where mechanized means are not appropriate.

From a financial and economic standpoint, many ruminants, due to the fact that they can be reared on a commercial scale, provide a source of revenue for the producers.  Many of the operations are quite large (so as to arrive at some balance between what is expended for production and what is received as revenue), so more than one person is needed to run the operation smoothly.  This then provides an avenue for employment for many persons.  

NON-RUMINANTS

Non-ruminants, on the other hand, possess stomachs that are relatively simple in structure.  This group can be subdivided according to the functioning of the caecum and colon.  Nonfunctional caecum digestive systems: This first group is characterized by its limited capacity and limited microbial action and fibre digestion.  Animals found here, are better adapted to using concentrate feeds, such as grains and meat products, than utilizing large quantities of roughages or forages.  This type of gastro-intestinal tract is found in pigs, dogs, aquatic species and man.

The other group has a Functional caecum digestive system (non-ruminant herbivore): This type of digestive system – as represented in the horse, rabbit, guinea pig and hamster – the caecum and colon are extremely large and contain a large population of micro-organisms which are capable of digesting fibre as well as synthesizing a number of vitamins.

Note: Although avian species are non-ruminants their digestive system differs from all other non-ruminant species.  In addition, to a functional caeca and colon, their digestive system contains a crop, proventriculus, gizzard and cloaca.  The  functions of these organs will be explained in the glossary 

The schematics of the digestive systems of some selected non-ruminants are outlined in the following Figures 5.2 and 5.3.

Note:  To truly understand the functions of the various organs that comprises the digestive system of monogastrics, you may refer to the glossary of terms at the end of this unit.

SCHEMATICS OF  THE DIGESTIVE SYSTEM OF NON-RUMINANTS
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Figure 2.0.2. The Digestive System of Non-ruminants with a functional and non-functional  caeca.

SCHEMATICS OF THE DIGESTIVE SYSTEM OF AVIAN SPECIES
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Figure  2.0.3:
Flow Diagram of the Avian Digestive System

THE DIFFERENCES BETWEEN RUMINANT AND NON-RUMINANT      LIVESTOCK

Ruminant and non-ruminant livestock also vary considerably, based on their physical attributes, and their economic and social values.  These are outlined in Table 2.0.1
Table 2.0.1:
The Differences between Domestic Ruminant and Non-ruminant Livestock

	Ruminants
	Non-ruminants

	Physical Attributes

	·  Generally Long-lived ( more than 5 years)
	·  Short-lived

	·  Less specialised breeds genetically hardy
	·  Often specialist breed, genetically delicate,

        this is especially so with poultry

	·  Long breeding cycles
	·  Short breeding cycles

	·  Single and twin offspring produced
	·  Large litters of offspring produced

	· Grazers and browers – can use fibrous feeds, pasture and rangeland
	·  Prefer grains, by-products, wastes

	· Relative high Feed Conversion Ratios (FCRs)


	·  Relatively low FCRs

	Economic Value

	· Can produce a range of products, e.g., meat, milk, hides/wool, etc.

· Only animals which produce milk in commercially viable quantities
	· Often a single product obtained

	· Source of draught power
	· Not draught

	· Sometimes closely integrated with cropping

             - Draught power

             - Manure valuable

             - Consume by-products
	· Less integration with cropping

           - no draught power

           - manure is also valuable

           -  valuable by-products available

	· May compete with humans for grains
	· Often compete with humans for grains

	· Can compete with crops for land
	· Rarely occupy much land



	Social Value

	· Occupy land, access can be politically sensitive
	· Rarely political, more ‘technical’

· 


Source: “Livestock Development”, External Programme in Agriculture, 1998. UWI/Wye Link.

Feed Conversion Ratio (FCR) = Kg Feed/ Kg Average Daily Gain (ADG)

2.0.12. The Urinary System

In this course we would focus on the Urinary system.  However, from a strict physiological point of view one could refer to this system as the Excretory System, which is made up of the following:
1. The Kidney and the Urinary System;

2. the Liver;

3. the Lungs; and 

4. the Skin.


