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UNIT THREE 

 

TRANSPORT SYSTEM IN PLANTS AND ANIMALS 

 

What is Transport System in Biology? 

In biology, a mass transport system is an arrangement of physical structures by which materials 

are moved in the form of a fluid containing particles of those materials travelling in one direction 

[through a system of tubes*] from one or more exchange surface(s) within an organism to cells 

located throughout the body. 

 

The Need for Transport System. 

The transport system is required by any animal that is too large for nutrients to reach all cells by 

diffusion alone. The main function of the transport system is to allow for the movement of 

nutrients, oxygen, carbon dioxide, hormones, antibodies, urea and heat within the blood plasma 

throughout the body. 

The human transport system is a system of tubes with a pump and valves to ensure one way 

blood flow. We need a transport system to deliver oxygen, nutrients and other substances to all 

our body cells, and take away waste products from them. The oxygenated blood (high in oxygen, 

red in color) comes to the heart from the lungs in the pulmonary vein; the heart pumps it to the 

aorta (an artery) to the rest of the body. The deoxygenated blood returns to the heart from the 

body in the vena cava (a vein), the heart pumps is to the lungs to get rid of the carbon dioxide. 

A simple, unicellular organism (consisting of one cell) can rely on diffusion to move substances 

into and out of the cell. Its surface area is large compared to its volume, so nutrients and other 

substances can pass quickly through the membrane and around its ‘body’.  

However, the surface area of a multicellular organism, such as a plant or an animal, is small 

compared to its volume. As a result, multicellular organisms need specialized exchange 

surfaces (such as lungs or gills) and transport systems. 
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Larger organisms have a smaller surface area to volume ratio 

Common features of exchange surfaces: 

 thin - for a short diffusion distance 

 large area - achieved by being long and thin, flat, or folded 

 moist - so that substances can be dissolved for diffusion to happen 

Common features of transport systems: 

 tubes or ‘vessels’ that carry materials from one part of the organism to another 

 close contact with cells, such as those of exchange surfaces 

The circulatory system in humans has a pump, the heart. However, the transport systems in 

plants - the xylem and phloem - do not have pumps 

More Features of Transport Systems 

Transport systems in many different (and different types of) organisms have lots of common 

features, such as: 

 Contains a transport medium in which materials, including various sizes and shapes 

of molecules, can be conveyed. This medium is usually water-based. Water acts as a 

solvent for a wide range of substances and flows easily at the temperatures of living 

organisms. Examples of transport media in animal transport systems include blood, 

lymph and hemolymph. 

 A structure or 'system' of vessels that contain (enclose) the transport medium and 

extend, via a branching network, to all locations to which materials carried in the 

transport medium must be transported. 

 Enables substantial volumes* of the transport medium to be moved over large 

distances*. 

*Volumes appropriate to the size of the organism, e.g. the average human adult body 

contains approx. 8-10 pints of blood. Distances are also large relative to the size of the 
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organism, i.e. as necessary to supply materials to all parts of it, so larger distances in an 

elephant than in a mouse!  

 A mechanism for moving the transport medium through the system, e.g. through a 

network of vessels.  

Movement of a fluid through a system requires a difference in pressure between parts of 

the system.  

o Animal Transport Systems sometimes include a pumping organ such as the heart 

in mammals, birds and some other creatures. They may also use other 

mechanisms such as muscular contraction of muscle tissues as well as, or instead 

of, a heart. 

o Plant Transport Systems tend to rely on passive physical process e.g. evaporation 

of water. 

 Mechanism(s) to maintain the mass flow movement of the transport medium in one 

direction.  

The pressure difference that moves the transport medium through the system is helpful 

but not necessarily sufficient to prevent back-flow. Some of the vessels in the circulation 

systems of animals include valves that prevent black-flow of the fluid contained in the 

vessel. 

 Ability to control the flow of the transport medium, i.e. to adjust the flow of the 

transport medium (e.g. blood) according to the needs of the organism. An example of this 

is the blood circulation system in mammals reducing the flow of blood to extremities, 

such as fingers, in very cold conditions - which helps to conserve heat and blood supply 

to essential internal organs. 

