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INTRODUCTION 
 

The Vermont Lay Monitoring Program (LMP) is a citizen participation program in which 

volunteers are trained and equipped to conduct periodic water quality sampling on lakes.  Since the 

initiation of the program in 1979, the principal objectives have been to accumulate an accurate water 

quality database on lakes and to inform lake residents about lake protection and biology.  In detail, the 

goals of the program are: 

1. to provide a perspective on the range of water quality conditions on Vermont lakes; 

2. to describe water quality conditions on each lake participating in the Program; 

3. to provide data useful in developing statistical eutrophication models for Vermont 

lakes; 

4. to establish a database on each lake useful for documenting future changes in water 

quality; 

5. to educate and involve lake residents in lake protection. 

 

The Lay Monitoring Program was begun by the Vermont Department of Environmental 

Conservation (DEC) with an initial participation of 32 lakes and 19 Lake Champlain stations.  Since 

then participation has increased to include a total of 92 lakes and 40 Lake Champlain stations. Figure 1 

shows the total number of inland lakes 

and Lake Champlain stations sampled 

under the LMP each year since 1979.    

 

Figure 1. Total Number of  

Participating LMP Lakes  

or Stations Per Year 
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Lay Monitoring Program Annual Update: The Vermont Shoreland Protection Act 
 
Effective July 1, 2014, the Vermont Legislature passed shoreland regulations that apply to 

activities within 250 feet of a lake’s mean water level for all lakes greater than 10 acres in size. The 
Shoreland Protection Act (Chapter 49A of Title 10, §1441 et seq.) establishes a new state regulation 
for guiding shoreland development. The intent of the Act is to prevent degradation of water quality 
in lakes, preserve habitat and natural stability of shorelines, and maintain the economic benefits of 
lakes and their shorelands. The Act defines clear standards for the creation of buildings, driveways, 
and cleared areas in shorelands. The Act seeks to balance good shoreland management and 
shoreland development.  

The Shoreland Protection Act recognizes that many shoreland properties in Vermont are 
already developed or are small lots that cannot meet the new standards. These properties are 
“grandfathered” until the owner proposes redevelopment. In these cases state officials will work 
with homeowners so that standards are met to the extent possible. The table below summarizes the 
standards in the Act. 
 

What the Act Regulates Why 

Maintenance of Natural Vegetation 
 
Naturally vegetated areas within 100 
feet of the mean water level must be 
maintained as such. 

• A wooded shoreland is essential for a healthy lake 
ecosystem. Most animal and plant life in a lake 
spend all or some of their life cycle in the shallow 
water, along a lake’s shore. 

• A buffer of natural vegetation absorbs and filters 
runoff from uphill land uses much more 
effectively than lawn. 

• Tree roots, trunks, and branches hold the bank 
together, protecting against erosion as well as 
shade the shallow waters.   

Limits on Man-Made Hard Surfaces  
 
The Act establishes a maximum of 
20% impervious surface coverage. 

Hard surfaces (roofs, driveways, decks, etc.) result in 
increased runoff during rain storms. Increased runoff can 
result in erosion, and lessens absorption and filtration 
functions of the natural vegetation. 

Limits on Cleared Areas  
 
The Act establishes a maximum of 
40% cleared area coverage. 

Clearing the shoreland of its natural vegetation, increases 
stormwater runoff and reduces the lake’s natural defense 
in protecting itself from pollution, eroding banks, and 
creating degraded habitat.  

Limits on Building on Steep Slopes  
 
Special practices are required for 
building on slopes greater than 20%. 

Steeper slopes are more prone to erosion and instability, 
and therefore a wider Woodland Zone, and/or other Best 
Management Practices are required to help reduce these 
impacts.  

 
 For more information, contact the Vermont Agency of Natural Resources, Department of 
Environmental Conservation, Watershed Management Division, Lakes and Ponds Shoreland Permit 
Program, 1 National Life Dr., Main 2, Montpelier, VT 05620.  

 
Webpage:  www.watershedmanagement.vt.gov/lakes.htm  
Email: ANR.WSMDShoreland@state.vt.us   Phone: 802-490-6196
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SECTION 1. THE PARAMETERS THE LMP USES TO MEASURE 

WATER QUALITY 
 

 The Lay Monitoring Program is concerned with measuring water quality as it relates to increased 

nutrient enrichment of lakes.  Nutrient enrichment caused by human activities is the primary threat to 

Vermont lake water quality. 

A variety of conditions may occur in a lake which is experiencing declining water quality due to 

excessive cultural nutrient enrichment.  Nutrients in the water stimulate algae and rooted plant growth 

and the lake's "productivity" increases.  As a result, the algae growth decreases water clarity and in 

some cases causes foul odors.  Excessive rooted plant growth can interfere with boating, swimming, 

fishing, and other recreational uses.  As these plants and algae die each year, they fall to the bottom, 

adding to the lake sediments.  When the natural environment of a lake is altered, the types of fish and 

other wildlife the lake supports may also change. 

In order to determine a lake's water quality, or productivity, the LMP measures the Secchi water 

clarity and the chlorophyll-a and total phosphorus concentration. 

