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Executive Summary 
Highland Lake, the largest lake in the town of Winchester Connecticut, is an important 

natural resource for the region providing recreation and non-recreational uses as well 

as significant economic value.  However, the benefits derived from the lake are 

directly dependant on its continued good health.  Deterioration of water quality and 

proliferation of invasive aquatic plants threaten the long-term viability of the 

resource.  

 

A monitoring program was established at Highland Lake to develop a long-term record 

of water quality as indicated by Water Clarity, Dissolved Oxygen, and Phosphorus.  

Surveys are conducted to map density and distribution of Aquatic Plants specifically 

invasive species, and to assess effectiveness of control methods. 

 

WATER CLARITY 

Water Clarity appears to be stable long-term, however two issues remain unresolved, 

1) Water clarity is better in summer than spring, indicating possible spring 

nutrient loading, and,  

2) Water clarity is not as good as phosphorus levels predict, indicating other 

factors cause turbidity in the lake. 

Suggested Actions 

 1) Continue monitoring water clarity monthly in each of the basins. 

 2) Collect water clarity readings beginning in April and ending in October. 

3) Consider measuring chlorophyll a to determine if phytoplankton is major 

contributing factor in water clarity. 

4) During the summer, measure water clarity at different times of the week to 

see if weekend boat traffic is causing turbidity by erosion of shorelines. 

5) Conduct shore front inspection to identify areas of active erosion. 

 
DISSOLVED OXYGEN 

Dissolved oxygen in deep waters has declined over the years so that now water below 

the thermocline is devoid of oxygen.  Loss of dissolved oxygen is a precursor to 

irreparable changes in lake condition.  Dissolved oxygen content showed some 

improvement in 2010 over prior years.  Deep-water dissolved oxygen maximum was 
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present in the lake in 2010 for the first time.  This may help offset deeper water 

oxygen losses. 

Suggested Actions 

 1) Continue monitoring dissolved oxygen at each of the three basins. 

2) Collect measurements during early spring April, and late fall October and 

November, to verify that the lake is fully mixed at the beginning and end of 

the season. 

3) Continue to collect evidence that drawdown and oxygen depletion are 

linked.   

 

PHOSPHORUS  

Surface water phosphorus (epilmnion, water above the thermocline) has routinely 

been less than 10 ppb over the last several years.  The variation in average phosphorus 

concentration appears to be Top = 6 – 11 ppb, Middle = 9 – 17 ppb, and Bottom = 18 – 

26 ppb.  Values that exceed these ranges should be considered evidence of increased 

concentrations in the lake suggesting higher loading rates or other factors that might 

lead to changes in lake condition.   

Suggested Actions 

1) Continue monitoring phosphorus in each of the three basins to verify that 

concentrations remain within acceptable ranges. 

2) Collect samples from the lake in April for phosphorus analysis to be used for 

modeling of total annual watershed loading. 

3) Phosphorus is a threat in any form and from any source.  Begin lake front 

home phosphorus audit program to learn how each home shorefront can be 

made phosphorus friendly to the lake. 

4) Begin regular phosphorus monitoring of inlet streams to identify average and 

ranges of incoming phosphorus loads.  Develop acceptable ranges of 

phosphorus for each stream.  Rank streams that have phosphorus 

concentrations that exceed acceptable ranges.  Prioritize streams that will 

require additional testing and study required to choose method of 

remediation.   

5) Limit phosphorus fertilizers within a setback distance from the shore of the 

lake.  Setback distance should include all homes with waterfront and at 

least the first tier homes.   
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6) Consider adopting a nutrient allocation regulation for the watershed.  An 

allocation plan is a science-based restriction on development that causes 

increases in phosphorus export from the landscape toward the lake.    

 

AQUATIC PLANT SURVEYS 

Three invasive aquatic plants infest Highland Lake, variable-leaf watermilfoil 

(Myriophyllum heterophyllum), Eurasian watermilfoil (Myriophyllum spicatum), and 

Minor naiad (Najas minor).  Herbicides (diquat) were applied to selected beds of both 

invasive milfoils in 2009, but not in 2010.  Significantly, more Eurasian milfoil was 

found in the lake during the 2010 survey than in 2009.  In addition, minor naiad was 

considerably more prolific in Sucker Brook Cove in 2010, none was observed there in 

2009.  Variable-leaf milfoil was not found in the lake in 2010.  A small bed of variable-

leaf milfoil was removed by hand harvesting from the Sucker Brook Channel, across 

West Wakefield Blvd. from the lake.  Certain native species, Large-leaf pondweed, 

Clasping-leaf pondweed, and Southern Naiad, are common to abundant around the 

lake.  In some places, these plants may present a nuisance.  One state listed protected 

aquatic plant species Vasey’s Pondweed, was found in the lake during the 2009 survey. 

Suggested Actions 

1) Conduct annual aquatic plant surveys of the whole lake to record native 

plant populations and spread/control of invasive species.  These should be 

in addition to pre- or post treatment surveys conducted by the applicator. 

2) Continue herbicide treatment to control milfoil and minor naiad. 

3) Develop detailed pre- and post- treatment mapping to isolate areas where 

other non-chemical methods of control might be feasible. 

3) Continue monitoring the potentially nuisance native species, large-leaf 

pondweed, clasping-leaf pondweed, and southern naiad to determine where 

these plants need to be controlled. 

4) A Survey Report Form needs to be filed with CT DEP documenting the 

presence of Vasey’s Pondweed in Highland Lake. 

 

STREAM WATER MONITORING 

Three tributary streams flowing into Highland Lake on the west side account for 75% of 

the water budget of the lake.  The water quality of these streams will govern that of 

the lake.  In addition, there are 9 tributaries on the east side of the lake, and although 
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these are much smaller, the water quality is in jeopardy due to close proximity to the 

lake of potential development on the hills of the eastern watershed.  Nutrient levels 

of monitored streams has fluctuated suggesting occasionally high phosphorus 

concentrations.  Platt Hill Brook has gone completely dry.   

Suggested Actions 

1) Develop a regular stream monitoring program to collect nutrient chemistry 

data from all inflow streams.   

2) Develop mean and acceptable ranges of phosphorus from each sub-basin. 

3) In stream basins where values exceed acceptable ranges investigate 

upstream areas to find causes of high nutrient loading. 

4) Determine if other tributary streams to Highland Lake exist. 

5) Determine why Platt Hill Brook went dry.  A stream walk would be necessary 

to identify reasons why no water was present in the channel during the 

2009 stream monitoring study. 
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Introduction
Highland Lake is a 445 acre lake set in the northwest hills of Connecticut, entirely 

within the town of Winchester, Connecticut.  The lake is composed of three basins, 

generally referred to as First Bay (northern basin), Second Bay (middle basin), and 

Third Bay (southern basin) (see Figure 1).  Second Bay is the smallest of the three 

basins, but is the deepest with a maximum depth of 60 feet (18 meters).  Third Bay is 

the largest with a maximum depth of about 45 feet (14 meters).  First Bay is the 

shallowest of the three basins with a maximum depth of about 30 feet (9 meters).  

Together the three basins hold a large volume of water, 9,664 acre-feet, or about 3.1 

billions gallons.    

 

Highland Lake has a watershed, or drainage basin, of approximately 4,481 acres (see 

Figure 15).  This means that rain falling on the landscape within the 4,481 acres will 

be directed toward the lake as principally as stream flow, but also as direct discharge 

via street drains, as sheet flows from shorelines, and as ground water.  There are 

three tributary streams with large sub-basins on the west side of the lake, Sucker 

Brook 1,954 acres, Taylor Brook 785 acres, and Platt Hill Brook 249 acres.  Along the 

east side of the lake are several smaller sub-basins ranging in size from 3 acres to 85 

acres.  The drainage basin of the lake supplies about 2.8 billion gallons of water 

annually to the lake.  This volume, an estimate based on average rainfall, is less than 

the total volume of the lake so it takes more than one year to fill the lake.  The 

flushing rate is the length of time it takes new water from the drainage basin to 

replace the entire volume of the lake.  For Highland Lake, the flushing rate or the 

length of time for the total volume of water to be renewed is about 400 days.  

