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Abstract
	A food web is the transfer of energy between trophic levels in an ecosystem. This energy is continually being passed from one level to another with 10% of it being lost as heat each time until the energy is expended. In an ecosystem there are many webs occurring at a single moment and the functions of these webs depend upon who controls the flow of energy. Many environmental experts believe that the organisms at the bottom of the food web control the flow of energy; however, a recent study involving sharks found that the decline in large shark species populations has led to an unequal distribution in the trophic levels within the oceanic food web. This data suggests that oceanic ecosystems maybe controlled by organisms located at the top of the food web and that the decline of these apex predators could possible affect the whole oceanic food web. These two opposing findings may imply that the control of a food web depends on the composition of the ecosystem and that control of a food web maybe more complex than just a top-down or bottom-up control, but maybe a control from both extremes.  

Introduction
The oceanic ecosystem contains more than half of the Earth’s biomass. The communities of plants and animals that make up these environments produce a large portion of the Earth’s energy, food, and oxygen sources (Hurd and Polis 1996).  Within this ecosystem, the flow of energy between different trophic levels connects to create a multitude of big, elaborate webs. It is known that within these webs the energy flows from the primary producers located at the bottom of the web to the apex predators located at the top. Nevertheless, there is still debate about whether the flow of this energy is controlled by the producers at the bottom or by the predators at the top (Huber et al. 2006). 
Over the past century there has been a large increase in oceanic fishing. A main target for these fishermen are large shark species, also referred to as great sharks (Baum et al. 2007). This increase in fishing has led to the overharvesting of these sharks (Cartes et al. 2011). 
Great shark species and their niches in the food web are what drive the oceanic ecosystem (Heithaus et al. 2011).  Recent data that has been collected for several large shark species will help to understand shark species role in the food web and explain how shark declines have affected the structure of the food web along with resource output. 

Apex Predators and the Flow of a Food Web
Within each ecosystem, there are multiple, recurrent cycles of flowing energy. This energy starts at the bottom with a primary producer, then is constantly being transferred from one individual to another through consumption. This energy is passed on from each individual until it reaches the top of the web, where the apex predator is located (Figure 1, Pimm 1982). 
In each ecosystem, there are copious amounts of webs forming at any given moment, each with a different composition and although the way in which this energy flows is known, there is still dispute as to who controls the flow of this energy.  This debate is known as the top-down, bottom-up debate and many scientists have supported the idea of a bottom-up control on a broad spectrum (Bayliss-Brown et al. 2014). Most studies have found data that suggests the primary producers at the bottom control the function of the ecosystem on a board scale (Bayliss-Brown et al. 2014), but with the rise in climate change and population decline of biodiversity, this debate has become a very popular research topic. In a study conducted by Baum and Worm in 2009, data was found to suggest a top-down control of the food web in the oceanic ecosystem. 
[image: Figure 1: Generalized aquatic food web. Parasites, among the most diverse species in the food web, are not shown.]
                                         Fig 1. An example of an oceanic food web. The picture above shows 
                                         a possible example for an oceanic food web. There are several cycles 
                                         of energy happening at one time. All flows of energy start at the bottom
                                                         with the primary producers and are transferred from animal to animal.
                                                         The energy is passed along until it reaches the top, where large sharks 
                                                          are located. (Encyclopedia Britannica 2011)

Main Causes for Great Shark Declines
	Great sharks, which are sharks whose diets consist of mainly rays, skates and other small sharks, have drastically declined in number in the recent years (Baum et al. 2007). This decline is due to three major problems: food industry, human population growth, and trophy fisherman (Davidson et al. 2015, Strong and Polis 1996, Cooke et al. 2014). 


Rise in Industry
In many countries sharks are considered a delicacy and are used in many culinary dishes. One dish that is very popular in these cultures is shark fin soup (Alava et al. 2008). The main ingredient for this dish are the fins of the shark, which are obtained through commercial fishing where the shark’s fins are cut off (Figure 2, Alava et al. 2008) and then the shark is pushed over board back into the ocean. When this happens, the shark is unable to guide itself in the water and is unable to produce enough movement for their gills to fully function. This can cause the shark to be vulnerable to other apex predators or can cause them to drown due to lack of oxygen, which both result in fatality.

