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1. In recent decades, the installation of large scale dams has become more common around the globe. What are the social and environmental impacts of these dams? Support your answer with case studies.         														          (50 marks)    
PLAN
· Explain large scale dams and their installation
· Examine social impacts- introduce case studies (Vajont, Koyna, Banqiao and Shimantan)
· Examine environmental impacts- continue examination of case studies
· Conclusion- do the benefits of large scale dams offset the social and environmental impacts?
[bookmark: _Hlk40703714]
Large Scale Dams
[bookmark: _Hlk40707518]A large scale dam can be defined as ‘one higher than 15 metres’ (International Rivers, nd), of which there are more than 57,000 worldwide. Of these, there are more than 300 that are over 150 metres or possess a significantly larger dam/reservoir volume. 
The majority of these dams were built for irrigation and almost all are for hydropower (National Geographic, nd), with an upswing in dam building being seen from the 1950s onwards. Though on a decline from the initial boom, dam building is continuing at a steady rate each year.

Social Impacts
The social impacts of large scale dams are as vast as the dams themselves, however it is difficult to get a full account of how far-reaching the impacts are due to the nature of the industry itself. However, the major impacts can be listed as: displacement, loss of farming and fisheries, increased stress on healthcare systems, reduction of safety and home security (Tilt, et al., 2009).
Displacement is the most obvious impact of a large scale dam; to create one, a large area needs to be flooded, often at the expense of small rural villages. Whilst on a smaller scale, evidence of this is known locally through the story of Capel Celyn and the Llyn Celyn Reservoir (Crocket, 2019). Whilst it can be argued that these small communities were often financially compensated for their displacement, this was not a long-term solution to their problem; from mostly farming or fishing communities, people were left jobless and often still homeless as a result of the dam’s installation; they also lost their local identity and tradition. In extreme cases, where the unsubstantial compensation was turned down, the displacement was enforced through violence, such as the development of the Chixoy dam that saw over 400 villagers massacred (Carasik & Russell, 2012). 
It can be argued that the cases of displacement being negative are small in comparison to the benefits produced by the production of the dam (though at an estimated 40-80 million people this is not going to be as small as described). It can also be reasoned that the long-term effects of displacement are hard to gauge as it is subjective to the individual and not necessarily a result that can be solely caused by the initial displacement. In addition to this, as the compensation offered and accepted across regions is so varied, with the exception of rare cases like Chixoy it is again difficult to categorically determine whether or not displacement is truly negative in the long-term (Galipeau, et al., 2013). 
The loss of farming and fisheries has a knock-on effect on individual household income as well as economic balance; with the reduction in production from both of these industries, food sources also decline and prices are driven up to restore financial stability (Tajziehchi, et al., 2013). 
Whilst the loss of fisheries and farming is evident, large scale dams have also been able to provide alternative man-made fisheries to offset this. Similarly, developments have been made to ensure migratory fish are able to safely continue travel (Miranda, 2001).
Based on the environmental impacts listed below, a knock-on effect of these is an increase in the need for a robust healthcare system. Increased chance of disease and a decrease in safety from the possibility of earthquakes and extreme floods means that the surrounding areas that are now already overpopulated with displaced villagers are now at risk of having to cope with the development of ‘natural’ disasters (Tajziehchi, et al., 2013). This would also affect the home security of those living near the dams; with dams able to withstand most floods, when it reaches the tipping point the results are catastrophic, such as the typhoon in 1975 that resulted in Banqiao Dam flooding and creating a 10 kilometre-wide wave that moved at 50kmph, killing approximately 26,000 people in the initial flood, another 145,000 as a result of epidemics and famine, and in total approximately 11 million residents were affected (Environmental Justice Atlas, 2018). 
However, it should be noted that research is still underway to confirm the extent of how dams are responsible for earthquakes; it is notable that some reservoirs, such as Tarbela Dam (Jacob, et al., 1979), have been linked to lowered seismic activity. Similarly, the spread of water-borne diseases appears to vary more by region than by the dam itself; research shows that it depends on ecological and environmental factors such as vegetation type, rainfall and temperature (World Health Organization, nd).

