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Exam tips


Advice on key points in the text to help you learn and recall content, avoid pitfalls, and polish your exam technique in order to boost your grade.
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Knowledge check


Rapid-fire questions throughout the Content Guidance section to check your understanding.
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Knowledge check answers


Turn to the back of the book for the Knowledge check answers.
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Summaries





•  Each core topic is rounded off by a bullet-list summary for quick-check reference of what you need to know.
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About this book


The aim of this book is to help you prepare for the AS Unit 2 examination for CCEA Biology. It also offers support to students studying A2 biology, since topics at A2 rely on an understanding of AS material.


The Content Guidance contains everything that you should learn to cover the specification content of AS Unit 2. It should be used as a study aid as you meet each topic, for end-of-topic tests, and during your final revision. For each topic there are exam tips and knowledge checks in the margins. Answers to the knowledge checks are provided towards the end of the book. At the end of each topic there is a list of the practical work with which you are expected to be familiar. This is followed by a comprehensive, yet succinct, summary of the points covered in each topic.


The Questions & Answers section contains questions on each topic. There are answers written by two students with comments on their performances and how they might have been improved. These will be particularly useful during your final revision. There is a range of question styles to reflect those you will encounter in the AS Unit 2 exam, and the students’ answers and comments will help with your examination technique.


Developing your understanding


It is important that through your AS course you develop effective study techniques.





•  You must not simply read through the content of this book.



•  Your understanding will be better if you are active in your learning. For example, you could take the information given in this book and present it in different ways:







    –  a series of bullet points summarising the key points


    –  an annotated diagram to show structure and function (e.g. a diagram of the heart with labelled features and brief notes on function) or an annotated graph (e.g. showing pressure changes during a cardiac cycle, with notes explaining the phases and points at which valves are opened and closed)


    –  a spider diagram, e.g. one on the heart to include reference to its structure, the wave of excitation, the phases of the cardiac cycle, pressure changes and the operation of valves








•  Compile a glossary of terms for each topic. Key terms in this guide are shown in bold (with some defined in the margin) and for each you should be able to provide a definition. This will develop your understanding of the language used in biology and help you where quality of written communication is being assessed.



•  Write essays on different topics. For example, an essay on transport in plants will test your understanding of the entire topic and give you practice for the Section B question.



•  Think about the information in this book so that you can apply your understanding in unfamiliar situations. Ultimately you will need to be able to deal with questions that set a topic in a new context.



•  Ensure that you are familiar with the expected practical skills, as questions on these may be included in this unit.



•  Use past questions and other exercises to develop all the skills that examiners must test.



•  Use the topic summaries to check that you have covered all the material you need to know and as a brief survey of each topic.








Content Guidance


Principles of exchange and transport


Living cells require certain substances from their environment to maintain their metabolic processes, and need to remove the toxic by-products of metabolism.


Animal tissues obtain:





•  oxygen from the air (or from water if they are aquatic)



•  glucose, fatty acids and amino acids from ingested food



•  water





Animal tissues remove carbon dioxide and nitrogenous waste (e.g. urea).


Plant tissues obtain:





•  oxygen from the air, especially at night



•  carbon dioxide from the air during the day



•  inorganic ions (e.g. nitrate ions to provide nitrogen for amino acid synthesis and phosphate for the synthesis of phospholipids) from the soil solution



•  water





Plant tissues remove either carbon dioxide or oxygen, depending on the time of day.


Any substances exchanged with the environment may need to be transported within the organism.
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Exam tip


An absorptive surface allows the uptake of soluble substances — for example, products of digestion in the ileum or water and ions by root hairs. A gas exchange surface allows oxygen to move through in one direction and carbon dioxide in the opposite direction. It is sometimes referred to as a respiratory surface because the respiratory gases, oxygen and carbon dioxide, are involved.
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The exchange of substances


There are a number of factors that influence the absorption or exchange of substances.
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Knowledge check 1


Which inorganic ion do plants need to absorb to make amino acids?
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The exchange of substances occurs only at moist, permeable surfaces. Some organisms have moist and permeable body surfaces (e.g. earthworm and frog). However, to prevent water loss by evaporation, mammals and flowering plants, which require terrestrial adaptations, possess impermeable surfaces. This means that mammals and flowering plants must have specialised absorptive or exchange surfaces.