 

Project Scope 
Highland Lake monitoring during the 2009 and 2010 seasons consisted of three 

components: in-lake water quality collections and measurements, aquatic plant 

surveys, and stream water collections.  The goal of monitoring is to 1) provide long-

term water quality data to determine range of average or normal conditions. 2) 

Provide early warning of unacceptable conditions and nutrient concentrations. 
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In-lake monitoring at Highland Lake consists of measuring water clarity, water 

temperature and dissolved oxygen, and collecting water samples for analysis of the 

plant nutrients, phosphorus and nitrogen.  In-lake monitoring was conducted by 

Northeast Aquatic Research in April 2009 and by residents monthly between May and 

October in 2009, and June and September 2010. 

 

A comprehensive survey of the aquatic plants in Highland lake was conducted over 

three days August 2009 when the entire littoral zone was investigated.  In 2010, a 

shorted aquatic plant survey was conducted when only six key locations were visited. 

   

Stream water was collected from five streams flowing into Highland Lake.  Each was 

visited monthly between April and August in 2009.  Three, small, unnamed, tributaries 

on the east side of the lake, and three, larger, named brooks on the west and south 

side of the lake: Sucker Brook, Platt Hill Brook, and Taylor Brook.  

 

In-Lake Monitoring Results 
 

Water quality monitoring of Highland Lake consisted of measuring water clarity, water 

temperature and dissolved oxygen, and collecting water samples for nutrient 

chemistry analysis from the three basins (see Figure 1 for the locations of each of the 

three sampling station).  The temperature and dissolved oxygen measurements were 

made at each 1 meter water depth, between surface and bottom, or 15 meters for the 

case of Second Bay during 2009, and 18 meters in 2010.  Water samples were collected 

from top, middle, and bottom depths.  Sampling depths varied between the three 

basins: First Bay 1, 5, and 8 meters (3, 16, and 26 feet), Second Bay 1, 8, and 15 

meters (3, 26, 50 feet) and Third Bay 1, 7, and 12 meters (3, 23, and 40 feet).  In 

2009, monitoring visits were made monthly between April and October, while in 2010 

monitoring visits were made monthly between June and September.    
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Figure 1  - Bathymetric map of Highland Lake (from Jacobs and O’Donnell 
2002) showing location of sampling stations 

 
 

Temperature / Water Clarity / Dissolved Oxygen 
A lake can be initially characterized by the seasonal patterns of water clarity and 

water temperature.  The two factors interact to give the lake its thermal 

configuration, that is, the layers of upper warm water and deeper cooler water.  This 
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layering, called stratification, is the fundamental aspect of a lake that governs many 

of the important processes that occur during the year.  The pattern of layering is 

repeated each year, usually with a high degree of regularity.  Each season, the lake 

progresses through a series of steps beginning with ice-out in the spring, warming 

during the summer, and cooling in the fall.  In the spring, after ice-out, the lake has 

uniformly cold water from top to bottom.  As the sun increases in strength during April 

and May, the water at the surface warms due to the penetration of Sun’s rays into the 

ater, with the depth of warming determined by water clarity.   

rmal, the 

ke continues cooling uniformly until winter when ice forms on the surface. 

t known when, or 

, the lake mixes completely (becomes isothermal) during the fall.   

esthetic element of a lake as transparent water signifies health and 

leanliness.   

w

 

Warmed water floats over colder deep water that receives little sunlight.  The warm 

upper layer is mixed by wind action and generally has sufficient dissolved oxygen 

because it is in equilibrium (oxygen from the air saturates the water evenly) with the 

atmosphere.  The warm surface water layer is called the Epilimnion.  The cold dark 

bottom water typically loses oxygen during the summer months.  The cold-water layer 

is called the Hypolimnion.  During stratification, those two layers are separated by a 

boundary called the Thermocline, also called Metalimnion or middle layer.  During late 

summer and early fall, water in the lake begins to cool and eventually the whole lake 

becomes isothermal, the same temperature from top to bottom.  Once isothe

la

 

Water temperature measurements collected during this study show the lake develops 

strong stratification beginning in June persisting until September in First Bay, and until 

October in Second and Third Bays.  Thermocline depth was between 6 and 7 meters 

below the surface in each basin between June and September, and at 9 meters in 

October.  No measurements have been made after October so it is no

if

 

Water clarity was measured using a Secchi disk.  Clarity of lake water is one of the 

most fundamental and important aspects of lake condition.  High clarity water is the 

most valued a

c

 

The universal method of measuring water clarity is by the Secchi disk.  Several types 

of disks are used today, but each variation traces back to an all white disk used in 
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1865 by Father Pietro Angelo Secchi, a Jesuit astronomer and science advisor to the 

Pope (Hutchinson, 1975).  He is credited as the first to measure water clarity using a 

lowered disk, so the disk is named for him.  The disk is lowered into the water until no 

longer visible, then slowly raised until visible again, the average of these two depths is 

corded as the Secchi disk depth.   

ater so Secchi disk depth is 

lso related to the quantity of phosphorus in the water.   

ents, or generally, if phytoplankton becomes 

lentiful in one of the three basins.    

Table 1 – 2009 & 2010 Secchi disk depth readings for Highland Lake  
Averaged Data dua lues

re

 

The Secchi disk depth is equal to approximately 10% of the surface light.  That is, the 

depth at which the Secchi disk can no longer be seen is the depth where only about 

10% of the sunlight that falls on the lake surface reaches.  Below the Secchi disk depth 

light penetration tails off exponentially, becoming completely dark, < 1% surface light, 

at about twice the Secchi disk depth.  Light transparency can be lessened by any 

suspended material in the water that increases turbidity.  Very fine silt particles can 

stay suspended in the water column for many days, especially if there is continued 

mixing of the water column.  Commonly however, the decrease in Secchi disk depth is 

attributed to increased abundance of phytoplankton (algae), in the water.  Algae 

growth is a result of higher levels of phosphorus in the w

a

 

Water clarity in 2009 and 2010 was measured in each basin (Table 1).  Table 1 shows 

both the individual measurements from each of the three basins and the average of 

the three readings collected on the same day.  There were slight, but not significant, 

differences in disk readings between basins.  Measuring the Secchi disk depth at each 

of the three basins is recommended however because the differences, although not 

statistically different at this time, may prove to be informative of lake condition 

either specifically, such as during ev

p

 

 Indivi l Basin Va  (m) 

Date M s First  Se d  Third eter Feet  con

4/23/2009 3.4 11.2  3.2 3.5 3.5 

5/28/2009 3.3 10.7  3.3 3.2 3.3 

6/24/2009 3.7 12.2  3.7 3.8 3.7 

7/14/2009 4.0 13.1  4.0 4.0 4.0 
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8/20/2009 4.1 13.6  4.1 4.2 4.1 

9/9/2009 4.4 14.4  4.4 4.3 4.5 

10/6/2009 4.4 14.4  4.3 4.6 4.3 

6/15/2010 4.4 14.3  4.0 4.3 4.8 

7/12/2010 4.3 14.1  4.0 4.2 4.7 

8/11/2010 4.6 15.1  3.9 4.5 5.4 

9/14/2010 4.3 14.2  4.0 4.0 5.0 

  

The Secchi disk depth values measured in 2009 suggest a seasonal trend of increasing 

clarity between April and October with the best reading in September and October and 

poorest in April and May.  Measurements made in 2010 show consistently good clarity 

throughout the summer.  June and July 2010 had clarity 2 to 3 feet better than 

observed during the same months in 2009.  The seasonal trend in water clarity at 

Highland Lake is shown in Figure 2.  The data is shown with zero depth at the top of 

e ‘y’ axis of the graph and increasing water depth going down the chart.   

Figure 2 – Water clarity at Highland Lake during 2009 & 2010 
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The Secchi disk depth at Highland Lake has been measured many times over the years 

with the earliest readings from 1976 (see Table 2).  The record of water clarity at 

Highland Lake beginning in 1976 is shown in Figure 3.  The record shows a wide range 

of clarity readings over the last 35 years, between a low of 8.5 feet and a high of 19 
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feet, although only two values below 10 feet have been recorded.  Between 1985 and 

1995, water clarity averaged 13.6 feet.  There appears to have been an improvement 

in clarity that lasted until about 2002, average Secchi disk depth between 1995 and 

2002 was 15.2 feet.  Since 2002, clarity has appeared to decline to pre 1995 levels.  

