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Lake Wononscopomuc – Nutrients and eutrophication.
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Increased phosphorus and nitrogen inputs to aquatic systems can lead to eutrophication.  This eutrophication is characterized by increased phytoplankton production and resultant declines in water clarity, anoxia in bottom waters and at times toxic algal blooms and fish kills.  The link between nutrient inputs and eutrophication has been demonstrated for a large number of lakes by nutrient additions, nutrient removal studies, and comparison of lakes with different nutrient concentrations.   As human activity in the watersheds of lakes is often associated with increased nitrogen and phosphorus inputs to lakes, human activity can lead to eutrophication.  A number of human activities can result in increased nutrient losses to aquatic systems and developed, managed grass and agricultural lands are associated with higher phosphorus and nitrogen inputs than most forested lands.  In the Lake Wononscopomuc agricultural land has not increased in past decades and there has been only minor increases in developed land and loss of forested lands. This development may, however, increase in the future due to changes in zoning in the watershed and high demand for lake front property.  The purpose of this report is to determine if the lake has experienced increased eutrophication over the past decade.  Additionally, I speculate on possible accelerated eutrophication in the future that could occur under different scenarios of land development and nutrient management.   
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Historical Measures of Trophic Conditions. 

During the 1970s to mid 1990s a number of measurements of lake trophic conditions were made, these measurements include total and dissolved available nitrogen and phosphorus, chlorophyll a (a measure of phytoplankton biomass), secchi depth (a measure of  water clarity) and oxygen conditions of bottom waters.  Secchi depth represents the most complete data set of these measurements.  In general all these measurements were made at the deepest site in the lake (1) but some measurements were made also made at station 2.  Historical measurements were made by a number of people and agencies including   Connecticut DEP, DAE, Hotchkiss School and myself.   Here I focus on a comparison between data collected in 1994 and 2006 both these sets were collected using the same methodology and measurements were made of a number of trophic parameters for the summer period.  
Measurements made during 2006 

 We measured several forms of phosphorus and nitrogen including total phosphorus (TP), phosphate, total nitrogen (TN), nitrate and ammonium.  Additionally, we measured secchi depth, chlorophyll a (a measure of phytoplankton abundance) as well as oxygen, pH, and temperature.  Measurements were made at stations located at the 2 deep basins.  Nutrients and chlorophyll were taken at an additional 4-5 stations in shallow waters on each sampling occasion.  Sampling was done on 4 occasions between May and August.  
Measured Lake Conditions 2006
Lakes range from very unproductive systems (oligotrophic) characterized by low nutrients and clear waters (eg. Lake Tahoe) to eutrophic or even hypereutrophic conditions that are seen in many farm ponds. Mesotrophic lakes with moderate levels of productivity lie between these extremes.   In summer 2006 almost all measured parameters indicated that Lake Wononscopomuc was moderately productivity (mestotrophic).  Surface water phosphorus concentrations were moderately low with total P (TP) concentrations averaging 0.3 M and highly available P (phosphate) concentrations averaging only 0.03 M. Total N (TN) concentrations in surface waters were relatively high (25 M) but both nitrate and ammonium concentrations were low.  Secchi depth averaged 4.5 m and chlorophyll concentrations averaged 1.5 g/L.    Oxygen declined in bottom waters over the summer and by the end of summer oxygen was depleted in deep waters of both basins but anoxic conditions were only found in the lower several meters of the pond.  The real oxygen depletion rate for summer 2006 averaged 500 mg m-2d-1 and are indicative of mesotrophic conditions. 
There was moderately high temporal variation in most trophic parameters and TP additionally showed high spatial variability.  In general TP concentrations in waters close to the shore were elevated as compared to stations at the middle of the lake.  This could be due to inputs from the surrounding watershed or suspension of sediments in these shallow waters.  By comparison there was little spatial variation in chlorophyll.  
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Comparison to past data  
(2006 vs. 1994)
Compared to conditions in 1994 Lake Wononscopomuc appears to have somewhat lower trophic state.  This decrease in trophic state is most apparent for phytoplankton biomass (chlorophyll) and least apparent for concentrations of TP.  Chlorophyll, TP, and secchi depth all indicated decreased trophic conditions for early summer (May) while only chlorophyll is improved for mid and late summer.    
 Other not measured but notable improvements are the decrease in milfoil and increase in several native aquatic plants including water celery and common pond weed.
Other Years
The slight decrease in trophic status between 1994 and 2006 may not represent a decade wide trend but could instead reflect year to year variation caused by weather conditions or other factors.  Although we know of no data for trophic parameters between 1995 and 2006, summer time secchi depth data and some total P data exist going back to the 1970s.  Comparison of 1994 and 2006 to this data suggest neither a long term decrease nor an increase in trophic conditions. For secchi depth average summer values in 2006 were lower than those in 1974 but equal to 1989 values taken by the DEP.  Secchi depth values were also generally lower than values taken by the Hotchkiss school between 1989 and 1993 but higher than those measured in 1995(last year of measurements).  Total P concentrations are on the other hand lower than average measured values in 1974 while 1980s and 1990s measures give similar average values to those measured in 2006.  