The need for specialised absorptive or exchange surfaces depends on the size and shape of the organism, because both these factors affect an organism’s surface area-to-volume ratio. The surface area is represented by the total number of cells in direct contact with the surrounding environment. The volume is the total three-dimensional space occupied by metabolically active tissues. The absorptive surface area is a measure of the rate of supply of metabolites to tissues. The volume of the organism is a measure of its demand for metabolites. An organism must be capable of taking up sufficient material to satisfy its needs. Therefore, the surface area-to-volume ratio is critical — it must be sufficiently large.


The influence of size on surface area-to-volume ratio is shown graphically in Figure 1, in which cubes of different dimensions are used as the example.
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Knowledge check 2


Calculate the surface area-to-volume ratio of a cuboid body of dimension 1 × 2 × 3.
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While this relationship has been calculated for cubes, the principle is true for all regular shapes. Small organisms have a large surface area-to-volume ratio. The external surface of a small organism can be used as a gas exchange surface because the relatively large surface area is able to supply sufficient oxygen to the relatively small volume. For example, an earthworm is small enough for its body surface to be used for gas exchange.


A larger organism has a small surface area compared with its large volume, i.e. a small surface area-to-volume ratio. The relatively large volume creates a demand for oxygen that the relatively small surface area is unable to supply. Therefore, large organisms need specialised permeable surfaces whereby the absorption or exchange area is increased to satisfy the needs of the organism.


The rate at which an organism requires substances depends on its metabolic rate. An organism with a high metabolic rate has a high oxygen requirement and, therefore, possesses specialised, large gas exchange surfaces. This can be illustrated by comparing the mouse and the frog, which are organisms of similar size. The mouse has a metabolic rate and oxygen consumption approximately ten times greater than that of a frog, and has a proportionately bigger gas exchange surface. The frog’s lungs are simple sacs, while the mouse has spongy lungs consisting of millions of microscopic alveoli. The large surface area is essential for the high rate of oxygen uptake required for the high metabolic rate of the mouse.
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Exam tip


Never say that small organisms have a large surface area — the surface area of a small organism is small! It is the surface area-to-volume ratio that is large.
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To summarise, an organism requires a specialised absorptive surface if it is terrestrial (with an impermeable surface), large (with a small surface area-to-volume ratio) or has a high metabolic rate.


Methods of increasing the area of an absorptive surface include:





•  evagination (outfolding) of the surface



•  invagination (infolding) of the surface



•  flattening of the organism





Organisms with a flattened shape have a large surface area-to-volume ratio. A cube of 1 × 1 × 1 arbitrary units has a surface area-to-volume ratio of 6. If this cube is flattened to dimensions of 0.1 × 10 × 1 arbitrary units, it has the same volume but the surface area-to-volume ratio is 22.2, an increase of nearly four-fold. Flattening not only increases the surface area-to-volume ratio, but it also decreases the distance over which substances have to be moved.
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Knowledge check 3


Give three reasons why humans need a specialised gas exchange surface (i.e. lungs).
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Skills development


Numeracy skills: calculations


To gain a better understanding, you should go over the calculation of surface area-to-volume ratios shown in Figure 1 and described above. Remember that the examination will require you to carry out at least one calculation, so practice is important. Ratio is calculated as the proportion of one value to another. Apart from ratio, you might also be asked to calculate magnification (see the first student guide in this series, covering AS Unit 1), percentage, percentage change and rate.


Percentage means out of 100. It is calculated by dividing a value by the total and multiplying by 100.


To calculate a percentage change, divide the difference (final value subtracted from the initial value) by the initial amount and multiply by 100. You might calculate a negative change — this represents a decrease.


The rate of a process is calculated as the change per unit time.
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Exam tip


You have already met an absorptive surface — the one responsible for the absorption of the products of digestion by the villi (with microvilli further increasing surface area) in the ileum.
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Table 1 shows some important examples of efficient absorptive surfaces in flowering plants and mammals.
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Exam tip


Note that there are two gas exchange surfaces in mammals: between air in the alveoli and blood in the pulmonary capillaries within lungs; between blood in the systemic capillaries and cells in body tissues.
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Knowledge check 4


Which two features of red blood cells provide them with a large surface area-to-volume ratio?
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Exam tip


Questions often begin by asking for the definition of a term. As a part of your revision, construct a list of definitions for all the terms shown in bold in this and subsequent chapters.
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The transport of substances


The molecules in gases and liquids move constantly and at random. If there is a difference in the concentration of molecules within an area, a net movement of the molecules occurs, resulting in the molecules becoming evenly distributed. This is illustrated in Figure 2.
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Such movements are known as diffusion. Diffusion can take place across surfaces as long as these are moist and permeable to the substances.
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Knowledge check 5


How are gases moved across exchange surfaces?
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Diffusion is a sufficiently effective mechanism for the movement of substances across thin surfaces and within thin organisms. For example, a flatworm (an animal with a simple body plan — small, tapering and flattened — about 2 cm long and 2 mm thick) absorbs oxygen at its moist body surface and this oxygen diffuses to all body tissues since these are within easy reach of the surface. However, diffusion alone does not suffice for the movement of substances within large organisms.


