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0.0
Pre-Face

Diving into the crystal clear waters of the Barrier Reef, seeing the rays of sunlight beaming through the waves and playfully dancing to the motion of the ocean; this is what you expect to experience when you imagine life under the sea in Far North Queensland (FNQ). Having been diving for years, casually expecting to shortly float above the array of bright and unique colours of the reef, glistening in the sunlight becomes second nature, a second home to most.  However, returning home after being abroad for the past 10 years, this time you have been robbed. The magic of the reef, stolen from beneath your snorkelling mask, and instead, there’s a bland and murky coral graveyard, stretching for as far as clear visibility allows, haunting you, as the stillness which lurks within these waters raises the hairs on the back of your neck. Only fish which dare to swim across the barren waste land in search for the little food and remains can be seen. Who, how, what has caused such destruction?

1.0
Introduction

Climate change has been recognised as the biggest long-term threat to the Great Barrier Reef, effects of which have already begun impacting the uniquely diverse ecosystem (Great Barrier Reef Marine Park Authority, 2007). Climate Change is the changes in the earth’s weather patterns due to an increase in average temperatures, which is caused by increases in greenhouse gases in the atmosphere (Department of Climate Change and Energy Efficiency, 2007).  Greenhouse gases produced by human activity which cause the climate to change are; the burning of fossil fuels; coal, oil or gas, using energy generated by burning fossil fuels, farming; raising cattle and sheep and fertilisers in agricultural crops, clear felling, the breakdown of food and plant wastes and sewerage and industrial processes; making cement and aluminium (Department of Climate Change and Energy Efficiency, 2007). This essay will discuss Coral Reefs, the Great Barrier Reef, the effects of Climate Change on the Great Barrier Reef, the importance of healthy ecosystems and management recommendations and strategies to be/have been implemented.

2.0
Coral Reefs

Coral reefs contain the most diverse ecosystems on earth, in that, they provide habitats, nutrients, nitrogen and shelter for many marine organisms. They also protect and prevent damage along coastlines, from the effects of wave actions, tropical storms and infamous cyclones. Coral reefs assist in carbon and nitrogen fixing, nutrient recycling, as well as an important economical feature, for tourism and fishing industries which are depend on the fish that spawn there, and the juvenile fish which eventually make their way out to open sea from the reef. They are also environmental indicators as they record recent major storms and human impacts, measured by changes in coral growth patterns (Biodiversity and the Great Barrier Reef, 2009). A particular coral reef which is currently vulnerable in the face of climate change is the Great Barrier Reef located on the East Coast of Australia.
3.0
The Great Barrier Reef
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As the only living thing on earth visible from space, the Great Barrier Reef (GBR) is one of the seven wonders of the natural world and heritage listed. It is the world’s largest coral reef and contains a diverse abundance of marine organisms; more than 400 different corals, sponges, rays, dolphins, sharks, 1500 species of tropical fish, 20 types of reptiles including sea turtles and giant clams, 200 kinds of birds and with over 3000 individual reef systems, coral cays and tropical islands (The Great Barrier Reef, n.d.). 
Figure 1: The Great Barrier Reef (Samy, 2009)
The biodiversity of the reef is extremely rich, providing breeding habitats for humpback whales migrating from the Antarctic waters, and is the home to the endangered Dugongs and Green sea turtles. The GBR generates over 1.5 billion dollars annually for the Australian economy, from fishing and tourism. Human interactions therefore, result in a decline in the health of ecosystems.
4.0
Effects of Climate Change on the Great Barrier Reef

