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Abstract
Climate change refers to the regional or global changes in the climate patterns. It is primarily caused by the increased levels of carbon dioxide in the atmosphere. The various types of eutrophication problems are as a result of the phosphorous loading in the lake systems. However, the future climatic changes may alter the phosphorous loading since the climatic models forecast changes in the future meteorological conditions. The lake system has undergone major environmentally-driven and human-induced variations in the nutrients that are available. The nutrients are critical as they are used in the research of agricultural practice, changes in the usage of land, and water treatment, and production.  The purpose of this research paper is thus to highlight the effect of climate change on phosphorus dynamics in the lake system. 
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Introduction
	Phosphorus is an extremely important essential element of life. As stated by Downing, “every living thing uses phosphorus in the form of adenosine triphosphate (ATP)”.  From living things to biological systems, phosphorus plays a vital role in some fashion. Phosphorus can be found in nature in the soil, water, and sediments, but is most commonly tied up in rock formations. In lake systems, the most common and noteworthy form of phosphorus is orthophosphate. Orthophosphate is also known as PO43- and is the soluble inorganic segment of phosphorus.  The phosphorus cycle displays this movement of phosphorus through the lithosphere, biosphere, and hydrosphere.
The exchange of phosphorus from terrestrial states to amphibian biological systems is a key course through which atmosphere can impact amphibian environments. Various climatic variables communicate in complex approaches to control the exchange of phosphorus and regulate its biological consequences for downstream lakes and stores. Procedures impacting both the sum and timing of phosphorus trade from terrestrial watersheds must be evaluated before researchers can survey the immediate and roundabout impacts of the climate on the supply and reusing of phosphorus. Reenactment of the fare of phosphorus from the terrestial condition is entangled by the way that it is hard to portray regular and between yearly varieties by an existing procedure based and experimental models ( Malmaeus, Blenckner, & Markensten, 2006). 
These varieties are additionally unequivocally impacted by the historical backdrop of the climate and by the recurrence of extraordinary climate occasions. For instance, the impacts of tempest overflow on the fare of phosphorus can be exceptionally touchy to dimensions of soil immersion and soil dampness, which are thusly affected by the previous history of precipitation and evapotranspiration. Incorporation of impacts, for example, there are incomprehensible utilizing straightforward exact models and troublesome utilizing process-based models when show parameterization changes in light of forerunner conditions (Pierson, et al., 2010) 
 Phosphorus’ role in aquatic systems such as lakes is a cultivating matter, especially in the light of climate change. No other element in fresh waters has been studied as intensively as phosphorus. (Wetzel).  One reason that it is studied with such a great magnitude is that, in comparison to the natural supply of other elements such as hydrogen, nitrogen, carbon, sulfur, and oxygen, its quantities are limited. In fact, phosphorus is frequently “the first element to limit biological productivity” (Wetzel.) Any small fluctuation can change dynamics greatly.  Phosphorus also runs “as the key element in governing production at primary level[s] in most of the water bodies…” (Kuldeep et al.).  This applies to why phosphorus dynamics in lakes is significant and what effect climatic changes can have on the dynamics of a lake and its biota. Changes in phosphorus dynamics in lakes are concerning as past and current research reveal the harmful consequences such as eutrophication and algal blooms that can stem from these instabilities.
Background
	Erosion is one of the biggest contributors to phosphorus levels in lakes and is known to sediment abundantly at the bottom of lakes. In addition, phosphorus can act as an indicator of activity in lakes. When rainfall amounts increase in response to climate change, erosion levels in turn increase which ultimately tampers with phosphorus levels in lakes. Increased levels of phosphorus have been studied to be the causative agent of lake eutrophication. Eutrophication in lakes occurs when there is an excess amount of nutrients and plant life. This excess then leads to deficient amounts of oxygen which ultimately causes animals in the lake system to die. In 2011 Lake Erie experienced a “record-breaking algal bloom… primarily due to eutrophication caused by… extreme precipitation events” (Wang et al). 