Transport of substances in larger organisms occurs by mass flow (Figure 3). In mass flow, unlike diffusion, all molecules are swept along in the same direction.
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Mass flow is brought about by a pressure difference. Mass flow systems include the xylem and phloem systems of flowering plants and the breathing (ventilation) and blood circulatory systems of mammals. Different mass flow systems have different means of generating a pressure difference (Table 2).
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Knowledge check 6


List the features of a good transport system.
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Table 2 Examples of mass flow systems in flowering plants and mammals






	Mass flow system  

	Method of generating a pressure difference

	Function of the mass flow system






	Xylem system

	Tension (negative pressure) in the leaf xylem generated by the transpirational loss of water from leaves

	One-way transport of water and ions from roots to leaves in a flowering plant






	Phloem system

	Movement is driven by energy from the plant

	Two-way flow of organic solutes (e.g. sucrose) in a flowering plant






	Breathing (ventilation) system

	Pressures in the thorax are alternately decreased (inducing inhalation) and increased (inducing exhalation)

	Ventilation of the mammalian lungs, whereby air is alternately drawn in and forced out






	Blood circulatory system

	High pressure is generated by the muscular heart

	Circulation of blood carrying oxygen, glucose, amino acids, fats, carbon dioxide, urea etc. in a mammal
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Knowledge check 7


Explain how thinness helps gaseous exchange and means that a transport system is not necessary.
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There is an overlap between the principles of exchange and of transport. The flatness of an organism (or of a cell) increases its surface area-to-volume ratio and, therefore, its effectiveness in absorption. However, it also decreases the diffusion path, which is probably more important. An earthworm, though bigger than a flatworm, has a sufficiently large surface area-to-volume ratio to satisfy its gas exchange requirements, but needs an internal transport (blood circulatory) system, since the diffusion distance is too great. A flatworm has no need for an internal transport system, not only because it is thin, but also because its digestive system branches throughout its body so that food is absorbed in close proximity to all tissues (Figure 4).
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Exam tip


Note that reference has been made to flatworms, earthworms and even frogs, none of which is specified in the content of the unit. This is because you are required not only to have knowledge of the principles of exchange and transport, but to be able to apply your understanding in unfamiliar situations. Therefore, it is better to learn these principles through appropriate examples.
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Summary





•  An organism needs to absorb and/or exchange substances with the environment and these substances have to be distributed within the organism.



•  Absorption or exchange of substances occurs at moist, permeable surfaces.



•  A small organism has a large surface area-to-volume ratio, so can supply sufficient oxygen via its surface to satisfy the metabolic demands of its body (volume).



•  An organism requires a specialised absorptive/exchange surface if it is terrestrial (with an impermeable surface), if it is large (with a small


    surface area-to-volume ratio) or if it has a high metabolic rate.



•  Specialised absorptive surfaces often involve outfoldings or infoldings, which increase surface area without increasing volume.



•  Thinness increases the surface area-to-volume ratio and also reduces the diffusion path of substances.



•  A transport system is required in larger animals and plants to distribute substances from one site to another.



•  Transport systems involve mass flow, and a means of generating a pressure difference (often a pump).
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Gas exchange


The surface over which gas exchange takes place must be:





•  permeable to oxygen and carbon dioxide



•  moist, since gases must dissolve in water before diffusing into tissue cells
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Exam tip


In Fick’s law, the barrier to diffusion is often referred to as a membrane. The term membrane includes both the cell-surface membrane and the epithelium membrane, i.e. the layer of cells covering an organ.
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Gas exchange across an exchange surface relies on diffusion. The rate of diffusion across this surface is influenced by a number of factors, as defined by Fick’s law:


[image: ]


Fick’s law shows that gas exchange is increased where:





•  the exchange surface has a large surface area



•  there is a big difference in the concentration of gases on each side of the surface



•  the exchange surface is thin, with a short diffusion distance





The higher the metabolic rate of the organism, the greater the need for these principles to be met.