In this course however we would be focusing on the Kidney and the Urinary System.

2.0.12.1 What is The Urinary System and how is it made up?
The urinary system of animals is that system which facilitates the removal of waste products from the animal’s body, namely nitrogenous compounds such as urea, uric acid and ammonium compounds.  It is also an important factor in maintenance of homeokinesis (homeostatsis), the relative constant condition of the internal environment of the body.  The urinary system consists of: 

Kidneys

Ureters

Bladder

Urethra

The Kidneys

The kidneys are the major excretory and osmoregulatory homestatic organs of the mammalian body.  With the exception of the lobulated kidney of the cow and the heart-shaped kidney of the horse, most domestic animals have a some-what bean-shaped kidneys. They filter plasma and plasma constituents from the blood and then selectively reabsorb water and useful constituents back from the filtrate, ultimately excreting excesses and plasma waste products.  The function of the kidneys include:

i) Removal of metabolic waste products and ‘foreign’ molecules.

ii) Regulation of the chemical composition of body fluids by the removal of substances in excess of immediate requirements.

iii) Regulation of water content of body fluids and thus the volume of body fluids.

iv) Regulation of the pH of body fluids.

The kidneys are located in the dorsal part of the abdominal cavity on each side of the aorta and vena cava just ventral to the first few lumbar vertebrae.  The kidneys receive blood from the aorta via the renal arteries, and the renal veins return blood to the inferior vena cava.  Urine formed in the kidney passes by a pair of ureters to the urinary bladder where it is stored until it can be released conveniently via the urethra.

A transverse section of the kidney shows two distinct regions, an outer cortex and an inner medulla. 

Cortex - covered by a fibrous capsule and contains glomeruli, which are just visible to the naked eye.

Medulla – composed of tubules, collecting ducts and blood vessels grouped together to form renal pyramids and they project into the pelvis, which is the expanded origin of the ureter.

The basic structural and functional unit of the kidney is the Nephron and its associated blood supply.  Each nephron is composed of six regions: 

1) Renal corpuscle (Malpighian Body) – composed of the Bowman’s capsule and glomerulus(consisting of a knot of about 50 parallel capillaries originating from a single afferent arteriole and rejoining to form an efferent arteriole).

2) Proximal convoluted tubule (PCT) 

3) Descending limb of the loop of Henle

4) Ascending limb of the loop of Henle

5) Distal convoluted tubule (DCT)

6) Collecting Duct

 Along its course, the nephron is closely associated with networks of blood capillaries.

There are two types of nephrons, which differ in their position in the kidney.  They are:

i) Cortical Nephrons – found in the cortex and have relatively short loops of Henle, which just extend into the medulla.

ii) Juxtamedullary Nephrons – have their renal corpuscle close to (=junta) the junction of the cortex and medulla.

The Ureters

These are muscular tubes that convey urine from the pelvis of the kidney to the bladder.

The Urinary Bladder

The urinary bladder is a hollow muscular organ that varies in size and position with the amount of urine it contains.  The empty contracted bladder is a thick-walled, pear-shaped structure located on the floor of the pelvis.  As the bladder fills with urine, the wall becomes thinner and most of the bladder is displaced toward or into the abdominal cavity.  The neck of the bladder is continuous with the urethra caudally, and the muscle of the bladder wall is arranged in a circular manner at the neck of the bladder, forming a sphincter that controls passage of urine into the urethra.

The Urethra

This structure extends from the bladder to the ischial arch.

Note: Micturition – the term used for the expulsion of urine from the bladder.  It is normally a reflex activity stimulated by distention of the bladder from the constant inflow of urine by way of the ureters.  The bladder adjusts to a gradual inflow of urine until the pressure becomes high enough to stimulate reflex centers in the spinal cord, which in turn cause contraction of the muscle wall of the bladder by way of sacral parasympathetic nerves.  However, reflex emptying of the bladder can be prevented by voluntary control of the external sphincter surrounding the neck of the bladder.