Examples of types of materials transferred between organisms and their environments 

 Respiratory gases  

i.e. oxygen and carbon dioxide  

 Nutrients 

requirements vary between organisms, examples incl. glucose, fatty acids, amino acids, 

vitamins, minerals 
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 Waste products produced by chemical reactions in the body, these are also called 

'excretory products', e.g. carbon dioxide, urea and other nitrogenous waste. Can include 

excess salts, hormones, drugs and related by-products. 

 Heat (energy) 

*Specific substances vary between organisms, e.g. re. carbohydrates, in mammals glucose is 

transported in blood plasma while in flowering plants sucrose is transported as phloem sap. 

 To understand how materials are moved around organisms it is helpful to know about types of 

movement across biological membranes.  

 

 

Passive Transport Mechanisms Active Transport Mechanisms 

1. Simple Diffusion 

2. Facilitated Diffusion 

3. Osmosis 

1. Active Transport 

2. Bulk Transport 

 

Above: Transport Mechanisms by which particles cross membranes 

They can be divided into two categories: 

 Passive (no energy required from the cell; movement depends on concentration gradients) 

and 

 Active (energy is required from the cell in order for these transport mechanisms to 

happen).  

Membranes form surfaces.  

Examples of surfaces include the cell membrane surrounding a unicellular organism, the total 

outer-surface (external surface) of a large plant or animal such as a tree or an elephant) and the 
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many surfaces within organisms such as the alveoli in human lungs (which are an example of a 

gaseous exchange surface).  

Some surfaces are important interfaces across which materials move from one side of the surface 

to the other.  

Exchange surfaces are interfaces across which some different particles (e.g. of the types of 

materials transferred between organisms and their environments - see list above) can pass in both 

directions.  

 

In the general case, "substance A" might move predominantly in one direction while "substance 

B" moves predominantly in the other direction. 

For example, the alveoli in human lungs enable both oxygen and carbon dioxide to diffuse across 

their very thin walls - which consist of just a single layer of squamous epithelial cells no more 

than 0.5um (= 0.0005mm) thick. The direction of diffusion of these particles depends on their 

concentration gradients. Air breathed into the lungs is present on one side of the surface. The 

oxygen-poor ('deoxygenated') yet carbon-dioxide-rich blood that has been returned to the lungs 

by the systemic circulation is on the other side of the surface.  

Therefore the overall flow across this exchange surface results in oxygen entering the body and 

carbon dioxide leaving the body, in the case of the CO2 by moving from the blood returned to the 

lungs into air in the lungs that is then breathed out of the body. In this example the exchange 

surface is a 'gaseous exchange surface' because the substances that move across it are gases - 

'free' gases in the air, dissolved in the blood when contained within the blood vessels. 

Specialized exchange surfaces allow the efficient transfer of material e.g. respiratory gases, 

across them via mechanisms such as diffusion or active transport.  

Features of Exchange Surfaces 



6 
 

The following aspects of exchange surfaces enhance the effectiveness with which materials pass 

across the surface: 

1. Large surface-area to volume ratio increases the rate of exchange. 

2. Very thin surface (membrane) so that the diffusion distance is short, which increases the 

rate of exchange. 

 

3. Partially permeable surface (membrane) which means that only particles of specific 

substances ('materials') are able to pass across the exchange surface. 

4. Permits movement of the environmental medium (e.g. air, in the case of the exchange 

surface of mammalian lungs), which is necessary in order to maintain a diffusion gradient 

such particles from the environment, e.g. molecules of oxygen, diffuse across the 

exchange surface. 

5. Permits movement of the internal medium (e.g. blood, in the case of the exchange surface 

of mammalian lungs), which is necessary in order to maintain a diffusion gradient such 

particles from the environment, e.g. molecules of carbon dioxide, diffuse across the 

exchange surface. 