The continued rate of climate change holds an extraordinary potential to adjust Lake Erie's community of fish, through its impacts on in-lake physicochemical (territory) conditions. To date, in any case, a general gratefulness for how Lake Erie's fisheries are relied upon to react to proceeded with environmental change is lacking, especially concerning procedures that impact the conveyance of appropriations (i.e., supplements, silt) from the watershed. In this, there are four essential routes by which environmental change may interface with the conveyance of supplements and dregs from the watershed to impact the fish network of Lake Erie. In particular, there is an expectation of atmosphere driven water warming and expanded precipitation amid winter and spring to advance the improvement of base hypoxic ("dead") zones, diminish water lucidity, fuel destructive algal sprouts, and modify invertebrate prey arrays at the base of the sustenance web. Every one of these progressions is relied upon to negatively affect Lake Erie angles that are prejudiced of eutrophic conditions (e.g., low water lucidity and broke down oxygen levels) when considered autonomously (Saad, Christiansen, Robertson, & Lorenz, 2016). Be that as it may, these systems have not been completely investigated in the Lake Erie environment, and comprehension of their potential intuitive impacts with each and extra anthropogenic stressors is inadequate. Henceforth, more research is unmistakably expected to completely welcome the potential for environmental change to adjust the elements of the fish networks of Lake Erie.
The earth surface temperatures have expanded by about 0.74°C in the course of the last 100 years with most of the expansion (0.55°C) happening over the past 30 years. There may be anticipation on that stamped changes will happen in the worldwide amid this century. Progressively, dependable territorial atmosphere predictions are accessible for some districts of the world, however, fewer projections are accessible for some creating nations than for the created world. The warming, by and large, expands the spatial fluctuation of precipitation with diminished precipitation in the subtropics and increments at higher scopes and in parts of the tropics. 
The changes in temperature and precipitation lead to changes in agrarian arrive utilize and the executives, incorporating changes in soil development what's more, in the rates and timing of preparation These changes have falling effects on the P cycling, specifically and in a roundabout way, that affect the sea-going condition. The coordinate effects are identified with the expanded temperatures, expanded precipitation force, and changes in winter precipitation that are relied upon to upgrade the P stacking to freshwaters in the mild zone and the Arctic and to decrease the stacking, be that as it may, not the focuses, in streams and freshwater lakes in the Mediterranean district. Be that as it may, a couple of quantitative examinations are accessible. The backhanded effects are identified with changes in the selection of yields, edit pivots, utilization of catch crops, and farming works on, including culturing and treatment. In northern mild zones, new warmth requesting, warm-season crops (e.g., maize and sunflower) will supplant a considerable lot of the present grain grains and oilseed crops. In the meantime, changes happen in planting and reaping times) and in treatment rates and systems. Product pivot must be adjusted to changes in product decisions, in yield developing, and in the need to control weeds, nuisances, and maladies. This will affect the measure of P discharged to freshwaters and its occasional case in point (Vincent, 2017).




Current Research
Current research methods have found that the amount of phosphorous that is transported to the lake system is typical as a result of various factors namely leaching from the soil, atmospheric deposition, source emissions, and various biochemical processes. All these factors except source emissions are strongly influenced by climatic conditions like precipitation and weather. The hydrological studies have revealed that the climatic changes will alter the water balance because of minerals like phosphorous.  The compelling factor behind why supplements assume such a conclusive job, for the natural condition of lakes, is the way that the essential generation of lakes is unequivocally constrained by supplement accessibility. Expanded supplement input in this way prompts upgraded lake profitability, with falling consequences for the staying trophic dimensions, what's more, the communications between these
Consequently, many lakes, within the twentieth century, the contribution of phosphorus and nitrogen from urban networks and farming set off a move from a Clearwater state with submerged macrophytes as the most noteworthy essential maker to a turbid state now with phytoplankton as the overwhelming essential maker. At the same time, checked adjustments happened in fish and zooplankton structure, which again influenced the brushing control on phytoplankton. Especially phosphorus is essential among the numerous supplements that separated from carbon contribute to plant essential creation and, in this way shape the reason for alternate parts of the natural way of life. This is on the grounds that phosphorus regularly works as the constraining supplement and subsequently decides phytoplankton bounty. Subsequently, the accessibility of phosphorus is regularly considered similar to the absolute generally vital factor for the in general ecological condition of lakes. The significance of phosphorus can be outlined by the stamped changes happening along a phosphorus angle for some of the most focal gatherings of life forms. Another noteworthy supplement, nitrogen, regularly happens in focuses a lot higher than those of phosphorus and in spite of that the interest by essential makers for nitrogen is higher than for phosphorus there will regularly be a nitrogen surplus (Søndergaard, 2007).