[image: http://www.tandfonline.com/na101/home/literatum/publisher/tandf/journals/content/nens19/2008/nens19.v005.i04/15693430802466325/production/images/medium/nens_a_346800_o_f0001g.jpg]
                                         Fig 2. Shark Finning. The image above shows the fins
                                  cut during finning. Not all fins are obtained each time. 
                                  The numbers rank the fins by demand. (Alava et al 2008)
Human Population Growth
	The rise in human population growth has led to a climate change problem due to extra carbon emissions that is affecting shark populations (Calderia and Wickett 2005). This extra carbon running off into the oceans, is changed in to carbonic acid which lowers the pH of the water causing it to become acidic. Many plants and animals, great sharks included, cannot tolerate these acidic pH levels which leads to declines in these oceanic species populations (Caldeira and Wickett 2005).

Trophy Fisherman
	Oceanic fishing has risen in popularity over the years, whether it be for sport or for hobby. These fisherman, try to catch big trophy fish, such as sharks, some of their main targets being mako sharks, hammerhead sharks, thresher sharks, and blue sharks. All these sharks are species whose populations have declined by over half their population size (Table 1, Britten el al 2010, Cooke et al 2014, Jennings and Kaiser 1998).	

Great Shark Declines and the Oceanic Food Web
[bookmark: _Hlk499629729]	Great shark populations have had large declines since the mid-1950s (Baum et al. 2007). Recent studies tracked several great shark populations to quantify the percentage of population loss. Population sizes for hammerhead sharks, white sharks, tiger Sharks, thresher sharks, blue sharks, and whitetip sharks were collected each year starting around 1968 and 1974, depending on species (Baum et al. 2003, Baum et al. 2005). These studies compiled data from previous studies and added new data to track shark populations back to the mid-1900s. These studies found that all sharks experienced large declines in population sizes (Baum et al. 2003, Table 1).  Mako sharks experienced a loss of less than half their population size, while all other species experienced losses of over half their population sizes. They found that hammerhead sharks had almost 90% population loss and white sharks and threshers had loss of around 80%. Further analysis of these findings displayed an alteration in trophic levels in the oceanic food web (Baum and Worm 2009), which implies the decrease in great shark species has led to an increase in prey species (Baum et al. 2007) because great shark dietary niches play a big role in trophic level population balance (Heithaus et al. 2011). This has led to an indirect depletion of other ocean species throughout the food web (Baum et al. 2007) and has caused an unequal balance in the trophic levels. This effect is predicted to eventually reach species located at the bottom of the food web (Baum et al. 2007).  The change in distribution has affected the function of the food web and displays top-down control in the oceanic food web (Baum and Worm 2009). 
Table 1. The percent decline of six shark species (Baum et al. 2003, Baum et al. 2005)
	Shark Species
	Percent Decline
	Percent Error Range

	Hammerhead Sharks
	89%
	86%-91%

	White Sharks
	79%
	59%-89%

	Tiger Sharks
	65%
	58%-72%

	Common and Bigeye Thresher Sharks
	80%
	76%-86%

	Blue Sharks
	60%
	58%-63%

	Whitetip Sharks
	70%
	62%-75%



Conclusions and Future Directions
Little changes in energy transfer create huge impacts on the function of the ecosystem. Some studies have observed a bottom-up control in food webs, while others have observed a top-down control in the food web (Huber et al. 2006, Baum and Worm 2009). Drastic decline in great shark species populations is important to functionality of the oceanic food web because the decline in apex predators in the oceanic food web has led to an alteration of prey populations throughout the whole marine food web (Baum et al.  2007). 
[bookmark: _GoBack]Opposing findings about which extreme controls the food web may mean that the flow of energy is not just controlled by the top or the bottom of the food web, but that they may be controlled by both extremes of the food web. Since there are numerous ecosystems with numerous food webs occurring at a given moment, there could be many possible answers. More research in not only great shark species populations, but all oceanic species populations will help to broaden our knowledge on the extent of the problem and may help us determine how these changes will affect the food, energy, and oxygen sources we get from the ocean. More studies will lead to better species population management and may help to reverse the imbalance in our oceans food web.
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