Phosporus inputs  and lake trophic status
A phosphorus budget for Lake Wononscopomuc two decades ago suggests that approximately 300 kg of P enter the lake each year from the watershed and that much of this P likely originates from human activity.  As there has been relatively little increase in developed land in the watershed since 1985, the P loads to the watershed may not have changed substantially.  Lakes with stable P loading to the watershed are more likely to have stable P loads to the lake and stable trophic status of the lake but several factors can cause variations in these relationship. For example, phosphorus burial in lake sediments may decline due to changing lake chemistry (eg. pH, sulfate or oxygen) or biology (eg. fish or aquatic plant populations) and this could lead to increased trophic status of the lake even while P loads to the watershed remain constant.  Adding more phosphorus to the watershed, however, increases the likelihood that the trophic status of the lake will increase in the future.  The main inputs of P to watershed from humans are generally fertilizer and detergent and food imports that result in phosphorus added to sewage systems.  Only a small percent of this phosphorus needs to be exported to the lake for humans to have an impact on P loads to lakes. New development in the watershed of Lake Wononscopomuc could add to the phosphorus load to the lake both by increasing the area of fertilized lawn and increasing sewage loads.   Further, new construction is often associated with increased erosion during construction that can lead to inputs of soil bound phosphorus.  
A danger exists that at times the response of a lake can at times be disproportionate to the increase in phosphorus loads to the watershed.  Examples of this are “accelerated” eutrophication due to chemical linkages between oxygen and phosphorus ,  large fish and phytoplankton, or aquatic plants and phytoplankton.  Given the present state of knowledge on eutrophication of lakes, guarding against a future accelerated eutrophication likely involves the same steps that would guard against incremental declines in trophic status.  These steps could include:  1. Recommending the use of 0% P fertilizer on lawns in the watershed (rather than the usual 3% used on lawns), 2.. Reducing the area of lawns particularly near the lake shore; 3.  Pumping septic systems at 2 year intervals to prevent tank failure.  4.  Using low P detergents (including low P dish washing soap); 5.  Limiting the construction of new homes.  
Recommendations for future research on lake.


There seems substantial disagreement on whether Lake Wononscopomuc has had declines in trophic state over the past few decades or has infact improved.  Based on 1 year of sampling and observation there seems no evidence for either strong declines or improvements in overall trophic status.  Limited data suggest that water clarity, phytoplankton biomass, and phosphorus concentrations appear similar to conditions in the 1980s and 1990s. More years of data would help to better document the trophic state of the lake.  A citizen action group could be started to carry out some of this monitoring. For example secchi depth could be taken at weekly intervals by citizens in the community.  Samples for chlorophyll and phosphorus could be taken by citizens and arrangements could be made to have these samples run in a number of nearby facilities with minimal laboratory equipment.  Further, aquatic plant surveys could be done to monitor changes in population of milfoil and native aquatic plants.  
Land use in watershed of Lake Wononscopomuc  for 2002 and 1985 based on (clear.ucon.edu).  





 Note that for both years developed areas and grass and agriculture took up about 40% of the watershed. The remaing 60% was in forest open waters and wetlands. 





Comparison of trophic indicators for 2006 and 1994. The higher secchi depth and lower chlorophyll suggest lower trophic status in 2006 as compared to 1994..  For each graph the data are collected at the deep basin site.  Additional sites taken in 2006 are shown by small dots and reflect variable TP at different locations in lake.  


Secchi depth is in meters, TP is in M and Chlorophyll is in g/L.





Secchi depth and total P trends over the past 30 years. Considering both variables together there is no evidence for either an increase or decrease in trophic condition.  Secchi depth indicates some decline in trophic status while total P shows the opposite trend.  Green squares are from DEC data black triangles are taken by the Hotchkiss School and blue and red dots were collected by N. Caraco.