Since 2005, there has been only one value greater than 15.2 feet the average value 

etween 1995 and 2002.   

Figure 3 - Secchi disk depth record for Highland Lake 
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Tab  Sec sk h rec 1976 8 ighla ake
Me s Me s Me s 

 
le 2 – chi di dept ord  – 200 for H nd L  
Date  ter Feet Date ter Feet Date ter Feet 

8/1/1976 4.9 16.1 6/26/1991 4.5 14.8 7/7/2000 4.1 13.5 

9/8/1976 4.6 15.1 7/23/1991 3.5 11.5 8/4/2000 5.2 17.1 

   8/22/1991 3.8 12.5 9/7/2000 4.8 15.7 

4/11/1979 4.3 14.1 9/30/1991 4.5 14.8 9/21/2000 4.2 13.8 

8/2/1979 6 19.7       

   6/25/1992 3.5 11.5 7/13/2001 4.8 15.7 

4/29/1980 4 13.1 7/22/1992 5 16.4 7/20/2001 5.5 18.0 

5/27/1980 3.2 10.5 8/20/1992 4.5 14.8 9/13/2001 4.9 16.1 

6/10/1980 4.2 13.8 9/29/1992 4.5 14.8    

7/1/1980 5.9 19.4    7/25/2002 4.9 16.1 

8/12/1980 4.7 15.4 7/29/1993 5 16.4 10/1/2002 4.3 14.1 

9/3/1980 5.2 17.1 8/25/1993 3.5 11.5    

      8/16/2003 4.6 15.2 

9/5/1984 5.5 18.0 7/26/1994 4.8 15.7 6/26/2004 4.4 14.4 

      7/15/2004 5.1 16.7 

8/28/1985 4.3 14.1 8/7/1995 5.3 17.4 7/26/2004 4.6 15.1 

6/9/1985 2.6 8.5 9/1/1995 5.2 17.1 9/14/2004 4.3 14.1 
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4/10/1986 3 9.8 7/24/1996 4.3 14  .1 7/28/2005 4.8 15.6 

   8/26/1996 5.5 18.0 9/1/2005 3.8 12.5 

6/23/1987 3.7 12.1    9/27/2005 4.4 14.5 

7/29/1987 3.9 12 8 . 6/24/1997 3.4 11.2 10/17/200 3.7 12.0 

9/29/1987 3.2 10.5 7/24/1997 4.1 13.5    

   7/29/1997 4.1 13.5 7/27/2006 4.4 14.3 

6/22/1988 4.2 13.8 8/14/1997 4.4 14.4 8/28/2006 4.0 13.1 

7/25/1988 4.5 14.8 9/18/1997 4.3 14.1 9/29/2006 4.2 13.8 

8/25/1988 4.6 15 1 .       

9/30/1988 5.1 16.7 6/30/1998 4.8 15.7 5/31/2007 3.1 10.3 

   7/13/1998 4.9 16  .1 6/26/2007 4.5 14.6 

6/22/1989 3 7/31/2007 4.5 14.6 .5 11.5 8/24/1998 5.6 18.4 

7/25/1989 4.6 15.1    8/30/2007 4.2 13.9 

8/16/1989 4 13 1 . 7/10/1999 4.1 13.5    

9/29/1989 3.2 10.5 7/21/1999 4.5 14.8 6/3/2008 3.8 12.5 

   8/5/1999 5.8 19  .0 6/25/2008 3.6 11.8 

6/19/1990 4 13.1 9/2/1999 5.6 18  .4 8/5/2008 4.0 13.2 

7/25/1990 4.5 14.8    9/2/2008 4.5 14.7 

8/28/1990 4.3 14.1    10/7/2008 3.4 11.3 

9/28/1990 3.6 11.8       

 

Monitoring the seasonal trend of water clarity will be important at Highland Lake in 

the future because it is possible water clarity is in decline.  Decreases in water clarity 

will affect location of the thermocline by causing it to form higher in the water 

column, and by increasing the degree and duration of dissolved oxygen loss in deeper 

ater. 

rmocline, 

with dwindling amounts between the thermocline and the anoxic boundary. 

w

 

The dissolved oxygen content of deeper water has been shown to be decreasing over 

time, (Knoecklein 2008).  Water column measurements of dissolved oxygen show that 

over the past 35 years levels of dissolved oxygen in deeper waters of the lake have 

been decreasing.  Typical summer condition in 2009 was for water below about 22 feet 

in First Bay, 35 feet in Second Bay, and 25 feet in Third Bay to contain no oxygen 

(Table 3).  When water is devoid of dissolved oxygen, it is referred to as anoxic.  In 

lakes, there is a dividing point between water with dissolved oxygen and water 

without.  This point of separation is known as the anoxic boundary, and is depth in the 

water column where dissolved oxygen becomes depleted.  Below the anoxic boundary, 

water is devoid of dissolved oxygen.  Waters above that depth contain varying amounts 

of dissolved oxygen although usually always plentiful for aquatic life.  Typically, 

quantities of dissolved oxygen are sufficient between the surface and the the
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In 2010, dissolved oxygen concentrations were generally better than 2009, with anoxic 

boundary located several feet deeper in each basin.  Table 3 gives anoxic boundary 

locations in each of the three basins measured in 2009 and 2010.  The anoxic boundary 

averaged between 2 and 5 feet deeper in 2010.   

 

Table 3 – Anoxic boundary depths (feet below the surface) at Highland Lake 
during 2009 & 2010 

Date  First Bay Second Bay Third Bay 

6/24/2009 25 46 41 

7/14/2009 23 45 34 

8/20/2009 22 36 25 

9/9/2009 23 35 24 

10/6/2009 none  29 29 

6/15/2010 26 49 43 

7/12/2010 26 45 30 

8/11/2010 25 42 29 

9/14/2010 26 37 29 

 
In addition, deep-water oxygen maximums were observed in 2010 perhaps for the first 

time at Highland Lake.  A deep-water maximum is dissolved oxygen increases in 

deeper water instead of declining.  Figure 4 shows the profile collected from Middle 

Bay on July 12, 2010.  The profile shows dissolved oxygen increasing between 5 and 8 

meters with a maximum concentration of 11.2 mg/L.  The deep-water maximum is 

caused by phytoplankton residing on a density layer where it can grow and 

photosynthesize under low light conditions.  Due to the hydrostatic pressure of the 

water at that depth, the oxygen formed by the photosynthesis remains dissolved in the 

water causing the concentration of dissolved oxygen to increase.   Each of the profiles 

collected in June, July, and August showed deep-water maximums located between 5 

and 8 meters, at or just below, the thermocline.  The concentration occurring in July 

were the highest, with August showing dissipation of the effect.  Because the layer 

was present all summer means that the phytoplankton population was persistent, and 

the thermal structure providing the habitat was stable.  Because it was found at each 

of the basins indicates that it was spread throughout the whole lake.  This is an 

extremely good sign that may help to offset losses of dissolved oxygen in deep water. 
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Figure 4 - Temperature and dissolved oxygen profile from Middle Bay 
collected on July 12, 2010   
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During extreme seasons, both Second and Third Bay have had no dissolved oxygen 

below 20 feet, the anoxic boundary now appears to reach the thermocline regularly 

each season Figure 5.  In contrast to data collected in the 1930’s that showed 

dissolved oxygen was sufficient down to 65 feet.  

 

Figure 5 – Long-term trend of anoxic boundary in Highland Lake 
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The juxtaposition of the anoxic boundary and the thermocline during the 2009 season 

is shown in Figure 6.  The anoxic boundary ascended up into the water column 

reaching the thermocline by July in First Bay, September in Third Bay, and October in 

Second Bay.  The bars, stars and crosses shown in Figure 6 indicate the location of the 

middle of the thermocline, with water above that depth equally mixed.  When the two 

boundaries meet poor water quality occurring in the anoxic water can be mixed into 

the upper water layers.  This becomes critical when dissolved phosphorus in the anoxic 

water leaches across the thermocline, becoming available to phytoplankton. 

