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1. Explain the ocean circulation currents and describe their impact(s) on global climate.         									          (50 marks)    

Ocean Circulation is the constant movement of water in the basin of the ocean on a large scale, this is the definition made by Topex/Poseidon (1998). This circulation is driven by many factors such as wind, changes in water density, tides, and rotation of the Earth. TED-Ed (2019) also states that the shape of ocean basin, and changes in water salinity also play a part. Ocean Circulation is crucial for the regulation of the climate as the ocean stores the heat and the currents transport heat, carbon, nutrients and freshwater all around the globe (Ocean and Climate Platform, 2020). Rintoul, S and CSIRO (2012) highlight that 90% of the extra heat energy that’s been stored by the Earth system over the last 50 years is in the ocean. This only further emphasises what a huge role ocean circulation has in the maintenance of climates and ecosystems all around the world. 
   There are two categories that the ocean currents can be put into. The first is surface currents which are responsible for the first 10% of the water in the ocean. The other category is deep ocean currents which account for the other 90% of the ocean water. Surface currents are driven by prevailing winds blowing across the surface of the ocean. The top water is pushed by the wind and as it moves, it drags the water beneath it, that water then drags the water underneath and so on. Water 400m down still is affected by the wind moving the surface of the ocean. This creates large circular surface currents called ‘Gyres’ which flow clockwise in the Northern Hemisphere and counterclockwise in the Southern Hemisphere. These loop like patterns in ocean basins are the result of the rotation of the Earth. This is called the ‘Coriolis Effect’ (TED-Ed, 2019). These gyres transport water from poles to equator and back, warming the water at the equator and cools the water near the poles. This change in temperatures effect the climate of nearby landmasses (Moore, M., 2015). This can be achieved as water holds onto heat better than air, therefore currents redistribute warmth (TED-Ed, 2019). 
   Deep ocean currents are mainly driven by changes in water density (TED-Ed, 2019). This density is in turn effected by the temperature and salinity if the seawater. Water that is colder and saltier than warm water is denser so will sink. This is the premise for thermohaline circulation, which is the largest ocean circulation pattern otherwise known as the ‘Global Ocean Conveyer Belt’. This is the process by which water, stated previously; is moved across the globe and redistributes the heat that influences the global climate (Moore, M., 2015). As you can imagine this global mechanism is incredibly large, and a drop of water only moves a few centimetres a second, meaning it would take one thousand years for it to make the full trip (TED-Ed, 2019). The movement of heat created by currents have an influence on local weather conditions, temperature extremes, delivery of nutrients to marine life, the stabilization of global climate patterns and cycling of gases (Cowan, A., 2013). As previously alluded to, the passage of heat and energy all over the globe affects the climate. For example, in coastal regions, upwelling currents allows nutrient rich, cold water to rise to the surface. This happens because wind blows the warmer water on the surface away so that the cold water underneath and rise. This bottom water is rich in nutrients as it’s the closest to decaying organisms which release its own nutrients onto the ocean floor. This water rises and feeds marine life in areas, maintaining the survival of many major marine ecosystems (Moore, M., 2015).
   Furthermore, it is commonly known that seawater is constantly evaporating to the fact that when water molecules are heated, they evaporate into the air. Due to this, the temperature and humidity of surrounding air increases which in turn causes rain and storms that get moved away by trade winds. This is the reason as to why the tropics are hot and rainy as trade winds blow this hot and moist air towards the equator. Ocean currents also help to counteract any uneven distribution of radiation from the sun that reaches the Earth surface. Without these currents, regional temperatures would be more extreme. Meaning it would be extremely hot at the equator and bitterly cold at the poles. This would cause massive issues as it would mean that a lot of Earth’s land would be inhabitable as the temperatures would be too extreme for life to be able to adapt fast enough (Ocean Exploration and Research, n/d). 
   However, interactions between oceanic circulation and climate are still poorly understood and observing the circulation of the ocean is a major challenge as it covers a huge spatial area and has a very long timescale. Recent studies have found that satellite altimetry observations have shown some very useful information, by looking at the sea surface height for example. Observers have been able to gather important research on surface velocity fields, and the spatiotemporal variation of circulation that have been driven by wind. This is all incredibly important information, but they seem to be only essential for the baseline understanding of the ocean circulation currents. Looking at the bigger picture, the results gathered only really show us a tiny snapshot of what the ocean is doing at one certain time and place. This leads to consequential gaps in the observation of the global ocean currents; hence a lesser understanding of how oceanic circulation and climate really interrelate (Delorme, B., Eddebbar, Y. n/d. P. 16).