2.0.12.2 What the Urinary System does and how it works?

Apart from their function in the removal of metabolic waste, the kidneys are homeostatic organs and maintain the body fluid composition at a steady state despite wide fluctuations in water and salt uptake.  The last two regions of the nephron, the distal convoluted tubule (DCT) and the collecting ducts, where changes in function occur to regulate the body fluid composition.  The processes done by the nephron include:

Ultrafiltration – where all small molecules such as water, glucose and urea are filtered out of the blood plasma in the glomerulus and produce a filtrate called the glomerular filtrate in the Bowman’s capsule, which passes into the tubule of the nephron.

Selective Reabsorption – where all substances useful to the body and required to maintain the water and composition of the body fluid at a steady state are removed from the filtrate and reabsorbed into the blood capillaries (e.g. glucose in the proximal convoluted tubule).

Secretion – where further substances not required by the body may be secreted into the filtrate by cells of the nephron before it leaves the kidney as urine (e.g. K+, H+ and NH4+ ions in the DCT).

Blood is brought to the kidneys by the renal arteries flows through all the renal capillaries.  The afferent arteriole allows the entry of the blood from the renal arteries into the Bowman’s capsule; which encloses the glomerulus. The endothelial cells of the capillary walls are pressed up against basement membrane which completely envelops each capillary and forms the only continuous structure separating the blood in the capillary from the lumen of the Bowman’s capsule, hence facilitating filtration.  The filtered blood then leaves the Bowman’s capsule through the efferent arteriole.

As the blood circulates through the capillaries of each Bowman’s capsule, substances such as water, urea and other nitrogenous compounds, mineral salts, sugar and plasma solutes) are filtered into the capsule by ultrafiltration.  Blood and other colloidal substances of a molecular mass less than 68,000 cannot filter through and therefore remain in the blood stream.  The fluid in the capsule known as glomerular filtrate then flows down the tubule.

Note:  the substances forced out of the glomerular capillaries pass through the capillary fenestrations, basement membranes and slit pores by the pressure developed within the capillaries.  Most of the pressure is derived from the hydrostatic pressure of the circulating blood.  The blood pressure in the glomerular capillary can be varied by changes in the diameter of the afferent and efferent arterioles, which are under nervous and hormonal control.  The amount of glomerular filtrate is directly proportional to the filtration pressure.

As the glomerular filtrate passes through the proximal convoluted tubule (PCT) and then through the loop of Henele, some water, sugar, amino acids and salts (e.g. NaCl), which are useful to the body are reabsorbed into the closely associated blood capillaries.  This selective reabsroption consequently results in the glomerular fluid becoming more concentrated.  This concentrated fluid then flows trough the DCT, which again is closely surrounded by a network of capillaries.  More water is reabsorbed into these capillaries and the resulting fluid urine is even more concentrated than before.  Urine is composed of mainly water, urea, uric acid ammonium compounds, creatinine and mineral salts.  Reabsorption is an active process, which requires much energy.  This energy is obtained from tissue respiration. The filtered blood leaving the kidney via the renal veins thus contains less oxygen and glucose and more carbon dioxide (due to tissue respiration) and less nitrogenous wastes, salts and water due to excretion.

The urine formed trickles down the ureter and collects in the bladder, which stretches to accommodate it.  A ring of muscle called the urethral sphincter guards the aperture between the bladder and the urethra.  When the bladder is full, these muscles relax allowing the urine to pass out of the body through the urethra.

ADH (antidiuretic hormone) and aldosterone are two hormones that normally have the greatest effect on the kidneys.  The ADH acts on the collecting ducts by increasing the reabsorption of water.  The aldosterone acts on all parts of the tubules by increasing the reabsorption of Na+ ions.  Thus controlling blood sodium levels.  Stress and certain drugs also stimulate the release of ADH.  These drugs include acetylcholine, nicotine, adrenaline and barbiturates.

