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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 aim of this guide is to help you succeed in your two chosen themes, selected from the following options:





•  Ecosystems



•  Economic growth and challenge — India/China/development in an African context



•  Energy challenges and dilemmas



•  Weather and climate





These optional themes make up:





•  section B of Eduqas A-level Geography Component 3: Contemporary themes in geography



•  section B of WJEC A-level Geography Unit 4: Contemporary themes in geography





The format of the different examination papers for Section B is summarised as follows:
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Section A is based on one compulsory theme — Tectonic hazards. Section A is covered in the WJEC/Eduqas AS/A-level Geography Student Guide 2: Coastal landscapes/Tectonic hazards and Student Guide 3: Glaciated landscapes/Tectonic hazards. Your centre can choose between Coastal landscapes or Glaciated landscapes. The assessment of answers to Section A is similar to that for Section B, but with a slightly different mark allocation and AO weightings.


This guide has two sections:





•  Content Guidance — this summarises some of the key information that you need to know to be able to answer the examination questions with a high degree of accuracy and depth. In particular, the meaning of key terms is made clear and some attention is paid to providing details of case study material to help meet the spatial context requirement within the specification.



•  Questions & Answers — this includes some sample questions similar in style to those you might expect in the exam. There are some sample student responses to these questions as well as detailed analysis, which will give further guidance on what exam markers are looking for to award top marks. The best way to use this book is to read through the relevant theme first before practising the questions. Only refer to the answers and examiner comments after you have attempted the questions.








Content Guidance




Ecosystems


The value and distribution of ecosystems


Ecosystems as providers of goods and services


Ecosystem goods are products that can be derived directly from an ecosystem. Examples include timber from trees, nutrients derived from plants and animals, fibres and medicines.


Ecosystem services are benefits that people obtain from ecosystems. These services result from the interactions among organisms and their natural environments, and are important to human wellbeing. Ecosystem services can be categorised as:





•  provisioning services (direct products of ecosystems, such as food)



•  regulating services (benefits from the natural regulation of, for example, CO2)



•  cultural services (non-material benefits obtained from natural systems, such as aesthetic pleasure from looking at scenery)



•  supporting services (e.g. soil formation and nutrient cycling)
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Knowledge check 1


Identify synoptic links between ecosystem goods/services and other parts of your A-level course.


[image: ]







[image: ]


Exam tip


When answering a question on the value of ecosystems, note that a given ecosystem good or service might be viewed differently by different groups. Seals and whales can be viewed as a provisioning ecosystem good by the Inuit, whilst whale watching is perceived as a cultural service by tourists.
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Exam tip


Remember that AO2 marks are earned by making synoptic links with other parts of the A-level specification, such as the carbon cycle.
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Human populations depend on the goods and services provided by the world’s ecosystems for their wellbeing and survival (Figure 1). If ecosystems are over-exploited for the short-term provisioning of goods, there will be long-term loss of the valuable services they provide for human wellbeing and ecosystem survival. Unsustainable economic use of ecosystem goods and services places humans at risk.
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Exam tip


Consider spatial variations in the benefits derived from ecosystem goods and services. Growing jatropha (a shrubby tree with oily seeds that can be used to make biodiesel) in Kenya provides an ecosystem good for wealthier EU countries, but may lead to ecosystem degradation in Kenya, resulting in inequalities.
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Knowledge check 2


Can you think of an example of where ecosystem goods or services have been over-exploited by human activity?
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Distribution of the major global biomes


Figure 2 shows the distribution of biomes, which is principally controlled by climate, particularly average temperatures and moisture availability. Different biomes can be grouped according to mean annual temperature and precipitation (Figure 3). Forests, such as the tropical rainforest, located between 10° N and 10° S of the equator in South America, Africa and Asia, are associated with high temperatures and moisture availability. Grasslands (tropical and temperate) are associated with areas of low (often seasonal) moisture availability, but a wider range of temperatures. Areas with extremely low annual precipitation levels correspond with desert biomes.
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Knowledge check 3


Will seasonal exchanges of carbon between the atmosphere, biosphere and soil vary more in the tropical rainforest biome or the temperate grassland biome? Why?
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Exam tip


Using the correct definitions and appropriate terminology in your answers is important for strengthening AO1 marks (awarded for knowledge and understanding).
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The structure and functioning of ecosystems


The ecosystem concept, including energy flows


An ecosystem is a discrete structural, functional and life-sustaining environmental system. It consists of biotic components (plants, animals and microorganisms) and abiotic components (non-living chemical and physical parts of the environment).