 

Figure 6 – Location of thermocline and anoxic boundary in Highland Lake 
during 2009 & 2010 
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Phosphorus  
 

Phosphorus is the nutrient that determines the overall health of lakes.  As phosphorus 

increases plant growth is stimulated.  Higher abundance of algae in the water column 

decreases the penetration of light, linking phosphorus to water clarity.  Phosphorus 

originates principally from the weathering of rocks in the drainage basin.  Watershed 

disturbance releases phosphorus because it is bound tightly with soils, whenever soil 
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erosion occurs phosphorus will be transported with the silt.  All impervious surfaces 

will be a source of phosphorus.  Most domestic waste water systems are a source of 

phosphorus.  Phosphorus is also part of rain and dry fall.  Waterfowl can be source of 

phosphorus if their numbers are high enough.   

 

The total phosphorus results from 2009 and 2010 monitoring of Highland Lake are 

shown in Table 4.  The CT DEP range of phosphorus occurring in oligotrophic lakes is 0 

to 10 parts per billion (ppb) (CT DEP 1982).  A part per billion is also a microgram per 

liter, 1000 times smaller than a milligram per liter.  Values that exceed 10 are 

indicative of declining lake condition.   

 
In 2009, most values, not associated with bottom waters, were less than 10 ppb 

although unusually higher values were recorded in September at First and Second Bays 

at all water depths.  Third Bay showed only slightly higher amounts of phosphorus on 

that date, but still lower than both the First and Second Bays.  The reason that Third 

Bay had lower phosphorus in September may indicate a functional mechanism between 

the lake and the surrounding landscape.  The lower values of phosphorus in September 

may have been due to a continuous inflow of ground water to the lake from the 

southern and western hills.   

 
In 2010, most all values not associated with bottom waters, were less than 10 ppb.  

Some of the middle samples had phosphorus concentrations that exceeded 10 ppb, but 

none of these exceeded 20 ppb.  Middle depth phosphorus may have increased due to 

the phytoplankton that resided there. 
 

Table 4 – 2009 & 2010 phosphorus (ppb) results for Highland Lake 
2010 

First 6/15 7/12 8/11 9/14 Average 
      

Surface 6 6 10 8 8 

Middle 10 9 11 17 12 

Bottom 15 37 13 31 24 

 10 17 11 19  

 

Second 6/15 7/12 8/11 9/14 Average 
      
Surface 6 6 8 6 7 

Middle 8 17 12 10 12 

Bottom 36 25 89 40 48 
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 17 16 36 19  

 
Third 6/15 7/12 8/11 9/14 Average 
      
Surface 6 4 5 6 5 

Middle 8 9 10 6 8 

Bottom 14 23 27 27 23 

 9 12 14 13  

 
2009 

First 4/23 5/28 6/24 7/11 8/20 9/9 10/6 Average 
         

Surface 8 7 8 9 6 37 6 12 

Middle 9 10 9 14 12 27 7 13 

Bottom 7 14 10 35 14 76 6 23 

 8 10 9 19 11 47 6  

 
Second 4/23 5/28 6/24 7/11 8/20 9/9 10/6 Average 
         
Surface 9 10 9 7 5 40 6 12 

Middle 6 7 5 7 7 18 8 8 

Bottom 10 10 9 13 19 21 51 19 

 8 9 8 9 10 26 22  

 
Third 4/23 5/28 6/24 7/11 8/20 9/9 10/6 Average 
         
Surface 9 10 8 6 5 12 6 8 

Middle 9 7 8 8 9 13 8 9 

Bottom 9 9 11 10 16 21 17 13 

 9 9 9 8 10 15 10  

 
Long-term trend in phosphorus at Highland Lake is shown in the next three charts 

(Figure 7).  Phosphorus in Highland Lake is shown beginning in 2000.  Although some 

data exists prior to that year, those values were reported at a detection limit of 10 

ppb, so are inconsistent with newer values that have been reported with a detection 

limit of less than 10 ppb.  In addition, between 2005 and 2006 phosphorus testing was 

switched from Max Water Laboratory to Columbia Environmental Laboratory.  The 

values analyzed by Columbia Environmental Laboratory show a higher level of 

precision, less scatter, as well as a generally lower concentration level.   

 

Total phosphorus in surface water, using the last 5 years, has remained mostly below 

10 ppb.  However, a couple of outliers, sample results that are much higher than all 
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the others, can be noted from the samples collected in September 2009.  The average 

surface concentration (Table 5) appears to be increasing slightly each year, although 

this may not be a solid trend as evidenced by lower average value in 2010.  This 

fluctuation may be normal variation that occurs at Highland Lake, more years of 

sampling will be required to verify this.  Average middle and bottom water phosphorus 

concentrations don’t appear to be increasing.  The variation in average phosphorus 

concentration at the three depths appears to be Top = 6 – 11 ppb, Middle 9 – 17 ppb, 

and Bottom = 18 – 26 ppb.  Future monitoring results should show values remain within 

these ranges.   

 
Table 5 – Average total phosphorus concentrations in Highland Lake 

 Top Middle Bottom 
2006 7.1 16.2 21.2 

2007 7.8 14.2 25.8 

2008 8.0 12.1 20.8 

2009 10.6 9.9 18.5 

2010 6.4 15.4 19.7 

 
The maximum values from each year are given in Table 6.  The maximum 

concentrations from top and middle depths don’t appear to be increasing, but the 

maximum value from 2009, 40 ppb, now stands out as being unusually high, and out of 

range of other values.  Bottom depth concentrations show a possible increasing trend 

in that maximum, in 2010 is roughly twice the concentration observed in 2006.  

However, water samples are drawn from near the bottom of Middle Bay 18 meters, as 

opposed to 15 meters prior to 2010.  This probably accounts for higher bottom sample 

results.  Bottom water will show a seasonal cycle of increasing and decreasing 

concentrations of phosphorus as dissolved oxygen is consumed and than replenished by 

mixing.  When phosphorus concentrations in bottom water begin to increase, the 

anoxic conditions at the bottom are probably becoming more intense.  This trend is 

generally self-perpetuating in that it will cause a negative feed-back loop.   

 
Table 6 – Maximum total phosphorus concentrations in Highland Lake 

 Top Middle Bottom 
2006 11 29 42 

2007 20 33 67 

2008 11 23 59 
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2009 40 27 76 

2010 10 17 89 

Figure 7 – Total phosphorus concentration trends in Highland Lake 
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It is important to determine if surface water concentrations are increasing because 

the values are now at or above the threshold of 10 ppb set by the CT DEP for 

oligotrophic lakes.  Empirical evidence from CT lakes suggests that when TP increases 

above 10 ppb water clarity quickly declines (see Figure 8).  However, the difficultly in 

detecting increasing phosphorus concentration is that year-to-year variation and 

laboratory detection limits cause the values to fluctuate normally over a larger range 

than actual incremental increases.  To see slow trends of increasing phosphorus that 

are concealed by wide annual fluctuation, annual data needs to be collected 

consistently over the long-term.  The position of the Highland Lake data shown in 

Figure 8 suggests that water clarity is lower than would be expected given the low 

level of phosphorus.  With phosphorus between 5 and 15 ppb, Secchi disk depth 

measurements should be better than 5 meters if not 6 meters, instead values range 

between 3 and 4.5 meters, indicating that suspended silt may be causing lower clarity 

readings.   

 

Figure 8 – Empirical relationship between total phosphorus and water clarity 
in CT lakes showing Highland Lake as Red Circles (Frink and Norvell 1984) 
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Aquatic Plant Survey Results 
 

Aquatic plants in Highland Lake were investigated on August 5, 6, & 7, 2009 following 

an application of the herbicide Diquat to 30 acres of milfoil beds on July 9, 2009 (see 

Figure 9).  On August 10, 2010, a limited survey was conducted focusing on 6 key 

areas where aquatic plants were a concern.  The 2009 survey consisted of observing 

the littoral zone along the entire shoreline of the lake, whereas in 2010 only the 

specific areas were visited.   

 

The littoral zone is the shallow water area of the lake that supports rooted aquatic 

vegetation.  Water depths were continuously monitored using an electronic depth 

sounder to identify the width of the littoral zone.  The aquatic plants occurring within 

the boundaries of the littoral zone were identified and growth characteristics 

recorded.  Formal observation points were made using GPS to be later downloaded to 

Google Earth for map creation.  At each formal observation point, all aquatic plant 

species present at that location were identified.  Species presence at each point was 

determined by viewing the community from the boat until all readily identifiable 

species were recorded.  Samples of plants were collected using a modified rake 

attached to a 10-foot extendable pole.  Specimens of species that could not be 

identified in the field were retained for closer examination later.   