Environmental Impacts
Whilst easier to observe and note than social impacts, the environmental impacts of large scale dams are also quite extensive and far too numerous to examine in one paper. However, the major impacts can be defined as: loss and modification of habitat, disease, and induced seismicity.
Habitat change and loss is a major impact of large scale dams; by modifying the river flow, less water downstream will result in fewer organisms as the habitat is smaller. In addition, this change to river hydrology affects the sediment flow, which in turn increases erosion as the water now has no sediment to carry downstream. Similarly, submergence of the nearby land means loss of that habitat (albeit in exchange for another). Finally, there is an overall change and recorded loss of biodiversity as the water chemistry and temperature changes with the new body of water that has taken residence (McCartney, 2009). Further evidence of the impact of large scale dams has been shown through their removal; namely, the restoration of fish and associated nearshore communities and the stabilization of habitats once vegetations returns and matures (Shaffer, et al., 2018).
Whilst there is little argument against the evidence of habitat loss, it has been reasoned that rather than habitat loss it should be regarded as habitat change as a new habitat has formed with the reservoir (Biswas & Tortajada, 2010).
The increase of disease is a natural progression from a newly formed large body of water. With an increase in the presence of disease-carrying insects, such as mosquitoes, as well as the wider spread of water-borne diseases, the risk across many species will unnaturally spike. For example, studies show that inhabitants near the Diam dam in Senegal have seen a an increase in the epidemiology of malaria, urinary and intestinal schistosomiasis, diarrhoea and dysentery since its creation in 1986 (Sow, et al., 2002).
However, as stated above, the spread of disease via dams is still being debated; it appears to be subject to more environmental factors than just the presence of a large body of water and the alternative biodiversity that would bring (World Health Organization, nd), therefore whilst it may be a contributing factor, as these diseases were present prior to the dam being built it cannot be the sole cause.
There is a lot of evidence that links large scale dams to seismic activity. This is due to them being built in areas that are already seismically active; they are usually built in valleys that are a result of active erosion taking place (Seismology Research Centre, nd). The combination of being built in active seismic areas with increased stresses from the weight in the water can have a drastic effect in influencing earthquakes. For example, the Vajont Dam (one of the tallest in the world) experienced landslides during its construction. Despite reports about this, the dam was completed in September 1960 and 2 months later after continued filling, a major landslide caused a 7ft wave to descend on the town. Due to the lack of injuries, the dam continued until 1963, when a massive rockslide occurred, causing ‘wind and water to travel in all directions. An updraft of air, rocks, and water climbed the canyon walls to around 850 feet above the reservoir. Waves of water reached greater than 330 feet above the dam crest. Approximately 20,000 acre-feet of water went over the dam, creating a flood depth at the mouth of Vajont River of about 230 feet, one mile downstream’ (Association of State Dam Safety Officials, nd). Another example would be of Koyna Dam, which induced a shock of 6.3 magnitude, still thought to be the most powerful caused by a dam (Somasekhar, 2017).
However, this seismic activity is not well understood. Due to a lack of geological surveying prior to building dams, it is difficult to determine to what extent the dams are responsible for the earthquakes. Not only this, but with dams being built in areas that are already susceptible to earthquakes, it can be argued that dams are not the cause of this seismic activity as it was already present in that area (Narain & Gupta, 1968).

Conclusion
With the extensive evidence of both social and environmental impacts linked to the building of large scale dams, on paper it is surprising that large scale dams continue to be built. Whilst they are able to provide what is popularly regarded as green energy, the loss to existing habitat, the spread of disease, the increased risk of natural disasters and displacement and injustice experienced by local communities as well as the documented loss of thousands of lives far outweighs any benefit that could be found. 
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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)  

PLAN
· Outline megafauna and characteristics
· Introduce the possible causes for extinction: human development, environmental change
· Human Impact. Case Study: Africa
· Environmental Change. Case Study: Europe/Scotland
· Conclusion: human interaction vs environmental change

Megafauna
[bookmark: _Hlk40691549]Megafauna is the term used to describe animals that are above a certain weight threshold. It can be further divided into four categories: megaherbivores were the largest at >1000kg, large herbivores were 45-999kg, megacarnivores were >100kg, and large carnivores were 21.5-99kg (Mantecón, 2019). These creatures were predominant across the globe up until the late Pleistocene to early Holocene period, when mass extinction occurred; this is commonly referred to as the Quaternary extinction event (Sandom, et al., 2014). This extinction event has been studied at length to determine what caused it.

Extinction
Globally there was a rapid decline in the number of megafauna, with mass extinction occurring over a relatively short period of time. It is however notable that some areas experienced far fewer instances of mass extinction, such as Africa, where examples of modern megafauna are still present in elephants, giraffe, etc. 
The Quaternary extinction event took place around the late Pleistocene to early Holocene periods. Prior to this, megafauna was predominant around the world and had been for thousands of years. However, these periods saw drastic and rapid change in two key areas: the development of the human species, and climate change. It should be noted that climate change in this aspect is a broad term describing a range of influences, such as the development and change of vegetation, increasing temperatures, and a changing landscape. 