The surface area to volume ratio of an organism is a useful parameter for explaining the 

efficiency with which materials can be exchanged directly across the body surface of the 

organism. That is only efficient enough in very small organisms. Larger organisms need to have 

specialized exchange surfaces appropriate for the organism's size and environment, e.g. gills in 

fish, lungs in mammals. In addition to the exchange surfaces that enable materials such as 

respiratory gases to enter and leave the organism, transport systems are also needed to transport 

(move) the materials, e.g. molecules, from the surface by which they entered the organism to the 

cells throughout the body of the organism that require those substances.  

For example, oxygen that enters a rhino via its lungs is needed to supply cells all over its body, 

including its feet. That is achieved via blood circulation, many of the functions of blood being 

the movement of resources, including oxygen, around the body. 

  

https://www.ivyroses.com/HumanBody/Blood/Functions-of-Blood.php
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Transport Systems: Plants vs Animals 

 

 

Above: The apoplast system include plant cell walls.  

All living organisms need to be able to move (transport) particles such as molecules or ions, into 

themselves (i.e. into the body of the organism) and to be able to move such particles around 

within the organism. They also need to be able to remove unwanted substances from their bodies. 

This is necessary in order for organisms to breathe, feed, and maintain the internal environment 

of the organism within acceptable limits (homeostasis), i.e. to continue to live. 

Different types of organisms, such as - but not only - plants and animals, have different types of 

internal transport systems via which fluids containing substances necessary for the life of their 

cells are moved around the organism. 

Due to the huge variety of different types of animals and plants it is useful to specify some 

categories of organisms in order to compare transport systems in plants and animals. The 

following table compares the basic transport mechanisms in mammals with those in flowering 

plants.  

 Transport in *Mammals 

*with some comments re. other 

types of animals 

Transport in flowering plants 

https://www.ivyroses.com/Chemistry/GCSE/What-is-a-molecule.php
https://www.ivyroses.com/HumanBody/Homeostasis.php
https://www.ivyroses.com/Biology/Cells/Plant-Cell-Structure.php
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Transport systems 

(around entire 

organism, not just 

within a cell or specific 

organ) 

The main circulatory system in 

vertebrates is the Blood System 

which consists of: 

 Blood 

 Blood Vessels 

 The Heart e.g. human 

heart 

In addition, lymphatic drainage 

has a (more limited) role in 

transporting fluids, which contain 

dissolved particles 'solutes' from 

tissues. 

*Many invertebrates e.g. 

molluscs and arthropods, have 

open circulatory systems in which 

the circulatory fluid is 

hemolymph rather than blood. 

Plants have 2 types of transport 

tissue: 

 Xylem moves water and 

solutes from the roots to 

the leaves 

 Phloem moves food 

substances from leaves 

to the rest of the plant 

(both up and down the 

plant) 

Tubes through which 

fluid flows around the 

transport system(s) 

Blood vessels have different 

structures according to their role 

and position in the system, e.g. to 

convey higher pressure blood 

from heart vs lower-pressure 

(oxygen-poor) blood returning to 

the heart. 

Types of blood vessels, all of 

which are composed of living 

tissues, include: 

 Arteries 

The specialized tubes for fluid 

transport within plants include: 

 Xylem vessels 

 Tracheids 

 Phloem sieve tubes 

Some of these consist of living 

cells (e.g. phloem), while others 

are composed of dead cells (e.g. 

xylem vessels). 

https://www.ivyroses.com/HumanBody/Blood/Blood_StructureandFunctions.php
https://www.ivyroses.com/HumanBody/Blood/Blood_Vessels.php
https://www.ivyroses.com/HumanBody/Blood/Heart_Structure.php
https://www.ivyroses.com/HumanBody/Blood/Heart_Structure.php
https://www.ivyroses.com/Define/Artery
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 Arterioles 

 Capillaries 

 Venules 

 Veins 

What causes fluid to 

move? 

Blood is pumped by the heart 

(mammals have a double-pump, 

four chamber, heart), which is 

controlled by the nervous system. 