 

Waypoints were generally spaced less than 100 feet apart along the shoreline, 

although shorter and longer distances occurred when the plant community changed 

rapidly, showed no change, or there were no plants to observe.  Typically, observation 

points were located equidistant between the shoreline and the outer edge of the 

littoral zone.  However, when the littoral zone was wide, additional points were made 

so that the plant community between the shore and the outer edge of the littoral zone 

was assessed.  Characteristics of beds, such as density, growth to the surface and 

percent composition were recorded at each observation point.  In this way the 2009 

survey consisted of 278 observation waypoints shown in Figure 10, 76 in First Bay, 62 

in Second Bay, and 140 in Third Bay, and 127 waypoints, were made during the 2010 

survey Figure 11, 43 in First Bay, 12 in Second Bay, and 72 in Third Bay.  
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Figure 9 - Map showing Aquatic Control Technologies pre-treatment aquatic 
plant survey results and application areas for herbicide treatments in 2009  
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Figure 10 - Location of waypoints used to survey the distribution of aquatic 
plants in Highland Lake during 2009 
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Figure 11 - Location of waypoints used to survey the distribution of aquatic 
plants in Highland Lake during 2010 

 

 28



Waypoints were generally made in water depths between the shore and about 12 feet 

deep (Figure 12).  Several points were made in deeper water to determine the outer 

edge of the littoral zone, the area of the lake that can support rooted plant growth.   

 

Figure 12 – Number of observation points made at each 1 foot of water 
depth in 2009  
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Aquatic Plant Community Structure 
Aquatic plants are an important part of lake systems.  They support a diverse 

community of organisms, mostly invertebrates that support the food chain in lakes.  

Aquatic plants also intercept runoff, store nutrients, and stabilize sediments.  Aquatic 

plants create habitat for fisheries, providing for spawning, nursery areas for young 

fish, cover from predation, and ambush sites for predators.  Aquatic plants in lakes 

occur in three distinct habitat forms, emergent, floating-leaved, and submersed.   

 

1. Emergent plants are those rooted in shallow water, between 0.5 and 4 feet of 

water, but have a majority of stems and leaves out of the water.  Generally, these 

species grow along natural wetland shorelines where the soils are saturated.  Rarely 

do emergent plants grow in water past about 1 foot of depth.  Species in this group 

include cattails, bulrush, pickerelweed, and phragmites. 
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2. Floating-leaved plants are the water lilies, water shield, and a few of the 

pondweeds.  These plants produce primarily floating leaves with little or no 

underwater leaf development.  Water lilies are generally restricted to shallow waters 

of less than about 6 feet.  A subclass of floating-leaved plants is the tiny free-floating 

plants, duckweed and watermeal.  These tiny plants, less than a quarter of inch in 

size, usually grow near the shore in quite waters.   

 

3. Submersed plants are those that grow entirely underwater growing out to deeper 

waters of the lake.  Submersed plants include Eurasian milfoil and tape grass.  These 

plants are rooted in the sediments reaching various heights into the water column.  

Sometimes submersed plants can reach the water surface to form floating leaves or 

short aerial flowers.  When some submersed plants reach the water surface, the shoots 

spread out and continue to grow forming dense “topped-out” growths.  Eurasian 

milfoil commonly does this.  Two of the pondweeds can do this to a lesser extent, 

large-leaf pondweed and floating-leaved pondweed.  However, most native plants 

develop shoots that remain underwater, unless they grow in very shallow water.   

 

Aquatic plants require sufficient light to grow.  The area of the lake where submersed 

plants can occur is called the photic zone.  This part of the lake is defined as the area 

where sunlight reaches the bottom.  The maximum depth of the photic zone can be 

estimated using the Secchi disk depth by the equation: log MDC = 0.61 log SD + 0.26 

(Canfield et al., 1985).  For Highland Lake, the average Secchi disk depth from all 

basins is 14.3 feet, suggesting the maximum depth plants can grow will be about 14.6 

feet.   

Aquatic Plant Survey Results 
The chart in Figure 13 shows the number of species (also referred to as species 

richness) found at each 1 foot water depth increment.  The highest numbers of species 

found at an observation point was 11, but this occurred only once.  The next highest 

number of species was 7, the average number of species observed at any one point 

was 2.  The number of species present appeared to be unaffected by water depths of 

less than about 12 feet.  At two points where water was 14, and 18 feet deep, traces 

of naiad and tape grass were found.  No plants were found in water deeper than 18 
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feet.  There were 30 points in water depths between 2 and 12 feet where no plants 

were observed indicating that the entire littoral zone is not plant covered. 

 

Figure 13 – Relationship between species richness and water depth from 
2009 survey 
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The complete list of aquatic plant species encountered during the 2009 and 2010 

surveys are given in Table 7.  The table includes both scientific names and common 

names.  Common names are not to be trusted as there can be several common names 

for a particular species and sometimes the same common name can be used for 

several different species.  The table also ranks the observed species by percent 

occurrence.  This number is the number of observation points that the plant was found 

divided by the total number of points (278 in 2009, 127 in 2010).  Also listed are the 

growth forms of the plants as emergent, floating-leaved, or submersed.  There were 2 

emergent species (cattail and purple loosestrife), 1 floating-leaved species (yellow 

water lily), and 28 submersed species for a total of 31 species of aquatic plants in 

2009.  In 2010, 19 species were observed, the same floating leaved species (yellow 

water lily) and one of the two emergent species (cattail). 
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Table 7 – Aquatic plants observed in Highland Lake during 2009 & 2010 
surveys  

Species Name Common Name %  Habitat 

  2009 2010  

Vallisneria americana Tape Grass 43.9 40.2 Submersed 

Najas guadalupensis Southern Naiad 38.1 16.5 Submersed 

Nitella sp. Stonewort 17.3 21.3 Submersed 

Potamogeton amplifolius Large-leaved Pondweed 16.5 4.7 Submersed 

Chara sp. Musk Grass 12.9 4.7 Submersed 

Spirogyra Filamentous algae 9.0 7.9 Submersed 

Sagittaria graminea Arrowhead  8.3 3.1 Submersed 

Potamogeton epihydrus Leafy Pondweed 6.5 0 Submersed 

Potamogeton perfoliatus Clasping-leaved Pondweed 5.4 19.7 Submersed 

Potamogeton vaseyi *** Vasey’s Pondweed 4.3 0 Submersed 

Eleocharis acicularis Spike Rush 4.0 3.1 Submersed 

Najas flexilis Bushy Pondweed 2.9 3.1 Submersed 

Elatine sp. Waterwort 2.5 7.1 Submersed 

Myriophyllum heterophyllum Variable-leaf Watermilfoil 2.5 0 Submersed 

Utricularia sp. Bladderwort 2.5 0 Submersed 

Unknown #2 † ~ 2.2 - Submersed 

Potamogeton pusillus� Small Pondweed 1.8 0 Submersed 

Potamogeton spirillus Spiral-fruited Pondweed 1.8 0 Submersed 

Typha sp. Cattail 1.1 2.4 Emergent 

Nuphar variegata Yellow Water lily 0.7 1.6 Floating 

Najas minor Minor Naiad 0.7 29.1 Submersed 

Lythrum salicaria Purple Loosestrife 0.7 0 Emergent 

Utricularia macrorhiza Great Bladderwort 0.7 0 Submersed 

Utricularia gibba Creeping Bladderwort 0.7 0 Submersed 

Myriophyllum spicatum Eurasian Watermilfoil 0.4 20.5 Submersed 

Unknown #4 ~ 0.4 - Submersed 

Ceratophyllum demersum Coontail 0.4 1.6 Submersed 

Myriophyllum sp. hybrid Watermilfoil 0.4 0 Submersed 

Potamogeton berchtoldii Pondweed 0.4 6.3 Submersed 

Utricularia radiata Floating Bladderwort 0.4 0.8 Submersed 

Fontinalis Aquatic Moss 0.4 0 Submersed 

sp. = not identified to species level  
Bold = Non-native invasive 
*** = Protected species listed as Endangered  
† = Specimens of unknown species have been retained 
� = Now called Potamogeton berchtoldii
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Three invasive aquatic plant species were observed in Highland Lake during both the 

2009 and the 2010 surveys, variable-leaf watermilfoil (Myriophyllum heterophyllum), 

Eurasian watermilfoil (Myriophyllum spicatum), and Minor naiad (Najas minor).  In 

2009, Variable-leaf watermilfoil was found at 5 locations, Eurasian watermilfoil was 

found at 1 location and Minor naiad was found at 2 locations.  In 2010, Variable-leaf 

watermilfoil was not found in the lake, Eurasian watermilfoil was found at 26 

locations, and Minor naiad was found at 37 locations.  Locations where these plants 

were observed in 2009 are shown in Figure 14, and 2010 in Figure 15. 