Hydrogen carbonate (HCO3-) and phosphate buffers in the blood prevent excess H+ ions produced by metabolic activities from decreasing the pH of the blood.  Excessive changes in blood chemistry, which would change the plasma pH from its normal level of 7.4, however are counteracted by the DCT.  It excretes the H+ ions and retains HCO3- ions if the pH falls and excretes HCO3- ions and retains H+ ions if the blood pH rises. 


We feel that this section on reproduction has been very well done, however in case you would like to read further you could turn to 


Reading 2.9 Section 21.7 to 21.9.4  of Taylor, Green and Stout (1999) Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  























The Endo  Skeleton:


The Axial Skeleton


The Skull


The Vertebral Column


The Sternum and Ribs


The Appendicular Skeleton


Pectoral Limbs


Pelvic Limbs


The Exo Skeleton


The Scales and Covering of Bony Fish and Reptiles











Smooth Muscle [involuntary or unstriated muscle]


Cardiac [involuntary striated muscle]


Skeletal Muscle [voluntary muscle and this is associated with the flesh or meat of animals].








The Central Nervous System (CNS).


The Brain – enclosed in the cranium.


The Spinal Cord – enclosed in the vertebral column.


The Peripheral Nervous System (PNS).


Cranial nerves: going to somatic (body) structures


Spinal nerves : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,          


Autonomic Nervous System (ANS) – going to the visceral structures (internal organs), e.g., smooth muscle, cardiac muscle and glands).  The ANS is consists of:


The Sympathetic nervous system : Concerned with The homeostasis.


Parasympathetic nervous system:Concerned with The homeostasis.








Blood – tissue fluid that circulates around the body performing the above functions [sometimes called the circulatory fluid].


Heart – a four-chambered muscular pump [a contractile pumping device].


Blood vessels – a system for efficient circulation around the body.  They consist of arteries, arteriole, veins, venules, and capillaries [the tissue through which the circulatory fluid flows]. 


Lymphatic system, which consists of:


Lymph – tissue fluid


Lymph nodes – act as a filter for the lymph.


Lymphatic vessels








The meat inspector studies the lymphatic system in order to determine whether a given part of a carcass should be condemned, e.g. if a cow with a cancerous eye shows involvement of the lymph nodes of the head, neck and thorax, the entire carcass probably will be condemned.  However, if it appears that the nodes immediately draining the eye have stopped the cancerous condition, then perhaps only the head will be condemned, and the rest of the body may be passed for food.








Note:  A testis that fails to descend from the abdominal cavity is called a cryptorchid testis, and the animal with such a condition is called a cryptorchid.  A cryptorchid with both testes retained in the abdominal cavity is likely to be sterile, since spermatogenesis does not occur normally unless the testis is cooler than body temperature, a condition provided by the scrotum.








The alimentary tract of the digestive system of  mammals is composed of the mouth, pharynx, esophagus, stomach, small and large intestines, caecum, rectum and anus. 





Associated with the alimentary tract are the following accessory organs: teeth, tongue, salivary glands [in the mouth], liver and pancreas. 








Reading 2.2





Now turn to Reading 2.2, Taylor, Green and Stout (1999)  Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  


Turn to Chapter 18 and read Sections 18.1 to 18.3.  You should pay particular attention to Section 18.3 on the anatomy of the rabbit, which is used as a vertebrate example.  Later on in this Unit you would be exposed to the skeletal make up of other vertebrate species.











Reading 2.3





Now turn to Reading 2.3, Chapter 18.4 of Taylor, Green and Stout (1999) Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  


The functioning of the muscular system is very well explained in this section.








Turn to Chapter 17 and read Sections 17.1 to 17.3.  You should pay particular attention to Section 17.3 on the anatomy of the rabbit, which is used as a vertebrate example.  Later on in this Unit you would be exposed to the skeletal make up of other vertebrate species.





Reading 2.4





Now turn to Reading 2.4, Chapter 17.2 of Taylor, Green and Stout (1999)  Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  


The role of the functioning of the Autonomic Nervous System is very well explained in this section, AND you should pay particular attention to Tables 17.4 and 17.5.