 Xylem  

o transpiration pull 

(transpiration is 

movement of 

water up the 

plant and out of 

the leaves) 

 Phloem  

o active pumping 

of sugars into the 

phloem 

o hydrostatic 

pressure 

Fluid flow rate Fluid flow rate varies with the 

part of the body and other factors, 

e.g. physical activity level. 

Overall mammals have a 

moderate flow rate, i.e. greater 

than that of plants. 

Fluid flow rate in xylem and 

phloem is relatively slow.  

Controlled by pumping action of 

the heart and by vasoconstriction 

and vasodilation of the fluid 

(blood, in mammals) vessels - 

which can be affected by e.g. 

hormones and environment 

Rate of flow in the xylem is 

affected by external factors 

such as temperature, wind and 

humidity. 

https://www.ivyroses.com/Define/Arteriole
https://www.ivyroses.com/Define/Capillary
https://www.ivyroses.com/Define/Venule
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conditions such as extremes of 

temperature. 

Transport of water 

(Water is very 

important for life.  

It acts as a solvent in 

which many different 

substances can be 

transported around 

organisms.) 

Blood plasma is normally at least 

90% water. 

In xylem sap. 

Substances 

transported 

In fluid (blood, in mammals) 

systems, examples incl. 

 *Glucose, which is a 

monosaccharide 

 Amino acids 

 Fatty acids 

 Glycerol 

 Vitamins 

 Minerals 

 Hormones 

 Respiratory gases (supply 

of oxygen; removal of 

carbon dioxide)  

In fluid system(s), 

examples incl. 

 *Sucrose, which is a 

disaccharide 

 Amino acids 

 Fatty acids 

 Glycerol 

 Vitamins 

 Minerals 

 Hormones 

Note that respiratory gases 

move via the inter-connecting 

air spaces between cells - as 

opposed to via fluid systems. 

Transport of 

*carbohydrate 

i.e. food, so in animals 

incl. humans - as 

released by the 

Glucose in solution in blood 

plasma 

Sucrose in solution in phloem 

sap 
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digestive system 

Transport of oxygen 

for breathing, i.e. cell 

respiration 

Oxygen combines with 

haemoglobin (in the red blood 

cells), forming oxyhaemoglobin, 

which is an efficient way for 

oxygen to be transported around 

the body via the blood system. 

This applies to closed circulatory 

systems, such as those of 

mammals.  

In contrast, hemolymph (the 

circulatory fluid in open 

circulatory systems) is not 

necessarily used for oxygen 

transport. Many animals that have 

open circulatory systems, e.g. 

most insects, respire directly from 

their body surfaces.  

Oxygen (in the form of O2 gas) 

can reach cells by diffusing 

through the air spaces between 

the cells.  

Transport of carbon 

dioxide 

CO2 is a waste product 

of metabolism. 

 

Carbon dioxide diffuses into red 

blood cells where it is converted 

to hydrogencarbonate ions 

(HCO3
-
) and hydrogen ions (H

+
). 

Haemoglobin binds to the H
+
 

ions, acting as a buffer to prevent 

a decrease in blood pH. In 

addition, some carbon dioxide 

dissolves in the blood plasma 

(which is usually at least 90% 

water). 

Carbon dioxide (in the form of 

CO2 gas) can reach cells by 

diffusing through the air spaces 

between the cells.  
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Gas Exchange surface 

by which oxygen (O2) 

can enter the organism 

and carbon dioxide 

(CO2) can be released 

from it 

Alveoli in the lungs  All cell surfaces that are in 

contact with air.  

Examples include the palisade 

and spongy mesophyll cells in 

leaves. 

 

 

COMPOSITION AND FUNCTION OF LYMPH 

Lymph is an alkaline fluid of variable composition that originates as an interstitial fluid 

within the body's tissues. By providing a pathway for the 'downhill' movement of 

interstitial fluid, the lymphatic system prevents excess accumulation of tissue fluid and 

facilitates the delivery of nutrients to the cells. 

