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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



This guide will help you to prepare for the WJEC AS/A-level Biology Unit 2 exam. Your understanding of some of the principles in Unit 1 may be re-examined here too.


The Content Guidance covers all the concepts that you need to understand and facts that you need to know for the Unit 2 exam. It also includes exam tips and knowledge checks to help you to prepare for Unit 2. There are four aspects to the unit, reflected in this guide, which you will find useful during your revision:





1  Body systems have evolved, by a process of natural selection, from common ancestors, so there is an evolutionary theme running through Unit 2. It is important that you keep this in mind as you use the guide because it will help you to understand the concepts involved.



2  The unit also follows a comparative approach, which requires the understanding of a particular concept, for example, gas exchange, and how this concept relates to adaptations such as gills in fish, lungs in mammals and a tracheal system in insects. In each topic, the concepts are presented first and then the details of the adaptations of the different organisms are explained. It is a good idea to get your mind around these key ideas before you try to learn all the associated facts.



3  The order in which topics appear in the guide follows the order of the specification, with two exceptions. In topic 1, biodiversity comes before classification, as understanding of the evolution of biodiversity facilitates an understanding of classification. In topic 3, plant transport comes before animal transport, as this topic follows directly on from gas exchange in plants. Gas exchange and transpiration are clearly linked and there is scope for examiners to write questions on plants that incorporate both topics.



4  Included at the end of each topic is a brief description of the practical work that you should have undertaken during the course. In the majority of cases this provides opportunities for examiners to assess your mathematical skills as well as your practical skills. With the exception of the topic on biodiversity and classification, all of the other topics include the examination of microscope slides of various tissues and organs. Examiners may use photomicrographs or drawings of these tissues and organs and ask questions that relate the visible structures to their functions. You may also be asked to calculate the actual size of structures within the image, or to calculate the magnification of the image; both of which you should have done during Unit 1.





The Questions & Answers section will help you to:





•  familiarise yourself with many of the different question styles you can expect in the unit test



•  understand what the examiners mean by terms like ‘describe’ and ‘explain’



•  interpret the question material — especially any data that the examiners give you



•  write concise answers to the questions that the examiners set





Each question in this section is attempted by two students, student A and student B. Their answers, along with the comments, should help you to see what you need to do to score a good mark — and how you can easily not score a good mark even though you probably understand the biology.





Content Guidance


The evolutionary relationships between organisms


Biodiversity


It is estimated that there are between 10 million and 100 million different species on the planet. In general, the greatest biodiversity is found in the tropics and this biodiversity decreases as one moves towards the poles. For example, coral reefs and tropical rainforests are the most diverse habitats on the planet.


Evolutionary history shows that the majority of all organisms are now extinct. The fossil record indicates that there have been five mass extinction events, when most species became extinct; these are referred to as bottlenecks in biodiversity. The fossil record shows that since the last of these events biodiversity has increased and new species have radiated out from pre-existing species.


Assessing biodiversity


Biodiversity can be assessed in different ways:





•  in a habitat



•  within a species at both genetic and molecular levels





Biodiversity of habitats


Sand dunes often have large numbers of marram grass growing on them and very few other plant species; they have low biodiversity. Tropical rainforests, in comparison, contain large numbers of different plant species; they have high biodiversity.


To investigate the biodiversity of a habitat, ecologists need to count the number of species present (species richness) and the number of individuals within each species population. Once the data has been collected it is possible to calculate the diversity of a habitat. Table 1, for example, shows data on different species found in two habitats, riffles and pools, within a stream.






	Species

	Number in riffle

	Number in pool






	Minnow

	12

	4






	Stonefly larva

	16

	2






	Mayfly larva

	19

	6






	Dragonfly larva

	9

	1






	Freshwater shrimp

	22

	14






	Bloodworm

	0

	53







Table 1 Biodiversity data for a stream
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Knowledge check 1


Which habitat in Table 1 has the highest species richness? Explain your answer.
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Although the riffle appears to be more species diverse, it is important to be able to express diversity in numerical terms. This can be done by using the index of diversity, such as Simpson’s diversity index, which is represented by the following formula:
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where D is the diversity, N is the total number of organisms of all species, n is the total number of organisms of a particular species and ∑ is ‘the sum of’.


Table 2 can be used to help calculate the diversity index of the pool.
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Knowledge check 2


Use the data in Table 1 to confirm that the diversity of the riffle is 0.79.
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Any value calculated using Simpson’s diversity index ranges between 0 and 1. The greater the value, the greater the sample diversity. When the diversity of the riffle is calculated, D = 0.79, therefore we can conclude that even though the species richness of the pool (six species present) is higher than that of the riffle (five species present) the biodiversity of the riffle is higher than that of the pool.



Biodiversity within a species


Members of the same species all have the same genes, but different combinations of alleles. The number of different alleles present within the gene pool of a species is called the genetic diversity of the species. Polymorphism is the word used to describe the presence of several different forms or types of individuals among the members of a single species. For example, there are two main forms of the peppered moth (Biston betularia), which have different wing colours.


Polymorphism results from the presence of polymorphic genes. The shells of the land snail (Cepaea nemoralis), for example, may demonstrate a variety of distinct colours, including yellow, pink and brown. The shells may also be marked with one to five dark bands that have varying amounts of pigmentation. All of these characteristics are genetically determined.





•  Shell colour is controlled by six alleles that are at the same gene locus.



•  Pigmentation of the bands is controlled by four alleles that are at a different gene locus.





Genetic variation within a species is commonly measured as the proportion of polymorphic gene loci across the genome. It is not practically feasible to count every single allele in a population, so researchers collect samples of DNA and analyse the base sequences to look for variations between individuals. The greater the variation in the DNA base sequence, the greater the genetic diversity of the species.