Human Impact
From approximately half a million years ago, the Homo genus (Homo sapiens, Homo neanderthalensis, Homo erectus) started to spread from Africa to Asia and Europe. It wouldn’t be until around 40,000 years ago that they’d be able to sail to Australia. Ice sheets across North America initially blocked recordable migration to the Americas around 12,000 years ago. Finally, approximately 2,000 years ago there was migration to areas such as the Pacific Islands, Madagascar and Arctic.
Migration would have occurred as a result of a slowly increasing population. During the Pleistocene Prelude around 10,000 BP, the planet was undergoing a deglaciation event, and humans relied on hunter-fisher-gatherer economies to survive. Vegetation is limited at this point as it’s still early into the deglaciation, so hunting and fishing takes priority. This in turn means that larger territories are needed to supply enough resources, and groups are smaller to enable ease of movement as well as fewer mouths to feed (Wroe, et al., 2008).
The spread of developing humans during this period coincides with the decline of megafauna enough for there to be reasonable argument that they were a contributing factor to the eventual extinction. It is common knowledge that humans, even during their early development, are a highly adaptable generalist species (Yacobaccio, 2013) and their rapidly changing behaviours would naturally change the impact they have on their environment.
Successful and adaptive hunters, during human migration there will have been exposure to megafauna that previously had no human interaction. It has been argued that the efficiency of their hunting techniques combined with little to no experience of managing this kind of threat by certain megafauna will have drastically lowered their numbers. This is further supported by the continued existence of a larger variety of marine and oceanic megafauna into present day (J.Braje & M.Erlandson, 2013). 
However the main issue when studying human impacts on megafaunal extinction is the human predisposition to assume that the species has always been ‘above and beyond’ the confines of nature; it is a common misconception that humans are an elite species that are solely capable of manipulating the natural environment and exist outside of it. The reality is that humans during this period would have experienced far greater difficulty in bringing down prey like megafauna than the ‘global overkill’ model that has been suggested (Wroe, et al., 2008). Animals of this size would have required considerable effort to subdue, the risk of injury and fatality would have been extremely high when compared to hunting smaller prey available at the time, and so it would seem that humans hunting megafauna would have required far larger migratory groups than evidence suggests existed in order to counteract these risks to make it worthwhile. 
Another theory is that humans indirectly impacted megafauna by their development of agriculture. Granted this would not have been the case until the early to mid-Holocene, but the advancement of agricultural processes once migration had slowed will have changed the available vegetation and physical landscape and caused a deficit to certain species (Freeman, et al., 2018). 
However, the size of the human groups at this point, whilst increasing, were still not at a size where their alteration and domestication of plants would have had a large enough effect to explain the mass extinction of megafauna. In addition to this, not all megafauna will have had the same diet and habitat requirements to account for the global loss. 
Another point against human impact as the main cause behind megafaunal extinction can be traced back to the origin of the human species- Africa. Megafaunal extinction in Africa occurred at the slowest rate and up to present day still possesses most of the world’s extant megafauna. Originating from Africa, there is a long history of coexistence with megafauna up until human migration (as well as during and through to humans becoming sedentary) which suggests that the human overkill theory is questionable at the very least (Brook & Bowman, 2002). This also suggests that human migration was not a result of requiring more megafauna as a food source, as their coexistence as well as the continuation of megafauna in Africa is evidence that humans did not rely on megafauna as much as is believed to the case.

Environmental Change
During the late Pleistocene to early Holocene period the physical landscape of the planet was drastically changing. In short, the world was now warming after deglaciation- though it should be noted that this was not universally the case and was intermittently occurring at different times. For example, during the Stadial phase of the Quaternary period, Scotland had fully iced over again (Golledge, 2009). However, overall, the planet was warming. 
Radiocarbon data has shown that these climatic changes drastically affected megafauna in a wide variety of ways (M.Lister & J.Stuart, 2008), notably with the movement and development of vegetation belts, changing landscapes and increasing temperatures. 
Vegetation at this time was chaotic, particularly across Europe; trees and plants were growing a dying in large numbers as ecosystems were still developing, so there was no stability for specialist species to survive. With woodland expansion, herbivorous megafauna would have experienced significant habitat loss; their size would have made it incredibly difficult to navigate this new environment. With this habitat loss, as we have seen with habitat loss with extant megafauna, numbers would dwindle rapidly.
Whilst it can be argued that this is not applicable to all megafauna and would have been more suitable for megacarnivores, with the loss of megaherbivores these huge predators would have struggled to source prey large enough to sustain them. More research into the timeline of species decline would be beneficial to confirm this theory.
Temperatures increasing would have made it particularly difficult for larger animals to cope; large animals are less able to adapt to environmental pressures, and large swathes of megafauna were still woolly as a result of little evolutionary change up to the deglaciation event during the Pleistocene (Lister, 2016). 
However, this is not the case for all megafauna; with a global spread of megafauna, coats and feathers will have developed to suit that particular environment, but they will not have been universally all adapted to the cold. It can be argued that warming temperatures would have reduced the numbers to some degree but would have also enabled further migration of those not tolerant to the cold. 
With the natural environment changing so rapidly, it is therefore logical that the development of diseases would occur. With suitable conditions now expanding, disease could spread more easily and affect species that previously would never have come across any strains. With no immunity, many species will have been decimated by new disease (Doughty, et al., 2020). 
Yet despite new research into this theory, currently there is no confirmed universal disease that accounts for causing the extinction of megafauna without also seriously impacting all other fauna. 

Conclusion
From examining the leading arguments and research into the causes of megafaunal extinction in the Holocene, it is clear that whilst all are significant contributing factors, environmental change was the leading force. Whilst human impact will have played a significant part, especially when migrating to new areas and hunting megafauna that weren’t adaptable to a new threat, the numbers would just be too low to be the primary cause of extinction. Similarly, human migration is thought to have occurred as a direct result of environmental change itself, and so would fall under the same category as any of the other migrating predators at the time. In contrast, environmental changes are so numerous, extreme, and varied that it leaves little opportunity for megafauna to survive.
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