The structure of an ecosystem consists of a series of storage units or trophic levels, including autotrophs (primary producers), heterotrophs (consumers) and saprotrophs (decomposers), each of which occupies an ecological niche. Radiant energy from the Sun is the only significant energy source for any ecosystem. Only plants can store energy from the Sun via photosynthesis, so all the other organisms must receive their energy passed along a food chain. Energy is stored within each level and transferred between the levels. The lowest level always consists of primary producers (plants). The second level comprises primary consumers (herbivores), which feed on organisms in the first trophic level. The third level — the secondary consumers (carnivores) — feed on herbivores. The fourth level consists of tertiary consumers, which often include omnivores. The final trophic level is also known as the apex predator. There are never more than five trophic levels. Decomposers feed on all the trophic levels.


Organisms require energy for life functions such as growth, movement and reproduction. Therefore, for all organisms, there must be both a source and an associated loss of energy. The biomass decreases at each trophic level because energy is lost at the transfer between stages through respiration and decay. Although the size of the organism generally increases with each trophic level, the number of individuals that can be supported decreases (Figure 4).
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Variations in nutrient cycling between two biomes


Nutrients are the chemical elements and compounds needed for organisms to grow and function. They are stored in soil, litter and biomass. The Gersmehl nutrient cycle model, made up of circles and lines, can be used to summarise nutrient cycling. The size of circles is proportional to the amount of nutrients stored, and the thickness of the lines is proportional to the amount of nutrient flows (Figure 5).
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Temperature and precipitation influence the sizes of inputs, stores, flows and outputs. The tropical rainforest biome demonstrates an active cycle of nutrient cycling; the taiga forest biome represents a poor nutrient cycle, with slow replenishment.


The equatorial rainforest biome (Figure 6), with its large above-ground biomass store, contrasts with the smaller biomass store of the taiga forest biome (Figure 7), where growth and biodiversity are lower due to the cold conditions. The litter store for the tropical rainforest biome is small because of rapid decomposition in the hot, wet conditions. This contrasts with the large litter store in the taiga forest biome, where the cold, acidic conditions inhibit the breakdown and decay of litter. The small nutrient soil store in the tropical rainforest biome results from rapid leaching due to high precipitation, whereas the soil store in the taiga forest biome is very small due to the cold conditions, which inhibit weathering.


Primary productivity


Levels of primary productivity are linked to the presence of limiting factors, including temperature, moisture, light and nutrient availability. Temperature controls the rate of plant metabolism, which, together with light, determines the rate of photosynthesis. Temperatures need to reach a critical level for an ecosystem to function — biological metabolic activity occurs within the range 0–50°C, with an optimum range of 15–25°C. Water is a principal requirement for photosynthesis and is therefore an important influence on levels of primary productivity — in the absence of water the importance of temperature and light diminishes. Temperature and moisture also influence the rate of weathering and therefore nutrient availability from soils. The complexity of, and interconnections between, the limiting factors make it difficult to isolate the importance of one factor alone.
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Knowledge check 4


How does nutrient cycling in the temperate grassland biome differ from that in the tropical rainforest and the taiga?
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Tables 8 and 9 on pages 47–48 of WJEC/Eduqas A-level Geography Student Guide 4: Water and carbon cycles/Fieldwork and investigative skills show the physical factors affecting plant growth in the tropical rainforest and temperate grassland biomes.
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Exam tip


Always provide supporting statistics when discussing levels of primary productivity. The mean net primary productivity of tropical rainforest is 2.3 kg m−2 yr−1, compared with that of tropical grassland of 0.9 kg m−2 yr−1.
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Biodiversity under threat


Measures of biodiversity


Ecosystem biodiversity refers to the number and variety of organisms within an area, and has three components: species diversity, ecosystem (or habitat) diversity and genetic diversity. It is often used as a measure of the health of biological systems.



Threats to biodiversity


Some physical and human factors threaten biodiversity both directly and indirectly. Direct threats mostly relate to land management practices, including industry, agriculture, mining, urbanisation and tourism. Indirect threats are mostly associated with human-induced climate change, and include threats from changing temperature and rainfall patterns, rising sea levels, the increased incidence of high-impact storms and ocean acidification.