To evaluate the possible effect of climate change on the phosphorous load in the lake system, the use of numerical methods is recommended. Data from the present and future climates are used in this case. Simulated changes in the phosphorous load show a huge variation which often leads to different conclusions on the catchments. The differences in conclusions are as a result of the regional and site-specific changes in the weather patterns. This means that the effect of climate change on the phosphorous load is not uniform as it differs from one lake system to another. For the purpose of this study, we look at the effect of climate change on the phosphorous load on two Swedish rivers. We explore the Motala Strom River and the Rönneå River that are situated in different regions of Sweden. The selection of two regions has been carefully considering since one region is wet while the other one is dry. The two areas also differ in the distribution of elements like phosphorous and have different soil types (Søndergaard, 2007). 
Eutrophication is one of the leading causes of the impairment of the freshwater lake system in the world. It not only affects the freshwater system but also the marine ecosystem. Eutrophication is thus a global problem which should be immediately tackled as it possesses a danger to the aquatic life. It is often categorized by excessive algal and plant growth due to the availability of at least one limiting factor that is needed for photosynthesis. Eutrophication is designed to occur naturally as the age of the lake. Various human activities have, however; sped the eutrophication process to the point that the non-point loading if limiting nutrients like phosphorous has been enhanced in the aquatic systems. Pond managers, for instance, add fertilizers to their ponds to enhance their productivity but in so doing increase the biomass and density of the economically and recreationally essential fish. 
Eutrophication is an inescapable and developing issue in marine and freshwater environments around the world It is caused by hoisted levels of supplements (especially phosphorus), regularly attributable to spillover sources related with farming, cows or urbanization. Endeavours to turn around or improve the impacts of eutrophication are prevented by interior cycling of phosphorus inside lakes, the development of phosphorus in upland soils and nonpoint wellsprings of supplement overflow. This is especially valid in the lake frameworks in which Ribeiroia and contortions much of the time happen, huge numbers of which are built to help dairy cattle or water system (Johnson & Chase, 2004).
Future Research
Most researches propose that the ascent in land and water proficient deformities may have come about through complex changes inside wetland sustenance networks. In particular, as anthropogenic elements (e.g. farming manures, steers touching) lead to expanded supplement stacking in freshwater biological systems (especially lakes). The subsequent increasing speed of eutrophication moves the network synthesis of sea-going snails from little species to bigger planorbid species that fill in as moderate hosts for Ribeiroia.Eutrophication has led to the creation of foul-smelling and noxious phytoplankton that harm the water quality. 
They have also resulted in algal blooms which have limited the penetration of light in the lakes and reduced growth thus adversely affecting the aquatic life. The algal blooms have also lowered the success of the predators that need light to catch their prey. The higher rates of photosynthesis in the lakes also deplete the dissolved inorganic carbon which raises the pH level to the extreme compositions during the day. The increased pH can impair the chemosensory abilities of the aquatic life and other animals that depend on them for survival. The dense algal blooms die, the microbial decomposition depletes the dissolved oxygen thus creating am anoxic or hypoxic zone. This means that the lake system will lack sufficient oxygen to support the aquatic life. This explains why we have dead zones in many freshwater lakes like the Laurentian Great Lakes. This phenomenon is common during summer. Anoxia and hypoxia are caused by eutrophication that keeps threatening recreational and lucrative commercial fishing globally (Ludsin & Hook, 2009). 
Furthermore, the emergence of diseases has become part of the ever-growing affiliation of both human beings and wildlife. By investigating late increments in amphibian abnormalities (for example, additional or missing limbs), most researchers have outlined the significance of the science behind the food web hypothesis and the community ecology for more depth understanding, controlling any rising or emerging contaminations. This was found out that, both Nitrogen and Phosphorus are supplements that are natural parts of oceanic biological communities. Nitrogen and phosphorus bolster the development of green growth and oceanic plants, which give sustenance and territory to fish, amphibians among other aquatic life. A lot of phosphorus in the water makes the growth of algae become quicker than that ecosystem can deal with. Critical increments in algae growth harm the quality of water quality, nourishment assets and aquatic habitats and lessening the oxygen that angle and other amphibian life need to endure (Environmental Protection Agency, 2018). 