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1. As the Holocene began there was a wave of megafaunal extinctions. Discuss the possible causes of these events.							         									          (50 marks)  
[bookmark: _GoBack]The Holocene according to Bagley, M (2013) is the current period of geological time that is characterised by humans being the dominant species, growing spatially and evolving their practises. Other characteristics are megafaunal extinctions and an Ice Age. The Holocene began 12,000 to 1,500 years ago which is marked as the end of the Palaeolithic Ice Age Period and has carried on until present. Malhi, Y., Doughty, C, et al (2016) define megafauna as large herbivores and carnivores. They can be split into 4 main categories, Megaherbivores (>100kg), Large Herbivores (45-99kg), Megacarnivores (>100kg) and Large Carnivores (21.5-99kg). The general idea of the megafaunal extinctions is that there have been anthropogenic and climate pressures on megafauna since the late Pleistocene which is >10,000 years BP. There were dramatic losses in megaherbivores and large carnivores. There are now 9 and 6 species left out of the 50 and 15 there once were (Mantecon, L. 2019). 
   It’s important to understand the Pleistocene Prelude, and that is was dominated by deglaciation as the Earth warmed after the previous Ice Age. This will have influenced the capability of the megafauna to cope as large organisms like that find it incredibly hard to adapt to changes the environment. Humans also began to spread to further continents and expand their practises, becoming more modernised, by that time is was becoming more than just the hunting and gathering lifestyle. By the end of the Pleistocene, there was a global population of 10 million. There are many arguments as to what caused the extinctions of megafauna, with scientists dividing themselves between 3 main theories, which I will be explaining next. 
   These is a large divide in the scientific community as to weather the extinction of megafauna was the result of climate change, anthropogenic causes, or disease. The most popular theory I personally think being the ‘overkill hypothesis’. This was derived by geoscientist and paleobiologist, Paul Martin in the 1960s (Broughton, Jack M., Weitzel, Elic M. (2018). This hypothesis proposes that due to the population of humans increasing, and the fact that human being as cache killers, large mammals frequently died out within a few centuries of colonisation because we over hunted them. There is much evidence supporting this theory. For example, the environment at the time was very arid, making it combustible therefore easy for humans to burn vast areas of habitat. This would have many consequences, death of animals, not just megafauna during the actual burning, and extreme habitat loss and resource shortage. Despite this, there are arguments against this theory too. Some state that in certain places, in the world, the human population was too low for the humans there to have been able to kill that many large animals. Todd Surovell, Archaeologist at the University of Wyoming in Laramie argues against the theory of climate change by stating that there is a strong correlation between the human population and megafaunal death, to quote Surovell: “Mammoths for example survived into the Holocene in oceanic islands not reached by humans. Unless climate change perfectly tracked human global colonisation, it can’t explain extinctions at different places and times” (Rust, N., 2016). 
   Now looking at the theory of the environment being the main cause for the megafaunal extinctions in the Holocene. Due to the timing of the beginning of the Holocene, the Earth was warming up. In fact, it was increasing by 6 degrees Celsius therefore as previously mentioned, it would have been hard for the large animals to adapt to the environmental pressures and changes. There is much evidence for the warming of the Earth, arguments state that in regions such as New Zealand and Australia, the climate at the time of extinctions was roughly the same as it is now and the species at the time were arid-adapted, therefore stating that the change is climate didn’t make as much of an impact as some might say. So, in terms of proper evidence that correlates with the rate of extinctions at the time, there isn’t much to go on. Another theory that has been proposed is the disease theory proposed by Ross MacPhee and Preston Marx. They believed that there was a “hyper disease” that infected native mammals from migrating humans, their pets and their livestock, as society was becoming more agriculturally based and less hunter gathering. It is said that the disease infected larger mammals as smaller bodied species have the advantage of being more resilient due to large populations and gestation periods. However, this theory has even less evidence than that of climate change (Rust, N. 2016). Overall, there is much conflict between researchers as to what directly caused the extinction of megafauna in the current Holocene period, nothing has been proved, so it could be none, or all of them that made an impact. 
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