Turn to Chapter 17 and read Sections 17.1 to 17.3.  You should pay particular attention to Section 17.3 on the anatomy of the rabbit, which is used as a vertebrate example.  Later on in this Unit you would be exposed to the skeletal make up of other vertebrate species.





Reading 2.5





Now turn to Reading 2.5, Chapter 17.1 of Taylor, Green and Stout (1999)  Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  The functioning of the nervous system is very well explained in this section.








Turn to Chapter 17 and read Sections 17.1 to 17.3.  You should pay particular attention to Section 17.3 on the anatomy of the rabbit, which is used as a vertebrate example.  Later on in this Unit you would be exposed to the skeletal make up of other vertebrate species.





Reading 2.6


Now turn to  Reading 2.6, Chapter 14.1 to 14.8 of Taylor, Green and Stout (1999)  Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  


But do not go off and start reading yet!!!!!!!!!!!!!!!


So far in  this section we have attempted to simplify the description of the Blood Circulatory and Lymphatic Systems.  We now would like to ask you, however, to read the relevant sections of the text as stated above. BUT we would not like you to immediately go off and read everything just yet.  First of all we could like to know if you understood the simplification which we have so far attempted? If your answer is no then we would like you to read this section over.  If YES then we would like you to go to the text at 14.4, The Circulation [no where else!!!!!].  This describes the Mammalian Circulatory System. We would like you to read this section first and acquire a full comprehension of Figure 14.2 “ The Mammalian Double Circulatory System”.





When you feel confident that you understand it then we would like you to proceed with the reading in the following order: 14.6  to 14.7.7.








Reading 2.7





Now read Reading 2.7, as follows:


14.3 The Composition of Mammalian Blood


14.8 Functions of Mammalian Blood

















Reading 2.8 


 Now turn to Section 9.5 of Taylor, Green and Stout (1999) Biological Science 1, Organisma, Energy and Environment, 3rd Edition.  

















Note: Mitosis and Meiosis will be described later, but what is most important now is to note that meiosis takes place in both the male and female sex cells, so that when they unite to form the embryo of a new animal, this new animal will have 50% of its genetic material from each of its parents.





In  this section on Digestion  we  have simplified the description  of the digestive System.  The details of the Alimentary canal in Humans are contained in Section 8.3  of Taylor, Green and Stout (1999) Biological Science 1, Organisms, Energy and Environment, 3rd Edition.   If you wish further details please turn to Reading 5.12


Reading 2.12  Section 8.3  of  Taylor, Green and Stout (1999) Biological Science 1, Organisms, Energy and Environment, 3rd Edition.                                                                        


However, as we continue herein you would be exposed to a description on how the digestive system of ruminants and non-ruminants differ.




















Reading 2.1





Now go to Reading 2.1, Taylor, Green and  Stout [2000]: Biological Science 1, Organisms, Energy and Environment. Third Edition, R. Soper Editor, Cambridge University Press, UK


Read Section 2.8.9 Phylum Chordata. Pages 73 to 76.


Table 2.20 highlights the characteristics of this phylum; Figure 2.65 presents a diagram of the chordate body plan.











Reading 2.13  Chapter 20  Section 20.1, 20.1.1, 20.1.2, 20.2 and 20.3  of  Taylor, Green and Stout (1999) Biological Science 2, Systems, Maintenance and Change, 3rd Edition.    


We would now like you to read the above which are a few very interesting  pages before you proceed herein.                                                                   


























Reading 2.14  Chapter 20  Section 20.4 to 20.5.7  of  Taylor, Green and Stout (1999) Biological Science 2, Systems, Maintenance and Change, 3rd Edition. 


Although this reading deals primarily with humans it provides the details of the Vertebrate Animals’ Urinary System.   























Reading 2.10 Section 14.8.5 and 14.9  of Taylor, Green and Stout (1999) Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  























Reading 2.11   Section 17.6   of Taylor, Green and Stout (1999) Biological Science 2, Systems, Maintenance and Change, 3rd Edition.  
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