 
Figure 14 – Locations of Eurasian milfoil (1 - red square), variable leaf 
milfoil (5 - blue circles), and minor naiad (2 – green triangles) in 2009 
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Figure 15  – Locations of Eurasian milfoil (26 - red squares), variable leaf 
milfoil (0 - blue circles), and minor naiad (37 – green triangles) in 2010 
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Additional 2009 Survey Results 
Large-leaf pondweed was one of the most common plants observed in Highland Lake 

with 16.5 % occurrence.  Because this species can easily reach the water surface and 

produced topped out floating leaves and flower stalks, it has a tendency to become a 

nuisance.  The locations where large-leaf pondweed was found are shown on 

Figure16.  One location, shown as a square in Figure 16 had a large patch of dense 

large-leaf pondweed, all other sites had lower density plant beds.   

 
Figure 16 – Locations where large-leaf pondweed was observed in 2009 
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The survey revealed 1 CT State Protected aquatic plant species, Vasey’s Pondweed 

(Potamogeton vaseyi).  This plant is listed as an Endangered Species by the CT DEP.  

Vasey’s pondweed was found at 12 locations as shown in Figure 17.    

 
Figure 17 – Locations where Potamogeton vaseyi was found in Highland Lake 
in 2009 
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Aquatic plants in Highland Lake were found generally to have low growth, there were 

very few areas where plants were dense.  However, southern naiad (native) was found 

blanketing the bottom sediments, and in several places becoming dense.  Locations 

where this plant was common are shown in Figure 18.  There was particularly dense 

naiad in the east cove of First Bay, and the east cove of Second Bay.  Also shown are 

the two sites where yellow water lily was found.  Yellow water lily was the only 

floating leaved species found in Highland Lake, and it was found at only two locations.   

 
Figure 18 – Locations of native Naiad (blue circles), and Yellow water lily (2 
- green balloons) in 2009 
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Inlet Tributary Sampling Results 
 

Selected inlets to Highland Lake were sampled for water chemistry during 2009.  

Three streams on the east side of the lake, named #4, #5, and #9, also had been 

sampled between 2006 and 2007.  These streams were selected for continuous 

monitoring for possible future impacts from development on the eastern ridgeline of 

the watershed of Highland Lake.  Three streams on the west side of the lake, Sucker 

Brook, Taylor Brook, and Platt Hill Brook, were sampled because of their large 

drainage basin size.  Sucker Brook is 1,954 acres, Taylor Brook is 785 acres, and Platt 

Hill Brook is 249 acres, together these three streams compose 2,992 acres or about 

75% of the drainage basin of Highland Lake.  Platt Hill Brook was dry on all but the 

June visit in 2009 when the streams were sampled during a daylong rain event.  This 

unusable condition needs to be investigated.  See Figure 19 for a map showing the 

location of the monitored streams and their basin boundaries.  Average concentration 

of phosphorus and nitrogen and several additional parameters are given in Table 8.   

 

Table 8 – Inflow Water Quality Averages 2006 - 2009 

Stream 
Total 

Phosphorus 
(ppb) 

Ammonia 
(ppb) 

Nitrate 
(ppb) 

Total 
Nitrogen 

(ppb) 
4 17 8 41 242 
5 11 < 10 14 302 
9 30 19 177 535 

Sucker 17 22 82 335 
Taylor 26 12 125 530 

Platt Hill 20 15 82 333 

Stream 
Suspended 

Solids 
(mg/L) 

Conductance 
(umhos/cm) 

Alkalinity 
(mg/L) 

Total Iron 
(mg/L) 

Total 
Manganese 

(mg/L) 
4 5.4 49 18 0.05 0.02 
5 2.6 23 16 0.03 0.02 
9 5.5 56 66 0.24 0.07 

Sucker 4.9 67 53 0.33 0.06 
Taylor 4.3 17 156 0.14 0.03 

Platt Hill 5.3 100 20 0.21 0.02 

 

Each of the streams was sampled for nutrient concentrations and water flow monthly 

between April and August 2009.  Additional parameters were tested quarterly.  The 

raw data from the stream sampling is given in Appendix 1.   
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Phosphorus was lowest in Stream #5 with 11 ppb, and highest in Stream #9 with 30 

ppb.  The three west side streams, Sucker, Taylor, and Platt Hill had average 

phosphorus concentrations between 17 and 26 ppb.  These values are all higher than 

the average surface phosphorus in the lake (10 ppb is the long-term surface water 

phosphorus concentration) suggesting that over time the phosphorus concentration in 

the lake increase.  The higher water flow streams Sucker, and Taylor, are a major 

component of the hydraulic water flow to the lake.  Therefore, the concentration of 

phosphorus in these streams will have a larger influence on the conditions in the lake 

than the smaller streams on the east side.  The lake will tend to exhibit the 

characteristics of the largest streams.  One way to think about this is to project the 

average lake concentration of phosphorus back to these two streams, suggesting that 

mean concentration of the inflow stream water should be no greater than the average 

lake concentration.  This suggests average phosphorus concentration in Sucker, and 

Taylor Brook water should be around 12 ppb, not 20 ppb, as measured during the 2006 

- 2009 testing.  Phosphorus in these streams was high enough to warrant further 

regular testing.  Long-term levels that exceed 10 ppb will cause the lake phosphorus 

levels to increase. 

  

Ammonia concentrations were generally low although some detectable ammonia was 

generally present.  Ammonia should not be present in stream water especially when 

the drainage is mostly wooded.  Ammonia in Stream #5 was consistently below 

detection of 10 ppb, indicating high quality.  Ammonia in Sucker Brook was slightly 

higher than the detection limit, at 20 ppb but this value still represents a low level of 

ammonia nitrogen. 

 

Nitrate levels were generally high in all the streams except #5.  Stream #9 and Taylor 

Brook had highest nitrate, with concentrations between 100 and 300 ppb.  These 

values suggest loading of nitrate to the streams, and should be watched.  Nitrate will 

fuel aquatic plant growth in lakes so may have a contributing influence on plant 

growth at the mouths of these streams. 

 

The organic nitrogen levels were not excessive, so don’t indicate cause for concern at 

this time. 
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The incidental parameters, suspended solids, conductance, alkalinity, total iron, and 

total manganese were all low in the stream waters.    

 

Figure 19 - Drainage Basin of Highland Lake showing the sub-basins of the 
monitored streams 
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Conclusions and Management Plan  
 

In-Lake Monitoring 

Secchi Disk Depth 
Secchi disk depth is a way of estimating the clarity of the water.  A relationship exists 

between water clarity and phosphorus content in the lake.  Higher phosphorus equates 

to decreased clarity.  The clarity of the water determines the depth of sunlight 

penetration and the location of the thermocline formation.  These factors help 

regulate dissolved oxygen content.   

 
Water clarity at Highland Lake has a long-term (1976-2010) average of 4.4 meters, 

with a range of values between 3 meters and 6 meters.  The seasonal average Secchi 

disk depths in 2009 and 2010 were 3.9 and 4.4 meters, respectively.  However, water 

clarity also appears to improve as the season progresses, with poorest readings in the 

spring.  The 2010 seasonal average of 4.4 meters may not be comparable to the 

average of 3.9 meters from 2009 because spring readings were not collected in 2010 

but were incorporated in the 2009 average (see Figure 2).  Water clarity does not 

appear to be in decline with values from 2010 consistent with the long-term mean.  