The lymphatic system is a network of tissues and organs (composed of lymph nodes and 

lymph vessels or channels) that help rid the body of toxins, waste and other unwanted 

materials. The primary function of the lymphatic system is to transport lymph, a fluid 

containing infection-fighting white blood cells, throughout the body.  Lymph also 

returns proteins and also surplus intestinal fluid to the bloodstream 

Lymph is formed when the intestinal fluid i.e. the fluid that lies in the interstices of all 

body tissues is gathered through lymph capillaries. Then it flows through larger lymphatic 

vessels to lymph nodes, where materials are eliminated by lymphocytes, before infilling 

eventually into the left and right subclavian vein, where it blends with the venous blood. 

As the lymph is derived from the intestinal fluid, its composition frequently changes 

as the blood and the surrounding cells repeatedly swap over materials with the 

intestinal fluid. 

Bacteria. might pierce Into lymph channels and could be transported to lymph nodes, where 

they will be destroyed. 

The lymphatic system plays a vital role in multicellular organisms since it is responsible 
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 for executing multiple interconnected functions. The lymphatic system comprises of 

various parts, which are engaged in various functions. 

  In human beings and animals, the extracellular fluid, which is present inside the tissue 

cells, consists of all the fluids of the boy. It is divided into plasma and intestinal fluid. 

Intestinal fluid is the solution that environs the cells and tissues in the body. 

Functions of the intestinal fluids are as follows: 

i. Intestinal fluid is used for transporting nutrients to the cells. 

ii. It iss used to offer intercellular communication among the cells. 

iii. It  is also used in eliminating the metabolic wastes from the cells. 

The essential quantity of intestinal fluid is gathered by the lymphatic system and the rest is 

exhausted  out The exhausted fluid return back into the major vein and the remaining fluid 

that is gathered through the lymph capillaries is known as lymph. 

                           The composition of lymph: 

Lymph corpuscles: 

Lymph corpuscles are moating amoeboid  cells, the white blood corpuscles (the 

leucocytes), which are typically lymphocytes. Red blood corpuscles (erythrocytes) and 

platelets are not present in lymph. 

Lymphoid organs: 

Lymphoid organs are the organs that secret lymph. In addition to the lymph nodes, 

thymus gland, spleen and Peyer's patches are the added lymphoid organs. In the body, 

the largest mass of lymphatic tissue is the spleen. 

 Functions of lymph: 

i. Lymph performs the role of a middle man that transports food materials, 

hormones, oxygen, etc to the cells of the body and brings other metabolic 

wastes and carbon dioxide from the cells of the body to blood. Then it finally 

empties them into the venous system. 
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ii. Cells of the body are maintained moist by the lymph. 

iii. Lymphocytes are produced by lymph nodes. Lymph takes antibodies and 

lymphocytes from  the lymph nodes to the blood. 

iv. Lymph destroys the attacking foreign particles and microorganisms In the lymph 

nodes. 

v. It transports and absorbs fat-soluble vitamins and fat from the Intestine. Villi 

are the lymphatic capillaries that are present in the intestinal villi 

vi. It brings hormones made in the end cells. 

vii. It sustains the volume of the blood. 

Materials for Transportation: Excretory Products, Gases, Digested Food Etc 

The fluid blood is not flowing for its own sake but as it moves around, substances are being 

collected and distributed to all parts of the body. The circulatory system transports substances 

between the exchange surface and cells. It delivers oxygen and glucose to the tissues for 

respiration, and collects excretory products such as urea, co2, sweat etc. to be expired from the 

body. 

Structure of the Heart, Arteries, Veins and Capillaries 

The Structure of the Heart 

The first diagram (immediately below) is a cut-away section through the heart, showing its 

physical appearance and labelling its major components and blood vessels. The simpler diagrams 

below it are line drawings including essential information in a form that is easier to reproduce in 

exams.  
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Illustration of the Physical Form of the Heart 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram (1): Physical Appearance and Major Components of the Heart 

The heart is a muscular cone-shaped organ about the size of a clenched fist of the same person. It 

is located in the upper body (chest area) between the lungs, and with its pointed end (called the 

apex) downwards, forwards, and pointing towards the left.  