The changing of the climate will impact on the Great Barrier Reef through:
4.1     Increased water temperatures
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Coral Bleaching is caused by warmer temperatures in the ocean which triggers coral polyps to expel zooxanthellae, microscopic algae which live in a symbiotic relationship with the coral. The zooxanthellae contain photosynthetic pigments, which provide corals with their colours; consequently, the coral appears transparent, revealing its white skeleton. As the corals bleach, they begin to starve and die, see Figure 2. 
Figure 2: Process of coral bleaching (Great Barrier Reef Marine Park Authority, 2009)
4.2     Increased severity of storms and cyclones
As the climate changes, weather patterns become askew and as a result, storms and cyclones become more severe. Due to coral bleaching, corals become more fragile, and suffer an increased vulnerability to damage from storms and cyclones, which can then lead to the abrasion and erosion of the reef.
4.3     Ocean acidification
The oceans acidity levels are increasing as carbon dioxide is continuously being released into the atmosphere; the ocean absorbs a quarter of what is being released, producing carbonic acids and decreasing the carbonate levels in the water. This then decreases the ability for corals to form calcium carbonate skeletons as a result of low carbonate levels in the water, see Figure 3.
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Figure 3: The comparison of high and reduced carbon emissions in the ocean (The Great Barrier Reef Foundation, 2009)
4.4     Changed rainfall and runoff
As a result of increased rainfall, surface soils from the land and fertilizers are washed into the ocean and various water catchment systems, increasing the nitrogen levels in the water, which also lead to coral bleaching. 

Flow on effects of these factors of coral damage within reef ecosystems harm populations of coral dependant fish, which then results in a decline of predatory fish. As tourism and fishing industries rely also on health of the reef, it is important to reduce human impact as much as possible.

5.0
Importance of Healthy Ecosystems
Healthy ecosystems are important within a habitat to maintain species interaction and to sustain ecosystem equilibrium which leads to a higher biological diversity of organisms. It is also vital to humans to preserve the biodiversity of an environment, as a healthy ecosystem provides and allows for ecosystem services such as water resources, soil formations, nutrient storage and cycling. As well as pollution breakdown and absorption, it also contributes to climate stability, the maintenance of ecosystems and the ability to recover from unpredictable events (Department of the Environment, Sports and Territories, 1993). The real value of biodiversity is immeasurable and is currently a commonly debated issue. Although some species will adapt and evolve over time to cope with the new circumstances arising from climate change, measures must be taken to conserve and protect the Great Barrier Reef.

6.0
Management Strategies and Recommendations
To be able to minimize the impact of climate change on the Great Barrier Reef, management strategies can be categorised into three stages:

6.1     Domestic

Strategies which fall under the domestic category are education, pollution and water restrictions. Educating people in a particular city or community, on the effects that climate change has upon the Great Barrier Reef, and ways which reduce human impact can be affective through schooling and local newsletters. To reduce pollution in the environment, individuals must look out for their own rubbish and waste, making sure that what can be recycled is separated from regular trash. Councils can aim to reduce waste water entering river catchments, which then make their way to the ocean and pollute the ecosystems. As well as managing waste water, water use restrictions should also be reinforced to conserve as much water as possible, especially in droughts.
6.2     Regional
Regional management strategies can be exercised within the state, under government regulations. Agricultural practices, urban development, tourism and fishing industries must be managed as sustainably as possible, to send the right messages to consumers, to choose environmentally friendly products. For example, a solution to reduce the impact of agricultural practices on the Great Barrier Reef is to reduce soil run off, is nitrogen-fixation, which takes place in specialized plant organs called nodules. This process can replace fertilization, as seen in crop rotation, when soy bean crops are grown in between harvesting cycles, nutrients are returned to the soil to balance fertility demands of production. 
6.3     National
Nationally, management strategies must consider the interests of the environment by reducing carbon emissions, coal and mining processes, thus adapting industrial and community values and attitudes towards becoming a more ‘green’ society. By conducting conferences such as the Copenhagen Climate Summit, countries are able to calculate goals to reduce carbon emissions, and work towards a more sustainable future.

7.0
Conclusion 
The negative effects of climate change on the health of the Great Barrier Reef, Australia have been increasing, threatening the biodiversity and ecosystem interactions within the coral reef environments. Increased water temperatures and severity of storms and cyclones, ocean acidification and changes in rainfall and run off are major factors which harm the reef in various ways. Therefore it is important to input and practice management strategies within a domestic, regional and national community, government and company towards a sustainable future, in conserving the Great Barrier Reef.
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