However, Secchi disk depth should be better based on the low phosphorus content in 

the lake.  Empirical evidence from CT lakes shows that lakes with phosphorus lower 

than 10 ppb have water clarity readings between better than 6 meters.  This suggests 

that inorganic constituents may be a factor in water clarity.  

Suggested Actions 

 1) Continue monitoring water clarity at each of the basins. 

 2) Collect water clarity readings beginning in April and ending in October. 

3) Consider measuring chlorophyll a to determine if phytoplankton is major 

contributing factor in water clarity. 

4) During the summer, measure water clarity at different times of the week to 

see if boat traffic may be causing turbidity due to shoreline erosion. 

5) Conduct shore front inspection to identify areas of active erosion. 

Dissolved oxygen 
Status of dissolved oxygen conditions in Highland Lake are monitored by tracking the 

location of the anoxic boundary in each Bay.  The location of the anoxic boundary 
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gives early warning to dynamics in the lake that indicate increased production and 

possible trophic state changes.  Higher production rates result in more phytoplankton 

growth.  Dead phytoplankton cells settle to the bottom to be decomposed by bacteria, 

which consume dissolved oxygen in the process.  At Highland Lake, drawdown can also 

accelerate loss of dissolved oxygen in bottom waters by transporting material from the 

exposed lake areas to the bottom.  Other mechanisms that transport materials from 

the shoreline to the bottom can also factor into loss of dissolved oxygen.   

 
The anoxic boundary now ascends to the bottom of the thermocline during the 

summer months of August and September. The thermocline is typically located at 7 

meters (23 feet) during the summer.  In 2010, dissolved oxygen conditions improved 

with anoxic boundary between 2 and 5 feet deeper than the last few years.  In 

addition, a deep-water maximum established during the summer in each Bay providing 

further oxygen supplement to the water.    

Suggested Actions 

 1) Continue monitoring dissolved oxygen at each of the three basins. 

2) Collect measurements during early spring, April and late fall, October and 

November to verify that the lake is fully mixed at the beginning and end of 

the season. 

3) Continue to collect evidence that drawdown and oxygen depletion are 

linked.   

Phosphorus  
Surface water phosphorus has routinely been less than 10 ppb over the last several 

years.  The variation in average phosphorus concentration at the three depths, top, 

middle, bottom, appears to be Top = 6 – 11 ppb, Middle = 9 – 17 ppb, and Bottom = 18 

– 26 ppb.  Future monitoring should show results that are within these ranges.  Values 

that exceed the ranges should be considered evidence of increased concentrations in 

the lake suggesting higher loading rates or other factors that might lead to changes in 

lake condition.   

Suggested Actions 

 1) Continue monitoring phosphorus at each of the three basins. 

2) Collect samples from the lake in April for phosphorus analysis to be used for 

modeling of total annual watershed loading. 
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3) Phosphorus is a threat in any form and from any source.  Begin lake front 

home phosphorus audit program to learn how each home shorefront can be 

made phosphorus friendly to the lake. 

4) Begin regular phosphorus monitoring of inlet streams to identify average and 

ranges of incoming phosphorus loads.  Develop acceptable ranges of 

phosphorus for each stream.  Rank streams that have phosphorus 

concentrations that exceed acceptable ranges.  Prioritize streams that will 

require additional testing and study required to choose method of 

remediation.   

5) Limit phosphorus fertilizers within a setback distance from the shore of the 

lake.  Setback distance should include all homes with waterfront and at 

least the first tier homes.   

6) Consider adopting a nutrient allocation regulation for the watershed.  An 

allocation plan is a science-based restriction on development that causes 

increases in phosphorus export from the landscape toward the lake.    

Aquatic Plant Surveys 
Three invasive aquatic plants infest Highland Lake, variable-leaf watermilfoil 

(Myriophyllum heterophyllum), Eurasian watermilfoil (Myriophyllum spicatum), and 

Minor naiad (Najas minor).  Herbicides were applied to selected beds of both milfoils 

in 2009 but not in 2010.  Significantly, more Eurasian milfoil was found in the lake 

during the 2010 survey than in 2009.  In addition, minor naiad was considerably more 

prolific in Sucker Brook Cove in 2010, none was observed there in 2009.  Variable-leaf 

milfoil was not found in the lake in 2010.  A small bed of variable-leaf milfoil was 

removed by hand harvesting from the Sucker Brook Channel, across the road from the 

lake.  Certain native species, Large-leaf pondweed, Clasping-leaf pondweed, and 

Southern Naiad, are common to abundant around the lake.  In some places, these 

plants may present a nuisance.   The state listed protected species Vasey’s Pondweed 

was found in the lake during the 2009 survey.  The distribution of this species will 

need to be fully documented.  

Suggested Actions 

1) Conduct annual aquatic plant surveys of the whole lake to record native 

plant populations and spread/control of invasive species.  These should be 

in addition to pre- or post treatment surveys conducted by the applicator. 
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2) Herbicides have shown to be affective against milfoils, and probably against 

minor naiad as well, but no pre-post data are available for this species from 

Highland Lake.  The only viable alternative to using the herbicide Diquat is 

suction harvesting.  Suction harvesting although providing targeted control 

is 10 - 20X the cost per acre.  Eurasian milfoil is theoretically controlled 

using milfoil weevils, however these are also expensive, have a three year 

lag time prior to observable control, may simply not work, and don’t work 

against any other aquatic plant, including variable-leaf milfoil.   

3) Minor naiad became abundant and dense in Sucker Brook Cove in 2010.  This 

species needs to be controlled.  Drawdown probably is affective control 

strategy over the short term.  A follow-up survey is needed in 2011 to verify 

that the dense beds found in this location were killed by the 2010 – 2011 

drawdown. 

3) Continue monitoring the potentially nuisance native species large-leaf 

pondweed, clasping-leaf pondweed, and southern naiad to determine where 

these plants need to be controlled. 

4) Eventually, map the distribution of the state protected species Vasey’s 

Pondweed in the lake.  Submit a Special Plant Survey Form to CT DEP 

documenting the presence and distribution of Potamogeton vasey in 

Highland Lake. 

Stream Water Monitoring 
Three tributary streams flowing into Highland Lake on the west side account for 75% of 

the water budget of the lake.  The water quality of these streams will govern that of 

the lake.  In addition, there are 9 tributaries on the east side of the lake, and although 

these are much smaller, the water quality is in jeopardy due to potential development 

on the hills of the eastern watershed.  Other streams may exist along the northwest 

that have not been yet investigated.  Nutrient levels of monitored streams has 

fluctuated suggesting occasionally high phosphorus concentrations.  Platt Hill Brook 

has gone completely dry.  The upstream area of this sub-basin should be investigated 

to find out why this has occurred. 

Suggested Actions 

1) Develop a regular stream monitoring program to collect nutrient chemistry 

data from all inflow streams.   
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2) Develop mean and acceptable ranges of phosphorus from each sub-basin. 

3) In stream basins where values exceed acceptable ranges investigate 

upstream areas to find causes of high nutrient loading. 

4) Determine if other tributary streams to Highland Lake exist. 