The biodiversity of some ecosystems is particularly at risk from direct action. Tropical rainforests, such as the Amazon rainforest, are under threat because of deforestation associated with cattle ranching, soy and oil palm cultivation, logging and mineral exploitation. About 95 per cent of all deforestation in the Brazilian Amazon occurs within 50 km of road infrastructure.


The biodiversity of all ecosystems is increasingly at risk from indirect action, particularly the threats associated with anthropogenic climate change. These include the increased incidence of high-impact storms (causing habitat destruction), changing temperature and rainfall patterns (which affect the least tolerant species) and sea level rise (which may occur too quickly for species to adjust). Ecosystems at greater distances from human influences are more likely to be threatened by indirect rather than direct action. Due to its relative isolation, low population densities and remoteness, the tundra biome falls into this category; however direct threats associated with mining, settlement and tourism are increasing (p. 18).
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Exam tip


When discussing threats to biodiversity, consider threats at different spatial scales: local (e.g. a pollution incident from one factory), regional (e.g. acid rain or nuclear contamination) and global (e.g. global warming), and over different time scales.
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Ecosystems at greatest risk


Tropical rainforests are at risk from climate change, acid rain and invasion by non-native species. They are particularly fragile because of their high biodiversity, and the loss of ecological niches can have dramatic effects on food webs, which are highly specialised. Other concerns include the following:





•  Biomass loss reduces carbon storage and sequestration.



•  Most nutrients are held up in the biomass store (Figure 6), so when deforestation occurs many nutrients are lost.



•  Deforestation reduces inputs of organic matter to the litter and soil stores.



•  The loss of canopy cover results in less interception and more precipitation reaching the forest floor, leading to increased loss of nutrients through leaching and overland flow.
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Exam tip


If an exam question asks for an evaluation of ecosystem threats, your analysis could consider spatial scales. Threats can take place at more than one scale and can cross scales. Demand for timber may lead to the regional loss of forest cover, which may increase flood magnitude along a local stretch of river.
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Coral reefs are found between latitudes 30° N and 30° S in marine water with a minimum temperature of 18°C, where water is less than 30 m deep, allowing light for photosynthesis. Zooanthellae (algae) survive in these conditions and provide the oxygen required by the corals.


Coral reefs are disappearing because tropical seas have become warmer, causing coral to lose the algae that live within them. In addition, oceans are becoming more acidic as a result of CO2 emissions associated with human activity. Surface ocean pH has become more acidic by approximately 0.1 units since pre-industrial times. Ocean acidification affects calcium carbonate saturation in ocean waters, thereby making this building block of shells and skeletons less available, which affects the health of corals and other marine organisms.


Depending on their location, many coral reefs, notably the reefs of southeast Asia, are also at risk from direct threats from overfishing and destructive fishing practices (including the use of cyanide and dynamite).


Coral reefs are of particular concern because:





•  although they cover less than 0.1 per cent of the ocean floor, they support a quarter of all marine species



•  their vertical growth and complexity provide numerous habitats



•  they support valuable fish stocks
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Exam tip


If an exam question asks you to evaluate which ecosystem is at greatest risk, include criteria such as: the spatial extent of the ecosystem (e.g. wetlands cover only 1 per cent of the Earth’s surface) and the ability of an ecosystem to recover (you could integrate the specialised concepts of equilibrium and thresholds when discussing coral reefs).
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The bleached coral can recover, but only if cooler water temperatures return and the algae are able to grow again (although there is new research into breeding ‘super coral’ varieties — more resistant to stresses of warming seas and acidification — in a process known as ‘assisted evolution’).


Freshwater ecosystems in rivers, lakes and wetlands occupy less than 1 per cent of the Earth’s surface, but they have a disproportionately large amount of biodiversity. Over half the world’s wetlands have disappeared since 1900. Direct threats from commercial development (including agriculture and tourism facilities), drainage schemes, extraction of minerals and peat, and overfishing have contributed to this loss. The indirect threat of climate change is leading to shallow wetlands being swamped, and some species (e.g. mangrove trees) being submerged and drowned. At the same time, other estuaries, floodplains and marshes are being destroyed through drought.



