Educational Summary

	Introduction


The purpose of lakeshed assessment is to develop an inventory and assess the resources within each lakeshed.  The assessment can then be used as a tool to evaluate issues and create a framework of goals and strategies for citizens, as well as representatives from local units of government and resources agencies in the region.  This information helps support the continued commitment to a collaborative effort to protect and improve water quality of Minnesota lakes and manage our limited resources. 

Understanding a lakeshed requires the understanding of basic hydrology. A watershed is the area of land that drains into a surface water body such as a stream, river, or lake and contributes to the recharge of groundwater. There are three categories of watersheds: 1) basins, 2) major watersheds, and 3) minor watersheds.

Within this watershed hierarchy, lakesheds also exist. A lakeshed is defined simply as the land area that drains to a lake. While some lakes may have only one or two minor watersheds draining into

them, others may be connected to a large number of minor watersheds, reflecting a larger drainage

area via stream or river networks.
This summary includes educational information about phosphorus and nutrient transport in watersheds and lakesheds.  For each individual lakeshed assessment, conclusions can be drawn as to the best way to protect and conserve land within the lakeshed.  See individual lake reports for specific recommendations.  Overall recommendations include:

· Continue to follow BMPs (Best Management Practices) in the lakeshed:

· Plant natural vegetation along the shoreline
· Protect and extend low phosphorus land covers wherever possible (forest/wetland)
· Limit the use phosphorus fertilizer on lawns

· Surface water onsite management (rain gardens, drainage, etc.)
· For lakes located near a town, investigate where storm water drains so that it is not impacting the lake.  Rain gardens and wetlands can be good areas for storm water storage and infiltration.
	Phosphorus


Phosphorus is a nutrient important for plant growth.  In most lakes, phosphorus is the limiting nutrient, which means that everything that plants and algae need to grow is available in excess (sunlight, warmth, water, nitrogen, etc.), except phosphorus.  This means that phosphorus has a direct effect on plant and algal growth in lakes – the more phosphorus that is available, the more plants and algae there are in the lake.  Phosphorus originates from a variety of sources, many of which are related to human activities.  Major sources include human and animal wastes, soil erosion, detergents, septic systems and runoff from farmland or fertilized lawns.
Phosphorus is usually measured in two ways in lakes, ortho-phosphate (soluble reactive phosphorus) and total phosphorus.  Ortho-phosphate (soluble reactive phosphorus) is the chemically active, dissolved form of phosphorus that is taken up directly by plants.  Ortho-phosphate levels fluctuate daily, and in lakes there usually isn't a lot of ortho-phosphate because it is incorporated into plants [image: image2.jpg]Phosphorus Export from different Land Uses

4 Feedlot
150-450 Ib/ac/yr

12

0.8

06

(Iblaclyr)

0.4

- _ QoD

Phosphorus Export Coefficient

E Natural Land Uses . Human Land Uses



quickly.  Total phosphorus (TP) is a better way to measure phosphorus in lakes because it includes both ortho-phosphate and the phosphorus in plant and animal fragments suspended in lake water.  TP levels are more stable and an annual mean can tell you a lot about the lake's [image: image3.jpg]Total Phosphorus (ppb) related to Lake Trophic State
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water quality and trophic state, as shown in Figure 1.
If phosphorus inputs are decreased or eliminated, less plants and algae are able to grow and water quality can improve.

	Nutrient export to lakes
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Phosphorus export, which is the main cause of lake eutrophication, depends on the type of land use occurring in the lakeshed.  Phosphorus export (in lbs/acre/year) can be estimated from different land uses using the phosphorus export coefficient.  Figure 2 shows the phosphorus export from the natural landscape versus human land uses.  Humans alter the landscape, thereby adding more phosphorus to the lake than would occur naturally.
Stormwater is an all-inclusive term that refers to any of the water running off of the land’s surface after a rainfall or snowmelt event.  Stormwater carries nutrients and other pollutants, the largest being phosphorus.  Around lakes, urban development is one of the largest contributors of phosphorus.  Prior to development, stormwater is a small component of the annual water balance.  However, as development increases, the paving of pervious surfaces (that is, surfaces able to soak water into the ground) with new roads, shopping centers, driveways and rooftops all adds up to mean less water soaks into the ground and more water runs off.  Figure 2 is a variation on a classic diagram that has appeared in many documents describing the effects of urbanization. This adaptation from the University of Washington shows how the relative percentages of water soaking into the ground change once development begins in a forested area. Note that the numbers assigned to the arrows depicting the movement of water will vary depending upon location within Minnesota (MPCA 2008).
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Figure 2. Differences in annual water budget from natural land cover to urbanized land cover (Source: May, University of Washington).
The changes in the landscape that occur during the transition from rural and open space to urbanized land use have a profound effect on the movement of water off of the land. The problems associated with urbanization originate in the changes in landscape, the increased volume of runoff, and the quickened manner in which it moves (Figure 3).  Urban development within a watershed has a number of direct impacts on downstream waters and waterways, including changes to stream flow behavior and stream geometry, degradation of aquatic habitat, and extreme water level fluctuation. The cumulative impact of these changes should be recognized as a stormwater management approach is assembled (MPCA 2008).
Figure 3. The effects of development on the amount of phosphorus and total runoff from a shoreland property.  A large landscaped lot with a manicured lawn, a beach, and a retaining wall can increase total runoff volume by 500% and the phosphorus inputs to the lake by 600% (University of Wisconsin–Extension and Wisconsin Department of Natural Resources. 2002).  
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Figure 2. Phosphorus export coefficient for natural vs human land uses.





Figure 1. Phosphorus concentration (ppb) related to lake trophic state.
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