Gas exchange in flowering plants


There are two processes in flowering plants that involve gas exchange: respiration and photosynthesis. Respiration takes place in all tissues, all the time. Photosynthesis takes place only in green tissues (i.e. those containing chlorophyll), and only during the daylight hours. Indeed, the rate of photosynthesis depends on the light intensity. So, the maximum rate of photosynthesis occurs when the light intensity is highest, such as at midday. At this point, the rate of photosynthesis greatly exceeds the rate of respiration and so there is a net production of oxygen. At a specific low light intensity (during dawn and dusk) the rate of photosynthesis equals the rate of respiration and so the net exchange of oxygen is zero. This is known as the compensation point, since the rate of oxygen production (in photosynthesis) is balanced by the rate of oxygen consumption (in respiration).


These changes in oxygen use and release by a flowering plant are shown in Figure 5.
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Respiratory gas exchange in flowering plants


The roots of plants use energy in processes such as cell division (growth) and the active transport of ions from the soil solution. In the growth region, the epidermal cells possess root hairs, which increase the surface area-to-volume ratio. In soil that is not waterlogged, root hairs are surrounded by air spaces between the particles of soil. Diffusion of respiratory gases occurs through the cell wall and cell membrane of these root hairs (Figure 6).
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Exam tip


Don’t forget that plants need oxygen for respiration. This is particularly crucial for roots and is the reason that plant growth and survival is so dependent on the soil containing air and thus having a good crumb structure.
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Knowledge check 8


Suggest why plants have a lower metabolic rate than animals.
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In stems, especially those of woody plants, the most active cells are those under the surface. Although the stem’s outer covering is waterproofed to reduce water loss to the air (and so is impermeable to gases) there are small pores to allow oxygen in and carbon dioxide out.


Plants lack specialised respiratory surfaces and yet can be very large. This is because they lack tissues with a high energy demand and so have low respiration rates.



Photosynthetic gas exchange in flowering plants


The leaf is the major photosynthetic organ in a flowering plant. The leaf needs a specialised gas exchange surface because:





•  a high rate of photosynthesis is generated



•  the concentration of carbon dioxide in air is low (400 parts per million or 0.04%)





The leaf epidermis, particularly the lower epidermis, possesses guard cells that control the opening and closure of stomata. The stomata open during the hours of daylight. When open, air, containing carbon dioxide, diffuses into and out of the leaf mesophyll. Carbon dioxide diffuses through an air space system provided by the spongy mesophyll. Having diffused through the air space system, carbon dioxide is absorbed by mesophyll cells (in which carbon dioxide concentration is low as it is used in photosynthesis). It is this moist mesophyll surface that represents the gas exchange surface (Figure 7). Since the leaf is broad and thin, there is a large surface area and the diffusion distance for gases is short.
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Knowledge check 9


List three features of leaves that facilitate gas exchange.


[image: ]





Oxygen produced in photosynthesis diffuses out of mesophyll cells into the air space and then out through open stomata. Some oxygen is, of course, used up in respiration.


Plants living in water: hydrophytes


There is much less oxygen dissolved in water than there is oxygen in air, so the stems and leaves of aquatic flowering plants (hydrophytes) have adaptations to facilitate the uptake and movement of oxygen and carbon dioxide (Figure 8).
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Knowledge check 10


Why do floating water plants only have stomata on the upper surface of their leaves?
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Gas exchange in mammals



Gas exchange in cells occurs by diffusion (Figure 9). In cells respiring aerobically, oxygen is used and carbon dioxide is produced. This affects the concentration gradients and so oxygen diffuses into the cell and carbon dioxide diffuses out.
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The movement of oxygen to cells, and of carbon dioxide out, involves four stages:





•  diffusion of gases between respiring cells and blood



•  transport of gases in blood



•  diffusion of gases across the gas exchange surface between alveolar air and blood



•  ventilation of the lungs with fresh air
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Exam tip


Note that, in mammals, there are two mass flow systems involved in the movement of oxygen, though movement at the two interfaces relies on diffusion.
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The structure of the lungs


Air is breathed through the nostrils or mouth, and enters or leaves the lungs via the trachea. The lungs are situated within the thorax (also known as the thoracic cavity). The trachea branches into two bronchi (singular bronchus) which further branch into a series of ever-finer bronchioles forming a bronchial tree. Each terminal bronchiole leads to a cluster of alveoli, with an alveolar duct connecting with each alveolus. Each individual alveolus is tightly wrapped in blood capillaries and it is here that gas exchange takes place. The structure of the lung system is shown in Figure 10.
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