5) Determine why Platt Hill Brook went dry.  A stream walk would be necessary 

to identify reasons why no water was present in the channel during the 

2009 stream monitoring. 
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Appendix 1 – Stream Sampling Results 2006 – 2007 and 
2009 
  Total Phosphorus (ppb)         

Stream 11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 
4 7 32 20 ~ 10 10 40 
5 4 4 6 ~ 7 3 6 
9 14 23 ~ ~ 25 15 9 

Sucker ~ 8 20 5 10 24 7 

Platt Hill ~ 16 14 5 11 22 ~ 
 

Stream 4/28/2009 5/20/2009 6/18/2009 7/11/2009 8/21/2009 9/25/2009 
4 5 5 54 8     
5 7 2 58 5     
9 11 15 139 19 10  

Sucker 24 8 60 10 9 9 
Taylor 13 9 84 26 13 9 

Platt Hill      53       
 
 Ammonia Nitrogen (ppb)         

Stream  11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 
4 < 10 < 10 < 10 ~ 26 < 10 28 
5 < 10 < 10 < 10 ~ < 10 < 10 < 10 
9 12 26 ~ ~ 51 19 < 10 

Sucker ~ 12 28 31 21 30 30 
Platt Hill ~ 10 17 31 22 < 10 ~ 

 
Stream  4/28/2009 5/20/2009 6/18/2009 7/11/2009 8/21/2009 9/25/2009 

4 < 10 < 10 10 < 10     
5 < 10 < 10 < 10 < 10     
9 13 19 19 < 10 < 10   

Sucker 20 18 < 10 < 10 26 13 
Taylor < 10 < 10 < 10 45 < 10 < 10 

Platt Hill     < 10       
        
  Nitrate Nitrogen (ppb)           

Stream  11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 
4 < 20 < 20 53 ~ 94 118 78 
5 < 20 < 20 < 20 ~ < 20 118 < 20 
9 122 167 ~ ~ 200 230 130 

Sucker ~ 69 156 105 111 77 121 

Platt Hill ~ 106 127 105 105 41 ~ 
        

Stream  4/28/2009 5/20/2009 6/18/2009 7/11/2009 8/21/2009 9/25/2009 
4 < 20 38 < 20 23   
5 34 < 20 < 20 20   
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9 144 220 < 20 320 176  
Sucker 69 62 < 20 74 100 64 
Taylor 135 106 < 20 117 230 152 

Platt Hill   < 20    

  TKN (ppb)            
Stream  11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 

4 250 219 110 ~ 193 167 455 
5 280 103 100 ~ 154 167 64 
9 200 284 ~ ~ 310 241 173 

Sucker ~ 84 244 260 230 375 166 

Platt Hill ~ 230 180 163 154 250 ~ 
 

Stream  4/28/2009 5/20/2009 6/18/2009 7/11/2009 8/21/2009 9/25/2009 
4 111 91 660 < 20     
5 46 160 1500 69     
9 170 255 1380 152 230   

Sucker 300 230 525 173 163 200 
Taylor 215 200 1540 150 131 195 

Platt Hill     860       
 
  Suspended Solids (mg/L)         

 Stream 11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 
4 3.5 16 6 ~ 3.5 2.7 9 
5 0.9 1.5 4 ~ 4 2.4 1.1 
9 4.5 1.5 ~ ~ 11 4.8 4 

Sucker ~ 1.5 5 2.3 8 6.5 4 

Platt Hill ~ 4.5 6 0.7 3 12.5 ~ 
 

Stream  4/28/2009 8/21/2009 
4 0.5   
5 2.5   
9 7 4 

Sucker 9.5 1.5 
Taylor 4.5 4 

Platt Hill ~ ~ 
       
  Conductance umhos/cm          

 Stream 11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 
4 59   64 ~ 68 48 77 
5 25   26 ~ 26 21 28 
9 102   ~ ~ 61 57 113 

Sucker ~   106 133 74 46 106 

Platt Hill ~   108 168 81 43 ~ 

 
Stream  4/28/2009 8/21/2009 

4 4 ~ 
5 18 ~ 
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9 26 32 
Sucker 16 24 
Taylor 16 18 

Platt Hill ~ ~ 

 
  Alkalinity (mg/L)           

 Stream 11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007
4 15   19 ~ 10 ~* 20 
5 2   2 ~ 2 ~ 5 
9 19   ~ ~ 10 ~ 25 

Sucker ~   15 15 8 ~ 20 

Platt Hill ~   20 22 18 ~ ~ 

  * = lab error: forgot to run alkalinity on 4-18-07 samples    
 

Stream  4/28/2009 8/21/2009 
4 26   
5 59   
9 114 119 

Sucker 105 122 
Taylor 146 165 

Platt Hill ~ ~ 
        
  Total Iron (mg/L)     
 Stream 11/30/2006 3/29/2007 4/28/2009 8/21/2009 

4 0.036 0.07 0.05   
5 0.017 0.038 0.03   
9 0.23 0.22 0.23 0.26 

Sucker ~ 0.12 0.43 0.45 
Taylor   0.14 0.14 

Platt Hill ~ 0.21     
        
  Total Manganese (mg/L)   
 Stream 11/30/2006 3/29/2007 4/28/2009 8/21/2009 

4 0.016 0.019 0.034   
5 0.017 0.031 0.017   
9 0.09 0.06 0.07 0.06 
          

Sucker ~ 0.032 0.07 0.08 
Taylor   0.031 0.034 

Platt Hill ~ 0.023     
        
  Zinc (mg/L)     
 Stream 11/30/2006 3/29/2007 4/28/2009 8/21/2009 

4 < 0.01 0.021 < 0.01   
5 < 0.01 0.018 < 0.01   
9 < 0.01 0.014 < 0.01 < 0.01 

Sucker ~ 0.017 < 0.01 < 0.01 
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Taylor   < 0.01 < 0.01 

Platt Hill ~ 0.01     
 
  Copper (mg/L)     

 Stream 11/30/2006 3/29/2007 4/28/2009 8/21/2009 
4 0.03 0.057 0.052   
5 0.029 0.057 0.07   
9 0.025 0.037 0.05 0.048 

Sucker ~ 0.041 0.022 0.03 
Taylor   0.029 0.037 

Platt Hill ~ 0.051     
        
  
 Water Flow (cfs)          
        
 Stream 11/30/2006 12/29/2006 1/31/2007 2/28/2007 3/29/2007 4/18/2007 5/24/2007 
4 0.04 0.03 0.02 ~ 0.14 0.11 0.02 
5 0.03 0.04 0.02 ~ 0.45 0.39 0.01 
9 0.27 0.12 ~ ~ 0.54 0.42 1.76 
Sucker * ~ 3.5 3.9 2.5 13.8 ^ 2.5 
Platt Hill ~ 0.05 0.14 0.13 0.13 0.25 0 
   
 Water Flow (cfs)         
 Stream 4/28/2009 5/20/2009 6/18/2009 7/11/2009 8/21/2009 9/25/2009 
4 0.094 0.022 0.467 0.035 0 0 
5 0.028 0.038 1.20 0.006 0 0 
9 0.156 0.167 4.70 0.073 0.004 0 
Sucker * 2.00 1.2 ^ 1.6 0.4 0.4 
Taylor 1.246 2.925 25.35 1.733 0.875 5.3 
Platt Hill 0 0 0.311 0 0 0 
 * The Sucker Brook channel has two V notch weirs that are in disrepair 
 ^ Water in Sucker Brook over-topped weirs 

 
First Round of Stream Samples = All East Side Streams, November 30, 2006 

Stream # 

Total 
Phosphorus 

ppb 

Ammonia 
Nitrogen 

ppb 

Nitrate 
Nitrogen 

ppb 

TKN 
Nitrogen 

ppb 
Alkalinity 

ppb 
Conductance 

mmhos 
Turbidity 

NTU 

Total 
Suspended 

Solids 
mg/L 

1 12 < 10 107 127 19 148 1.6 4.5 
2 21 < 10 183 200 17 78 2.4 5.2 
3 63 20 < 20 235 6 35 1.1 5.5 
4 7 < 10 < 20 250 15 59 0.43 3.5 
5 4 < 10 < 20 280 2 25 0.38 0.9 
6 5 < 10 < 20 320 4 35 0.51 6.3 
7 188 188 < 20 460 7 38 0.7 7.3 
8 12 < 10 46 215 17 73 2.2 36.0 
9 14 12 122 200 19 102 3.1 4.5 

 

Stream # 
Copper 
mg/L 

Zinc 
mg/L 

Total Iron 
mg/L 

Total 
Manganese 

mg/L 

 
Water Flow 

cfs 
1 0.030 <0.01 0.060 0.012 0.003 
2 0.030 <0.01 0.700 0.051 0.015 
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3 0.035 <0.01 0.037 0.015 0.000 
4 0.030 <0.01 0.030 0.016 0.044 
5 0.029 <0.01 0.017 0.017 0.051 
6 0.062 <0.01 0.024 0.038 0.055 
7 0.031 <0.01 0.014 0.025 0.028 
8 0.027 <0.01 0.160 0.050 0.003 
9 0.025 <0.01 0.230 0.090 0.050 

 
Stream # Acres 

1 18.0 
2 21.0 
3 3.0 
4 10.2 
5 19.9 
6 27.8 
7 19.7 
8 45.2 
9 84.6 
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