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Introduction

Many lakes in Wisconsin have elevated concentrations of nutrients which result in unsightly algal blooms as well as an over abundance of aquatic plants.  The high phosphorus levels often result in runoff from watershed activities.  In the case of Little Green Lake there is considerable agriculture in the watershed as well as homes around most of the shoreline.  A study conducted by Ramaker and Associates in 1998-99 as well data collected by the U.S. Geological Survey since 1991 indicate that considerable internal loading is occurring in the lake.  Modelling by Ramaker and Associates estimated that 70 percent of the total P load comes from internal loading.  

There are several sources that can contribute P from within the lake.  These include benthivorous fish, e.g. carp, bullheads; sediment release from anoxic conditions during stratification; and elevated pH during intense algal blooms.  Because of the morphometry of Little Green Lake, it is susceptible to periods of stratificationa and mixing throughout the summer.  Its depth (28 ft) is deep enough for stratification to occur during periods of warm weather with little wind, but not deep enough to prevent mixing during moderate wind events.  During stratification the bottom waters may become devoid of oxygen allowing phosphorus to be released from the sediments.  Subsequent mixing transports the P to the upper waters thus enhancing algal growth which result in obnoxious algal blooms.  While the stratification/mixing is not well documented in lakes it is known to occur in a few lakes.

The purpose of this study was to determine if Little Green Lake experiences stratification/mixing periods throughout the summer and if so how much P is released from the sediments during these events.  

Methods

The lake was sampled twice a week from the period mid-May to early September.  There were 5 sampling sites as shown in Figure 1.  The main site was the deep hole and the four satellite stations were chosen to determine the extent of anoxia and distribution of P horizontially in the lake.  Location was determined with a GPS unit.  During each sample trip, profiles of temperature and oxygen were determined at each of the sites.  If the deeper waters had oxygen levels below 2.0 mg L-1 phosphorus samples were collected.  Total P samples were only collected at the central station.  Total dissolved P samples were collected at all 5 stations.  Samples were collected with a peristalic pump and samples for TDP were collected after passing through an inline 0.45 µ membrane filter.  Because of importance of measuring P released from the sediments, sampling depths were accurately measured from the sediments upward.  If the bottom water was anoxic (<2.0 mg/L DO), phosphorus samples were collected at several depths (generally 3-4) until the DO concentration was above 5.0 mg/L. To estimate the horizontal extent of the anoxic water either between the central site and the satellite sites, or beyond the satellite sites profiles of DO were determined to find the edge of the anoxic zone and then the GPS coordinates were recorded.  

Not all of the P samples that were collected were analyzed.  The purpose was to determine the mass of P prior to stratification and immediately prior to mixing.  This would allow to calculate the approximate amount of phosphorus that was released from the lake sediment during each stratification period.  Because of the frequent partial mixing that occurred it proved difficult to isolate the specific stratification periods when deciding which samples to submit to the State Laboratory of Hygiene.  Consequently the majority of samples collected (19 dates) were analyzed.  Following collection, samples were preserved with sulfuric acid and kept cool until submission to the lab.

In order to estimate contamination from the sampling equipment, field blanks were frequently collected and analyzed.  One blank was deionized water that was pumped through the sampling line and the other blank was pumped through the filtering apparatus.  None of the blanks contained P values higher than 20 µg L-1 which was considerably lower than the concentrations fo the lake water. 

Secchi depths were measured at each site and wind direction and speed was estimated.  Chlorophyll sample was collected weekly at 1 meter at the central station.  The sample was filtered as it was collected and immediately placed in a tube containing 5 ml of 90% acetone.  The sample was kept in the dark and on ice.

Results

Summer mean Secchi depth in 2000 was similar to the previous two years (Figure 2).  The summer means were 0.6 m (1.8 ft) which indicate a hypertrophic lake.  This is supported by the high chlorophyll a value (43 (g L-1) and total phosphorus concentration (223 (g L-1) (Table 1).  The current Secchi depths are worse than the perioc 1993-95 but are similar to those experienced during the period 1988-1991 (Figure 2).  It is unclear why the Secchi depths were much better during the mid-1990’s but this study was able to document why water clarity is currently so poor.  
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