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1. Explain how biodiversity loss can negatively impact ecosystem services.											(50 marks)



Biodiversity is defined by the Food and Agriculture Organisation of the United Nations (n/d), as “the variety and variability of animals, plants and micro- organisms at the genetic, species and ecosystem levels”. Simply then, ecosystem services are goods and services provided by the environment and used by humans as resources. There are 3 ways in which ecosystems influence us. They are through ‘Indirect services’, ‘Direct services’ and ‘Aesthetic/ Ethical effect’. (Conservation Strategy Fund, 2015). Direct services are those that are a production of provisions, like food and water, or in fact the regulation of features like floods or soil and land degradation and salinization. Indirect services are the result of ecosystem processes that produce the direct services, for example organic material produced by photosynthesis. Aesthetic and ethical effects are harder to put a price on, but ecosystems also provide non-material benefits for aesthetic pleasure and recreational services, as well as ‘cultural services’ that provide sustenance for spiritual practices and cultures (Payment for Environmental Services, 2006). From all of these services we are given food, shelter, clothing, transportation, medical supplies and energy for individual ecosystems. However, it is estimated that we will lose about 20% of species richness by the middle of this century (California Academy of Sciences, 2014). This proves that it is obvious that losses in the biodiversity of ecosystems would change the way in which we gain our resources from the environment in the future. Therefore, I will be looking at the relationship between biodiversity loss and ecological services in this essay. 
    There are many important ways in which we use ecosystems services in society today. The most known industry is agriculture, however. Biodiversity is so important in sustaining many key functions in ecosystems; therefore, it must be managed so that the ecosystem functions are managed and enhanced for further use and optimisation of agricultural production. Ecosystem services in fact are extremely useful for the agricultural industry as it is supporting, provisioning, regulating and cultural (Food and Agriculture Organisation of the United Nations, n/d). Furthermore, diverse food comes from diverse ecosystems. For example, crop genetic diversity is a key aspect to crop farming. Breeding Wild Peruvian tomatoes with traditional tomatoes doubles the yield by almost 50%. Highlighting that without having a wide biodiversity, we wouldn’t have any genetic diversity (California Academy of Science, 2014). This would make food production particularly difficult, especially with the high demand society has today for such resources. 
    With that said, it is now obvious that biodiversity loss is rather detrimental to are ability to utilise resources supplied to us by ecosystem services. It is widely argued that major biodiversity loss is due to anthropogenic drivers and is enhanced by climate change. Said anthropogenic drivers of environmental change are causing ecosystems to become threatened and many are already declining. Populations of many wild species are declining, on average, a staggering rate of 0.5% to 1% per year (Zari, M.P. 2014, p.2). Biodiversity produces resources genetically for all crops, livestock and marine species that are harvested for food. These ecosystem services also have many organisms that are important to human material and cultural life, and biodiversity impacts ecosystem services that are available to human beings. For example, seed dispersal and pollination of plants, the regulation of the climate for humans, animals and plants, the control of pests and diseases within the agricultural sector and the regulation of human health. So far, we can establish that ecosystem services are crucial in making life both possible to live or even worth living (Diaz, S., Fargione J., Chapin FS III., Tilman D. 2006). 
    With all this information, links between biodiversity and ecosystems are being increasingly researched within the last few years which is brilliant for the future of resource management. What we do know is that the nutritional availability between foods has allowed the demand for such services, not just food but many others- to be extremely high. Especially as the population increases. Healthy local diets, which are becoming more on trend, warrants the maintenance of high biodiversity levels. This is where intensive agriculture is introduced, which raise ethical arguments within itself, but also result in decrease in human health, habitat simplification, species loss and succession. Therefore, both affecting the health of our precious ecosystems and us as consumers (World Health Organisation, n/d). 
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1. Symbiotic associations between species are some of the most complex in the animal kingdom. Using examples, describe these relationships and their impacts on the participating species.																		(50 marks)


Symbiosis is a close and long-term relationship between two or more species in an environment (Brightstorm, 2010). There are three main kinds of symbiotic relationships, with many subgroups (National Geographic, 2019). These relationships effect the participating species in different ways. The three main kinds are mutualism, which is a situation where both species benefit, Commensalism, which is where one benefits, and there’s no harm to the other species in the relationship. The third is parasitism, which is when one organism benefits at the cost of the other (Brenner, L. 2018). I will explain each one in detail in this essay, and branch out into two other subgroups, competition and predation. 
