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What Is the State of Our Lakes?

Introduction

Are you concerned that our lakes just don't seem as clear as the old timers say they used to be? Have you ever wondered why Pipe Lake has better clarity than North Pipe? Is "how lakes work" a mystery to you? This article will not give you final answers to the above questions, but it will begin to take out some of the mystery. Building on the information in the previous communication that you received in January, this article presents data collected from our lakes and streams over the past few years. Our consultant will use this data plus considerable additional information about our lakes and other lakes similar to ours to further explain how our lakes work. After our consultant presents conclusions and recommendations to us in late spring, all of us will be asked to make decisions about his conclusions and recommendations. Reading the information presented in this article will help you prepare to make informed decisions. 

In the January communication, you learned that collecting basic information about lakes involves measurements of Secchi depth, chlorophyll, and phosphorus. Remember that Secch depth is a measure of water clarity. Chlorophyll is a measure of the amount of algae present because algae contain chlorophyll. Algae are usually the major contributors to decreased clarity. In most lakes phosphorus is the nutrient ingredient that determines the amount of algae that can grow in the lake. Another important measurement that was mentioned in last month's communication is the amount of oxygen dissolved in the water. Oxygen is necessary for fish and many other animal species to live in the water. But oxygen can also influence how much phosphorus is in the water. The measurements of Secchi depth, phosphorus, chlorophyll, and dissolved oxygen taken from Pipe and North Pipe Lakes in recent years are charted and discussed below. 

A Lake's watershed, which is the land area that drains surface water to the lake, always influences the quality of the lake. Precipitation in the watershed may soak into the ground, evaporate, or flow over the land surface to the lake. The portion flowing to the lake picks up nutrients such as phosphorus on the way. Near the shore (the shorelands), surface water flows directly into the lake without forming streams. Farther from the shore, the surface water flow seeks paths, which eventually turn into streams. The surface flow from the shoreland areas is difficult to measure directly and, therefore, has not been measured. Shoreland runoff can, however, be estimated by lake professionals. Volunteers measured stream flows during 5 runoff events in 2003. Charts of phosphorus contributions to the lakes from these streams are also discussed later in this article.

Secchi Depth Measurements
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Secchi depth measurements available for Pipe Lake are plotted in Chart 1. The horizontal lines indicate perceived clarity ratings (Lillie and Mason, 1983) that were described in the January communication. The Pipe Lake Secchi measurements consistently show a very good rating. The chart visually appears as though Secchi values have moved in the direction of lower clarity over recent years. Because data for the entire summer is available only for the last 5 years, the data alone is insufficient to confidently decide if this downward movement is a long-term trend or a random variation. A long term trend may be the result of human activity whereas a random variation would likely be due to natural causes. 
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A good way to consolidate the historical Secchi data is to study the average and poorest summer values. Chart 2 shows the average Secchi values for Pipe Lake May-September and the poorest values over the same period. The poorest values are represented by the average of the 2 lowest readings. The average for the summer appears to trend lower except for the year 2002, which is similar to the 1999 data. 
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For North Pipe Lake, a visual trend-like pattern in the Secchi values (Chart 3) is less apparent then in the Pipe Lake chart. The summers of 2000, 2001, and 2003 show periods of several weeks in the poor clarity category. North Pipe Lake users have expressed a significant decrease in summer clarity in recent years. As with Pipe Lake, complete data over the summer period exists for only the past 5 years. So making confident conclusions as to whether a long term trend or random variability is occurring is not possible based on current data alone. 
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Viewing Chart 4 for North Pipe Lake, which shows May-September average and poorest Secchi values, gives a similar pattern to that occurring with Pipe Lake. The values trend lower with year 2002 being an exception. Note that in 2003 North Pipe experienced an average Secchi depth significantly below 6 feet.