The DNA base sequences of elephant seal populations have been studied to assess their genetic diversity. The northern elephant seal (Mirounga angustirostris) population demonstrates reduced genetic variation, probably because of a population bottleneck: hunting reduced their population size to about 20 individuals at the end of the nineteenth century. The population of the northern elephant seal has since increased to over 30 000, but they have much less genetic variation than a population of southern elephant seals (Mirounga leonina) that was not so intensely hunted.


Genetic diversity is important because it is the basis of natural selection and survival of a species. A species with a high genetic diversity is likely to have some individuals with the characteristics that are required to cope with a change in the environment, so that some members of the species will survive. Low genetic diversity means that a species is more likely to become extinct if there are adverse environmental changes.



Evolution by natural selection


The variety of living organisms that exists today has evolved as a result of natural selection. The theory of natural selection was proposed by Charles Darwin and Alfred Russel Wallace in the mid-nineteenth century.


Darwin studied the finches of the Galapagos Islands, a small group of volcanic islands off the coast of Ecuador. Darwin observed how the beaks of individual finches differed on the different islands, and also that the size and shape of the beak allowed the finches to exploit the particular source of food available on that island (see Figure 1). The general resemblance of the island finches to those on the mainland led Darwin to suggest that an ancestral population of finches must have colonised the different islands, shortly after their formation. Darwin suggested that the finches had developed from this common ancestor, and that each type of island finch had, over time, developed a type of beak that was adapted to exploit a particular food source. This is a classic example of adaptive radiation.
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Following his 5-year voyage on the Beagle, Darwin started to develop his views on the mechanism by which these changes occurred. Darwin proposed that species evolve by a process of natural selection, which can be summarised by a series of observations and conclusions.





1  Overproduction of offspring: all organisms reproduce to give far more offspring than are needed simply to replace the parents.



2  Constancy of number: populations of organisms fluctuate, but population numbers remain fairly constant.



3  Struggle for existence: from these two observations, Darwin concluded that there must be a ‘struggle for existence’ between individuals of the same species, and that some individuals will not survive long enough to reproduce.



4  Variation among offspring: the offspring of any species that reproduces sexually show individual variations.



5  Survival of the fittest: Darwin concluded that those individuals that are best adapted to their environment will be more likely to survive in the ‘struggle for existence’.



6  Offspring resemble their parents: those individuals that survive to reproduce are likely to produce offspring that are similar to themselves, therefore favourable adaptations are transmitted from one generation to the next.



7  Formation of new species: Darwin concluded that over successive generations, the characteristics of a population will slowly change. Those individuals that lack favourable characteristics will be less likely to survive and reproduce, and so their numbers will decline. Those individuals that exhibit favourable characteristics will survive and reproduce, and their numbers will increase.





The Galapagos finches example focuses specifically on the anatomical adaptations of the birds to the different environments, that is, the size and shape of their beaks. Natural selection will, however, lead to both physiological and behavioural adaptations to enable each species to become adapted to a particular environment. For example, the tree finches feed primarily on insects, so their digestive systems would also have had to adapt to a higher protein diet, when compared with their seed-eating ancestors. The woodpecker finch has evolved various behavioural adaptations that allow it to feed on insect larvae. This species is one of the few birds in the world that we have observed using ‘tools’; it uses a small twig, or cactus spine, to pry the larvae out of small holes in cactuses, or from beneath the layer of bark.


Classification


Classification places organisms into discrete groups with other closely related species. Classification systems are hierarchical, that is, larger groups are subdivided into smaller groups. Each group, or taxon, may contain a number of groups (taxa) lower in the hierarchy. Each group has features that are unique to that group — for example, all mammals feed their young on milk.
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Exam tip


You will need to remember the names of the seven taxonomic groups and the order in which they are arranged. The use of a mnemonic can help you to remember the names and the order, for example, King Philip Crossed Oceans For Gold and Silver.
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Table 3 shows that as organisms are classified down the hierarchy they have more characteristics in common. Both humans and wolves have a backbone and feed their young on milk. The possession of a backbone is a characteristic that they share with birds, reptiles, amphibians and fish, which all belong to the phylum Chordata. However, feeding the young on milk is a characteristic that is unique to the class of mammals.


The biological name of an organism follows a binomial (two-name) system that uses the name of its genus and species. The biological name is in Latin, which is a universal language and internationally recognised, and is printed in italics.
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Knowledge check 3


What are the scientific names for humans and the grey wolf?
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Phylogenetic trees


Biological classification of organisms is based on the presence of shared characteristics and on the evolutionary relationships between organisms; this is known as a phylogenetic system. A phylogenetic tree represents the evolutionary history of different species and indicates common ancestors and lines of descent (Figure 2). Molecular data and the presence of homologous structures are used to help construct phylogenetic trees.
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Knowledge check 4


Which two groups of finches in Figure 2 are the most closely related?
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Organs in one species that have a similar basic structure to organs in other species are referred to as being homologous structures; for example, the pentadactyl limb in vertebrates (Figure 3). The forelimbs of a crocodile and the wings of a bird may differ in function, but they are related to each other through common descent.
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Analogous structures have the same function but are not derived from the same organ in a common ancestor; for example, the wings of an insect and the wings of a bird. Analogous structures arise due to a process of convergent evolution, as a result of adaptation to similar environmental conditions. Convergent evolution may make it difficult to distinguish between homologous structures and analogous structures, and has resulted in organisms being incorrectly grouped together.


Biochemical analysis has allowed more accurate classification to confirm evolutionary relationships. A mutation results in a change in the base sequence of DNA, and as species diverge from a common ancestor, each distinct lineage accumulates changes in its DNA base sequences. DNA base sequence comparisons provide a reliable indicator of similarity without the problem of morphological convergence.
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