    Firstly, the most known relationship, mutualism. It is defined as two interacting species that benefit by mutually increasing both species chances of survival and reproduction (Wolfe, E. 2016). An example of this relationship is Oxpecker Birds and Rhinoceros. Oxpecker Birds (Buphagus erythrorhynchus), otherwise known as tickbirds, ride on the backs of Rhinoceros’s and other large African animals. They feed on external parasites like botfly larvae and ticks. However, there has been research carried out by the University of Zurich that shows that red-billed Oxbirds potential parasitic behaviour on Black Rhinos. They explain that as they use their beaks to peck the food off their back, they can create open wounds that could get infected. They can also mistake an open wound for food and damage past wounds. Therefore, this turns into parasitic behaviour or a parasitic relationship as the Oxbirds are harming the Rhinos, who were observed by researchers to be shaking their bodies and tails, attempting to remove the birds (Silbajoris, A. 2018).
    The second relationship I will be expanding on is commensalism. It is defined as a species interaction where one species benefit, but the other is neither harmed nor helped (Wolfe, E. 2016). A common example of this could be fish using coral reefs in order to protect themselves from predators. This action doesn’t harm the coral reefs; therefore, it is commensalism. However, I am going to be writing about the Remora, part of the Echeeidae family, or commonly known to be a ‘suckerfish’. They attach themselves to the skin of marine animals that are considerably larger than them such as sharks or manta rays. These Remora use a ‘suction cup- like’ organ that allow them to travel with the host without damaging tissue. The fish then collect food particles that are distributed by the larger host. So, because the Remora is benefitting by getting food, and the larger animals don’t seem to get harmed. It is commensalism relationship. Again, thoughts are changing between researchers much like the Oxbirds with the Rhinos. Some think that because of the extra drag on the host while swimming through the water it could cause harm to the host. That would then make it a parasitic relationship. Despite this, it is known that Remora are adapted to be extremely streamlined in order to minimise any drag it might cause (RICE- Coral Reefs Blog, 2017). 
[bookmark: _GoBack]    The third main type of symbiotic relationship is parasitism. This is an interaction in which one organism (the parasite) lives on or in another organism. Parasites tend to harm the host, however some only have small effects (Wolfe, E. 2016). Parasites can be characterised as ‘ectoparasites’ or ‘endoparasites’. Ectoparasites live on the surface of the body but they singlehandedly don’t tend to cause the disease themselves. Endoparasites are either intercellular (inhabiting spaces in the body) or intracellular (inhabiting the body cells of the host). Intracellular parasites, for example bacteria or viruses rely on a 3rd organism which is called the vector, to transmit them to the host. One of the most known examples of this is Malaria. It is caused when a protozoan of the genus Plasmodium is transmitted to humans when they get bitten by an anopheline mosquito (Encyclopaedia Britannica, 2019). 
    Lastly, as previously mentioned, I am going to delve into two subtopics of symbiotic relationships. The first will be competition. This is the struggle of individuals to obtain a shared limited resource. The principle of this is that two separate species can’t share the same resource when they are in the same conditions. So naturally, the one with the competitive disadvantage will be excluded. However, there is a way that they overcome this. Resource partitioning is the sharing of the same resource if the two species have different behaviours when using the resource (Wolfe, E. 2016). The obvious example for this relationship is Coyotes (Canis latrans) and Wolves (Canis lupis) ability to coexist as they hunt the same prey, but at different times of day as to avoid each other (Merkle, A, J. et al, 2009). The other relationship I am looking at in this essay is predation. Wolfe, E (2016) defines it as an interaction in which one animal typically kills and consumes another animal. For example, lions eating gazelles or cows eating grass. This could be interpreted as a subtopic of parasitism, as one organism is being harmed in the process. I personally think that predation is the most commonly known relationship between species.
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