Trophic State Indexes

The Wisconsin Department of Natural Resources (WDNR) uses a scale called the Trophic State Index (TSI) to describe the degree of eutrophication or nutrient richness of lakes. The range of this index is from 0 for very clear water to 100 for very turbid water. The index can portray the Secchi depth, the amount of chlorophyll in the water, and the amount of phosphorus in the water on the same chart. 
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Chart 5 below shows historical trophic state indexes or TSI data for Pipe Lake as determined by measuring the Secchi depth, chlorophyll concentration, and the total phosphorus concentration. Note that the chlorophyll and phosphorus TSI values tend to be higher than the Secchi TSI values. These differences are clues our consultant can use to help us better understand the lake. The Secchi values are mostly in the oligotrophic (low algae productivity) region while the chlorophyll and phosphorus values are mostly in the mesotrophic (middle algae productivity) region. 
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The trophic state index for North Pipe Lake (Chart 6) has chlorophyll and phosphorus values hovering closer to the Secchi values than for Pipe Lake. The phosphorus levels in North Pipe Lake were much higher in the spring of 2003 than previously measured. This high spring level may have contributed to the more severe reduction in clarity during the 2003 summer. The TSI ranges from mesotrophic to eutrophic (high algae productivity) for North Pipe. 

Dissolved Oxygen

Lakes like Pipe and North Pipe tend to stratify or form layers in the summer due the sun's warming action. We experience this stratification when we swim on a calm day and feel the cold water at our feet. Because of stratification, oxygen entering the upper layer from the atmosphere and plants may not reach the bottom layer. Decaying plant and animal material on the bottom of the lakes consume oxygen. The loss of oxygen near the material in the lake bottom encourages phosphorus to release into the water. When turnover occurs (loss of stratification) in the fall because the sun's warming action decreases, this added phosphorus can reach the surface water and increase algae production. This internal source of phosphorus was referred to as internal recycling in the January communication.
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[image: image8.emf]Chart 8 - Depth Where Oxygen Is No Longer Available
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Charts 7 and 8 show the depth where dissolved oxygen or DO depletes in the lakes during the summer period. Above the plotted lines, oxygen is present in the water. Below the plotted lines, oxygen is no longer dissolved in the water. Fish must "hold their breath" if they move below the plotted lines. In 2000, Pipe Lake started to lose its oxygen in the deepest part in July. By mid September, oxygen was no longer available below about 33 feet. North Pipe Lake starts to lose oxygen in the deepest part of the lake in the June time frame. In mid August loss of oxygen rises to a depth of 10-15 feet. Because North Pipe Lake spends more days without oxygen near the bottom of the lake, it is more anoxic (lacking oxygen) than Pipe Lake. 

Phosphorous Contribution from Streams

Surface runoff from the watershed contains naturally occurring phosphorus and possibly additional contributions due to human activities. During 2003, volunteers monitored 14 inlet streams for amount of flow and total phosphorus concentration. Most, possibly all, of these streams are intermittent. Additional streams exist, but were not measured because they are believed to be among the lower flowing streams. The measurements were within 24 hours after precipitation stopped during 5 runoff events from April to July. The plots in Charts 9 and 10 below show average pounds of phosphorus per day delivered to each lake by the measured streams during the 5 runoff event samples. Keep in mind that the streams were running stronger before the measurements were taken and slower during the days after the measurements. Also keep in mind that some streams continue to run longer than others. The charts depict a "snapshot" of the streams' contribution of phosphorus to the lakes. The value of the plots is that they provide a crude estimate of the relative phosphorus contribution by each stream to the lakes. 
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[image: image10.emf]Chart 6 - Historical North Pipe Trophic State Indices
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Phosphorus delivered to Pipe Lake by streams comes mainly from 2 sources. One source is labeled PI-GUL. This is a stream that flows into the lake at the east shore south of the lake center. The other main contributor is the flow from North Pipe Lake into Pipe Lake identified as NPO. This flow continues long after most of the other streams stop flowing, possibly making the relative phosphorus contribution from North Pipe Lake to Pipe Lake larger than shown in the chart. North Pipe Lake appears to have 4 main stream contributors (NPI-W1, NPI-E2, NPI-E3, and NPI-NE) of phosphorus. Our consultant will determine if any streams are contributing more phosphorus to the lakes than should be expected for the lakes' geographic region.




































