In addition, the extensive growths of algae known as algal sprouts (blooms) can seriously lessen or dispose of oxygen in the water, prompting sicknesses in fish and the passing of expansive quantities of fish and other aquatic life. Some algal blossoms are destructive to people since they deliver hoisted poisons and bacterial development that can make individuals wiped out in the event that they come into contact with dirtied water, devour polluted fish or shellfish, or drink sullied water discover this, the finding has focused on the availability of a local parasite, Ribeiroia  ondatrae, as the essential culprit behind the physical distortion of the amphibian life. Despite this finding, the reasons for the parasite’s increase have stayed speculative. The researchers recommend that the increase is an outcome of complex changes to the food web in the aquatic ecosystem that are a result of anthropogenic instabilities. The findings detail that the social eutrophication is the driver of the elevated parasitic contamination. That is:
a. Eutrophication causes a predator-interceded move in snail species creation toward Planorbella spp.
b.  Planorbella are the selective first intermediate hosts of R. ondatrae
c. Ribeiroia contamination is a solid indicator of high levels of amphibian malformation.
The findings show how the impacts of anthropogenic aggravation on pestilence ailment can be intervened through immediate and roundabout changes in sustenance web structure (Johnson & Chase, 2004).
Eutrophication is regularly viewed as a slow and steady process procedure, requiring many years of supplement stacking, while distortions seemed to have appeared all of a sudden in the mid-1990s. In any case, eutrophication can be quickened when huge beats of supplements enter a wetland, as often as possible happens amid overwhelming tempests. Flooding occasions are an essential power in transporting abundance supplements (e.g. from rural fields) from earthly to sea-going natural surroundings. Truth be told, up to 90% of the phosphorus sent out to wetlands every year happens amid huge rainstorms. In Minnesota, where the issue of land and water proficient distortions was catalyzed in the general open, the 1990s were set apart by a few of the most extreme surges over the most recent 100 years following a delayed dry spell in late 1980 (Johnson & Chase, 2004).
Submerged vegetation react to expanded supplement loads through a move from moderate developing seagrasses and huge macroalgae to quickly developing macroalgae, and a definitive dominance that comes with the phytoplankton at high supplement loadings. This move mirrors a change from a supplement to light confinement along the eutrophication angle. Moderate developing seagrasses and extensive macroalgae are great competitors. This is because, when supplements are extremely limited, in light of the fact that they have generally low supplement prerequisites, are capable of productive inner supplement reusing, and can get to the raised supplement pools in the residue. 
Quickly developing macroalgae and phytoplankton are prevalent competitors when the light is quite limited on the grounds that they are situated nearer to the water surface, and catch and utilize light more proficiently. The vital biological community outcomes of modified supplement procedures get from the move in prevailing vegetation types. Moderate developing seagrasses and vast macroalgae are longevous, decay gradually, and encounter just moderate munching misfortunes, through the generation of quickly developing macroalgae and phytoplankton is exchanged quicker to heterotrophs, through expanded eating and deterioration rates. Recuperation of submerged vegetation following supplement decrease designs is a moderate procedure, which includes the substitution of quickly developing for moderate developing plants. Reproduction models foresee recuperation times to waver between a couple of years for macroalgae and quickly developing seagrasses to hundreds of years for moderate developing seagrasses following supplement decrease designs (Hecky & Kilman, 2007).
Conclusion
Controlling the contribution of supplements into oceanic biological systems is an administration centre crosswise over a great part of the world. Supplement the executives is basic to anticipate or help moderate hurtful impacts of eutrophication, a natural issue that has caused billions of dollars on economic harm in countries like the United States and other capable countries in dealing with this problems. Propelled treatment of wastewater has prompted huge decreases in supplement burdens to numerous biological systems; notwithstanding, much of the time, control of point sources alone is deficient, and nonpoint sources should likewise be addressed.
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