The main purpose of the heart is to pump blood around the body. The basic structure of the heart 

as shown above can be described as follows: 

The heart is divided into separate right and left sections by the interventricular septum, or just the 

'septum' when the context is obvious. Each of these (right and left) sections is also divided into 

upper and lower compartments known as atria and ventricles,  

The four main chambers of the heart are: 

https://www.ivyroses.com/Define/Interventricular_septum
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 Right Atrium ('RA' in the diagrams on this page) 

 Right Ventricle ('RV' in the diagrams on this page) 

 Left Atrium ('LA' in the diagrams on this page) 

 Left Ventricle ('LV' in the diagrams on this page) 

Deoxygenated blood (from the body) is pumped through the right atrium and the right ventricle 

(to the lungs), while oxygenated blood (from the lungs) is pumped through the left atrium and 

the left ventricle (to the body). 

 Deoxygenated blood enters the right atrium from the superior vena cava and the inferior 

vena cava. 

 Deoxygenated blood leaves the right ventricle by pulmonary artery, which takes blood to 

the lungs via the right and left brances of the pulmonary artery. 

 Oxygenated blood enters the left atrium from the pulmonary veins.  

These may be labelled as 'right pulmonary veins' and 'left pulmonary veins'. 

 Oxygenated blood leaves the left ventricle by ascending aorta, which takes blood to the 

body via its system of arteries, arterioles, and capillaries. Major arteries leading from the 

heart (via the ascending aorta) include the brachiocephalic artery, the left common 

carotid artery, and the left subclavian artery (illustrated above). These are just a few of 

the main arteries of the body. 

It is essential that blood flows in the correct direction through the heart so the structure of the 

heart includes a series of valves. 

 The tricuspid valve separates the right atrium from the right ventricle. 

 The pulmonic / pulmonary valve separates the right ventricle from the pulmonary artery. 

 The mitral (also known as the bicuspid) valve separates the left atrium from the left 

ventricle. 

 The aortic valve separates the left ventricle from the ascending aorta. 
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Line Drawings of the Basic Structure of the Heart 

Although Diagram (1) above is a clear illustration of the structure of the heart, it may be difficult 

to draw quickly in examinations. The following diagrams are less detailed and not as fully 

labelled (more labels could be added), but may be more convenient to sketch rapidly if required 

to do so. 

Diagram 2(a) is a simplification of Diagram (1). 

 

 

 

 

 

 

 

Diagram 2(b) includes additional information about structures concerned with the system of 

electrical conduction operating in the heart.. 

 The Functions of the Heart 

The physical form and structure of the heart is shown and described above 

The main functions of the heart can be summarised as follows: 

Diagram 2(a) Diagram 2(b) 
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Right-Hand Side of the Heart 

The right-hand side of the heart receives de-

oxygenated blood from the body tissues (from 

the upper- and lower-body via the superior 

vena cava and the inferior vena cava, 

respectively) into the right atrium.  

This de-oxygenated blood passes through the 

tricuspid valve into the right ventricle. 

 This blood is then pumped under higher 

pressure from the right ventricle to the lungs 

via the pulmonary artery. 

 Left-Hand Side of the Heart 

The left-hand side of the heart receives 

oxygenated blood from the lungs (via the 

pulmonary veins) into the left atrium.  

This oxygenated blood then passes through the 

bicuspid valve into the left ventricle. 

 It is then pumped to the aorta under greater 

pressure (as explained below).  

This higher pressure ensures that the 

oxygenated blood leaving the heart via the 

aorta is effectively delivered to other parts of 

the body via the vascular system of blood 

vessels (incl. arteries, arterioles, and 

capillaries). 

How does the heart perform these functions ? 