Conserving biodiversity



Strategies to conserve biodiversity


Strategies to conserve biodiversity range from scientific reserves that prevent access in order to allow total protection to schemes that integrate economic development into conservation (Figure 8).
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Exam tip


Surtsey is an example of a lithosere — one of the local-scale ecosystems you could investigate when studying ecosystem succession.
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Surtsey is a volcanic island approximately 32 km from the south coast of Iceland, formed by volcanic eruptions that took place from 1963 to 1967. It has been managed as an IUCN category 1a Strict Nature Reserve since its inception. The fact that the ongoing ecological processes have remained unaffected by human activities makes Surtsey a unique natural laboratory of global significance.


An example of a conservation strategy that involves economic development as a conservation tool is the extractive reserves idea in Brazil, which aims to simultaneously conserve forests and extract their resources in an economically sustainable way. Extractive reserves are not limited to extractive activities, such as nut harvesting and rubber tapping, but can also be used for agricultural activities. Since their inception, more than 3.4 million hectares of Brazilian land are now part of extractive reserves, and several more reserves are in the planning process. In the Alto Juruá reserve, although deforestation is occurring, its frequency is much lower than in neighbouring, non-reserve lands. Where extractive activities involve land clearing, community management has kept the clearing to a minimum.



Conservation issues


Issues associated with conservation include which areas and which species to conserve, the design of areas, in situ or ex situ approaches, and the legislation and financing of programmes.


Types of conservation area include those with a comprehensive representation of a particular ecosystem type (eco-region approach) and those where the greatest number of species are under imminent threat (hotspots). Eco-regions are smaller than hotspots, which makes them easier to protect.


In situ conservation involves maintaining organisms in their wild state in existing locations, or creating gene pools and banks. Ex situ conservation involves moving species and managing them in captivity, which is costly and limited. Both approaches have been used in the case of the Iberian lynx in the dehesa (Spain) and montado (Portugal) ecosystems. Intensive conservation practices were implemented in the wild, including restoration of populations of the lynx’s main prey — the rabbit — together with regeneration of rabbit and lynx habitats. This, combined with a captive-breeding programme, led to IUCN revising the status of the Iberian lynx from Critically Endangered to Endangered in 2015.


Conservation is expensive and cannot be left to individual countries. In general, HICs (high income countries, see p. 71) have a higher proportion of protected areas than LICs (low income countries), and have higher conservation costs per km2 because land prices are higher.


Ecosystems at a local scale


Succession of one ecosystem


Ecosystems are dynamic and can change considerably over time and space. The replacement of some species by others through time is called an ecological succession. Each period or location when a particular type of vegetation is the most important is known as a seral stage. From a ‘sterile’ area, an ecosystem at the local scale can develop through distinct seres to a climatic climax community. The initial physical conditions (water, rock or sand) are important in influencing the specific nature of succession. A hydrosere will develop over time from fresh water, a halosere over time from salt water, a lithosere over time from bare rock and a psammosere over time and space from bare sand (Figure 9).


Psammoseres develop beyond the high-tide mark on a beach. With increasing distance inland, the dunes are older, and the flora and fauna have had longer to colonise and adapt to the environmental conditions. Each stage (or sere) is referred to in terms of its location along the succession, and is associated with certain physical and chemical conditions, with a particular microclimate and soil quality. Moving from the pioneer zone (the embryo dunes) inland the following changes occur:





•  physical and chemical — increasing soil moisture/decreasing infiltration rates; decreasing alkalinity of soil; increase in humus, organic content and depth of soil



•  microclimate — increasing height of vegetation, leading to diminishing wind speeds and increasing temperatures



•  vegetation coverage — decreasing percentage of bare ground; changes in vegetation coverage; increasing numbers of species (diversity); increasing vegetation height/layers







[image: ]




The improving quality of soil (increased moisture, humus and depth) creates better conditions for growth and allows larger and more diverse plants to become established. Increasing shelter and stability promote a wider range of vegetation, with more complex layers and greater diversity. The development of a succession from the initial bare surface to climatic climax community is an example of primary succession (prisere).
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Exam tip


Consider the synoptic links between local-scale ecosystems and coastal landscapes. You will have studied the action of wind in coastal environments and associated landforms of sand dunes (psammoseres), as well as the action of fluvial processes in estuarine environments and the associated landforms of salt marshes (haloseres).
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Subclimax communities