The pump action performed by the heart is achieved by a sequence of alternating contraction and 

relaxation of the heart muscle (illustrated above). In this context the word 'systole' refers to the 

contraction part of the sequence and the word 'diastole' refers to the relaxation part of the 

sequence. Hence, the 'systolic' and 'diastolic' pressures are measured and recorded separately 

when monitoring blood pressure. 

This process is directed by the nervous system, nerve impulses initiating each sequence. The 

whole series of actions that cause alternating contractions and relaxations may be summarised in 

five stages:  

1. The vagus nerve stimulates the sinoatrial node (SAN), the pacemaker of the heart. 

The sinoatrial node (SAN) is a tiny area of specialised cardiac (meaning 'heart') muscle in 



19 
 

the upper wall of the right atrium, near the vena cava - as shown above. The fibres of the 

SAN contract rhythmically approx. 70 times each minute. After each of these 

contractions, the impluse is dispersed across the atrial cardiac muscle, leading to ... 

2. ... simultaneous contraction of both the right and left atria. This movement of the cardiac 

muscle pushes blood from the atria into the ventricles (via the tricuspid and bicuspid 

valves). 

3. The contractions of the atria send impulses down the Purkinje fibers, which in turn 

stimulate the atrioventricular node (AVN). The atrioventricular node is a mass of 

modified cardiac muscle located in the lower / central part of the right atrium of the heart. 

The Purkinje fibres are referred to by various names in different textbooks, so are also 

known as 'Purkyne Fibres', 'Purkynje Fibres', and as the 'Bundle of His'. This / these are a 

bundle of modified cardiac muscle fibers that transmit impulses from the atria, via the 

AVN, to the ventricles. 

4. The action potential from the impulse transmitted down the Purkinje fibers reaches the 

right and left branches of the Purkinje fibres - as shown in the diagram on the right.  

5. This causes the ventricles to contract, which pushes blood upwards into the arteries that 

take the blood away from the heart (the pulmonary artery taking blood to the lungs, and 

the aorta taking blood to the body). 

Blood Vessels 

The main types of blood vessels are:  

 arteries 

 arterioles 

 capillaries 

 venules 

 veins 

 

These are described and compared below 

https://www.ivyroses.com/Define/Artery
https://www.ivyroses.com/Define/Arteriole
https://www.ivyroses.com/Define/Capillary
https://www.ivyroses.com/Define/Venule
https://www.ivyroses.com/Define/Vein
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1. Diagrams 

The following diagram summarizes the sequence of blood flow through the heart, arteries, 

arterioles, capillaries, venules, veins, then back to the heart: 

 

 

 

 

 

 

 

 

 

The following diagram summarizes the structural differences between different types of blood 

vessels.  

2. Structure and Functions of Blood Vessels 

 
Structure Functions 

Arteries 

 

 

The walls (outer structure) of 

arteries contain smooth muscle 

fibre that contract and relax under 

the instructions of the sympathetic 

nervous system. 

 Transport blood away from 

the heart 

 Transport oxygenated blood 

only (except in the case of 
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the pulmonary artery). 

 

Arterioles 
Arterioles are tiny branches of 

arteries that lead to capillaries. 

These are also under the control of 

the sympathetic nervous system, 

and constrict and dialate, to 

regulate blood flow. 

 Transport blood from 

arteries to capillaries 

 Arterioles are the main 

regulators of blood flow and 

pressure. 

 

Capillaries 
Capillaries are tiny (extremely 

narrow) blood vessels, of 

approximately 5-20 micro-metres  

(one micro-metre = 0.000001metre) 

diameter. 

There are networks of capillaries in 

most of the organs and tissues of 

the body. These capillaries are 

supplied with blood by arterioles 

and drained by venules. Capillary 

walls are only one cell thick (see 

diagram), which permits exchanges 

of material between the contents of 

the capillary and the surrounding 

tissue.  

 Function is to supply the 

tissues of the body with the 

components of blood, and 

(carried by the blood), and 

also to remove waste from 

the surrounding cells ... as 

opposed to simply moving 

the blood around the body 

(in the case of other blood 

vessels) 

 Exchange of oxygen, carbon 

dioxide, water, salts, etc., 

between the blood and the 

surrounding body tissues. 

 

Venules 
Venules are minute vessels that 

drain blood from capillaries and 

into veins. Many venules unite to 

form a vein. 

 Drains blood from 

capillaries into veins, for 

return to the heart. 

 

Veins 

 

The walls (outer structure) of veins 

consist of three layers of tissues 

that are thinner and less elastic 

 Transport blood towards the 

heart. 

 Transport deoxygenated 

https://www.ivyroses.com/HumanBody/Tissue/Tissue_4-Tissue-Types.php
https://www.ivyroses.com/HumanBody/Blood/Blood_StructureandFunctions.php
https://www.ivyroses.com/Biology/Why-is-water-important-to-life.php
https://www.ivyroses.com/Define/Capillary
https://www.ivyroses.com/Define/Vein
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 than the corresponding layers of 

arteries. 

Veins include valves that aid the 

return of blood to the heart by 

preventing blood from flowing in 

the reverse direction. 

blood only (except in the 

case of the pulmonary vein). 

 

3. Comparison between Arteries and Veins 

  
Arteries Veins 

 

 

 Transport blood away from 

the heart 

 Carry Oxygenated Blood  

(except in the case of the 

Pulmonary Artery) 

 Have relatively narrow 

lumens (see diagram above) 

 Have relatively more muscle 

/ elastic tissue 

 Transports blood under 

higher pressure (than veins) 

 Do not have valves (except 

for the semi-lunar valves of 

the pulmonary artery and the 

aorta). 

 

 Transport blood towards the 

heart 

 Carry De-oxygenated Blood 

(except in the case of the 

pulmonary vein) 

 Have relatively wide lumens 

(see diagram above) 

 Have relatively less muscle / 

elastic tissue 

 Transports blood under lower 

pressure (than arteries) 

 Have valves throughout the 

main veins of the body. These 

are to prevent blood flowing in 

the wrong direction, as this 

could (in theory) return waste 

materials to the tissues. 
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Structure of the Vascular Bundles in Relation to Transport in Plants. 

Vascular bundles are a collection of tube-like tissues that flow through plants, transporting 

critical substances to various parts of the plant. They made up of Xylem and Phloem  

The cells within xylem and phloem link up with one another end-to-end to form long columns of 

cells that carry nutrients around the plant and water up from the roots. 

Xylem contains specialized cells called vessels and tracheids. These cells die at maturity, but 

their cell walls remain intact so that water can continue to flow. Vessel cells are wide and barrel-

shaped, while tracheids are slimmer and have pointed ends. 

Phloem contains sieve cells for transporting sugars. Sieve cells remain alive but lose their nuclei 

at maturity as they become specialized for sugar transport. Nearby companion cells retain their 

nuclei and support the function of the sieve cells. 

Vascular tissue also contains parenchyma cells in the vascular cambium, a tissue of cells that can 

divide to produce new cells for the xylem and phloem. 

The position of these bundles varies in different parts of the plant. In a leaf, for example, the 

phloem is usually found closer to the lower surface. 

Root 

Xylem vessels are tough and strong, so the vascular bundles are in the centre of the root to resist 

forces that could pull the plant out of the ground. 

Stem 

The stem has to resist compression (squashing) and bending forces caused by the plant’s weight 

and the wind. The vascular bundles are arranged near the edge of the stem, with the phloem on 

the outside and the xylem on the inside. 
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Vascular bundles in the stem 

 

 

The xylem typically lies adaxial with phloem positioned abaxial. In a stem or root this means 

that the xylem is closer to the centre of the stem or root while the phloem is closer to the exterior. 

In a leaf, the adaxial surface of the leaf will usually be the upper side, with the abaxial surface 

the lower side. This is why aphids are typically found on the underside of a leaf rather than on 

the top, since the sugars manufactured by the plant are transported by the phloem, which is closer 

to the lower surface. 

END OF UNIT 

https://en.wiktionary.org/wiki/adaxial
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