In cases where a prisere cannot develop into a climatic climax community because of arresting physical factors, such as the underlying geology producing poor soils, steep relief or poor drainage, the arrested community is called a subclimax community (Figure 10). If the arresting factor is removed, the vegetation can develop to the climatic climax community.
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Exam tip


If an exam question asks for an evaluation of the relative roles of physical and human factors in influencing succession, use variations over space and time as criteria. Ecosystems at greater distances from human influences are more likely to be affected by physical rather than human factors. Over time, human factors have assumed greater importance.
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Plagioclimax communities


Repeated disturbances due to human activity can deflect succession, preventing it from reaching its climatic climax community. Human factors including fire clearance, deforestation, grazing and agriculture that are maintained over time result in a plagioclimax ecosystem.


In cases where plant colonisation can restart in an uninterrupted way following an event (such as a flood, climate change, fire or deforestation) with a higher level of plant organisation, succession is referred to as secondary succession (Figure 10).


The Arctic tundra biome


Characteristics of the climate, plants, animals and soils


The high latitude of Arctic tundra environments results in very low temperatures, with average temperatures ranging between −5°C and −10°C, long and dark winters during which temperatures fall below −20°C and high winds. Tundra regions are dominated by high pressure and subsiding air, leading to low mean annual precipitation of less than 150 mm. During the short growing season daylight hours are long, but the Sun’s angle is so low that temperatures rarely rise above 10°C. Vegetation is dominated by mosses, lichens, grasses and dwarf shrubs. Herbivores such as caribou, musk ox and reindeer track seasonal plant growth, which insects also depend on. In summer the ground remains frozen apart from the top layers. Soils are thin, acidic and low in nutrients.
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Knowledge check 5


Why are insolation levels low at high latitudes, and why does the seasonal amount of insolation vary so much?
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Exam tip


Provide climatic data for a specific tundra location to exemplify its extreme climatic characteristics.
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Climate, plant, animal and soil relationships


The growing season is extremely short in the tundra due to the low temperatures and seasonal/low-intensity insolation. Dwarf willow and stunted birch trees, with their crowns distorted by the wind, grow adjacent to seasonal rivers, but only to a maximum height of 30 cm due the short growing season, low nutrient availability and wind exposure. Growing close together helps plants to resist the effects of low temperatures and reduces wind and snow damage.


Other adaptations include the ability of plants to grow under a layer of snow, to carry out photosynthesis in extremely cold temperatures, and for flowering plants to produce flowers and seeds quickly once summer begins (Figure 11). Large numbers of insects appear, coinciding with a few weeks of high productivity. The underlying permafrost acts as an impermeable layer, causing waterlogging and gleying. Most plants therefore have short roots to avoid the permafrost and small leaves to limit transpiration. Limited plant growth results in a small amount of litter, and the lack of soil biota results in the slow decomposition of organic matter to give a thin layer of peat. Soil formation and the decomposition of organic matter are inhibited by the low temperatures. Bedrock weathered by freeze–thaw action is raised to the surface by frost heave, preventing the formation of soil horizons.
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Knowledge check 6


What other adaptations do plants and animals have to enable them to live in tundra environments?
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Impacts of climate change


Predicted temperature increases are forecast to shift the limit of the tundra biome northwards at a rate of 15 miles per decade. The tundra is a ‘stressed’ biome due to its extreme climate and the short and sensitive nature of its food chain. Producers such as lichens occupy a very specific ecological niche, which is dependent on winter snow and ice. They will experience difficulties in adapting to the rate of warming. Caribou, musk ox and reindeer will need to alter their grazing ranges to keep pace with the shifting biome. Their numbers and ability to reproduce will be threatened by inadequate vegetation. In addition, higher temperatures will increase populations of biting insects, placing energy demands on these grazing mammals. Warmer winters will prevent lakes and rivers freezing, limiting movement between grazing grounds, and leading to overgrazing and the further decline of reindeer herds.


Incremental thawing of permafrost could reach a ‘tipping point’ of accelerated and irreversible change. Carbon- and methane-storing permafrost is now shrinking at an alarming rate as decomposition of organic matter becomes a source of heat itself, leading to a rise in soil temperatures, further decomposition and increased methane release. This positive feedback process is referred to as permafrost carbon feedback.
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