 

Water Clarity: Secchi Disk Transparency 

The Secchi disk reading is a measure of the clarity of lake water.  The 

transparency of a lake's water is directly related to the amount of materials 

suspended in the water.  Particulate matter, such as algae or silt, limits light 

penetration and reduces the water's clarity (Figure 2).  Therefore, a Secchi disk 

transparency reading is a rough indication of a lake's water quality in terms of 

nutrient enrichment. 

Some Vermont lakes have naturally "tea" colored water.  This is very common in beaver ponds 

and in acidic lakes in some areas of the state.  The color is due to the presence of dissolved organic 

acids, and can reduce the water's clarity.  However, water color is not a major factor in most Lay 

Monitoring lakes.  Other variables unrelated to nutrient enrichment can also influence the Secchi 

disk transparency reading, such as wave action and light reflection.  These two variables can be 

minimized by sampling on calm days and taking the Secchi disk reading off the shaded side of the 

boat.   

On a few of the Lay Monitoring inland lakes and Lake Champlain stations, the Secchi disk is 

often still visible at the bottom of the lake.  If on a particular lake the Secchi disk is viewed to the 

bottom at 5 meters, this should be interpreted to mean the Secchi disk transparency is at least 5  
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meters.  Such measurements are not an actual measure of water clarity (since the real reading would 

be deeper), and useful summer averages cannot be calculated. 

The Secchi disk is widely used as a basic water quality indicator, and a Secchi disk 

transparency reading can often be related to the trophic state of a lake.  An oligotrophic (deep, 

coldwater) lake usually has very clear water and therefore a deep Secchi disk reading.  In contrary, a 

eutrophic (shallow, warmwater) lake usually supports large populations of algae and therefore has a 

shallow Secchi disk transparency reading.  (The relationship between Secchi water clarity and 

chlorophyll-a, and Secchi water clarity and total phosphorus is shown in Figures 4 and 5. 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 2.  How Secchi Disk Measures Water Clarity  
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Clear lake having small algal 
population results in deep 
Secchi disk water clarity 
readings. 

Turbid lake having large algal 
population results in shallow 
Secchi disk water clarity 
reading. 
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Chlorophyll-a Concentration 

 Algal populations in a lake can be quantified by 

measuring the amount of chlorophyll-a in a water sample.  

Chlorophyll-a is the photosynthetic green pigment contained in 

all types of algae and other green plants.  The amount of 

chlorophyll-a present in a water sample is directly proportional 

to the amount of algae living in the water.  In the course of a 

year, algal populations normally follow a classic successional 

pattern from a peak population of diatoms (a group of algae which use silica to form glass shells for 

support and protection) in early spring to a variable summer algal population to a peak population of 

blue-green algae in the fall.  The magnitude of the populations and the diversity of the species 

composition depend on factors such as the degree of nutrient enrichment in the lake and prevailing 

weather conditions. 

Theoretically, if the Secchi disk transparency is related to the amount of particulate matter 

suspended in the water, it should also be related to the chlorophyll-a concentration of the water.  If 

all other factors are constant, as algal populations and chlorophyll-a concentrations increase, the 

Secchi disk transparency should decrease.  However, this relationship does not always hold true 

because Secchi disk transparency is influenced by several factors and because algal populations often 

inhabit water levels below the Secchi disk depth, thereby causing higher chlorophyll-a concentrations 

without affecting Secchi disk transparency. 

The chlorophyll-a concentration can often be related to the trophic state of a lake.  An 

oligotrophic lake usually supports a small algal population and therefore has a low chlorophyll-a 

concentration.  Conversely, a eutrophic lake usually supports large populations of algae and therefore 

has a high chlorophyll-a concentration.  (The relationship between chlorophyll-a and Secchi water 

clarity, and chlorophyll-a and total phosphorus is shown and explained in Figures  4 and 6.) 

 

 

 
 
 
 
 
 
 
 

algae under microscope 
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Phosphorus from  
atmospheric 
deposition 

Phosphorus 
from soil and 
rock particles 

Phosphorus from 
decayed animal and 

plant material 

Algae and plants use 
phosphorus, die, decay, 

and release it 

Phosphorus from 
landuse runoff 

Fish eat plants, die, 
returning phosphorus 

to the lake 

Total Phosphorus Concentration 

By measuring the amount of nutrients in the water, the LMP measures the variable which most 

directly influences water quality.   Phosphorus is the nutrient in shortest supply in Vermont  

lakes, therefore it is the one most likely to stimulate productivity, and the best nutrient to measure to 

track changes in productivity.  Total phosphorus includes all the different chemical forms of 

phosphorus and measuring total phosphorus is an indication of the amount of phosphorus which is 

potentially available for algal growth. 

Phosphorus enters a lake from a variety of sources such as rainfall, incoming streams, land 

runoff, ground water, and direct discharges.  Within a lake, phosphorus that has accumulated in the 

bottom sediments may become re-suspended in the water under anaerobic (no oxygen) conditions.  

The phosphorus entering a lake can be derived from both natural and cultural sources.  Phosphorus is 

contributed naturally to aquatic environments by the decomposition of organic matter and the erosion 

of phosphorus containing soils.  Culturally, phosphorus is contributed to a lake system by people's 

activities in the drainage basin (Figure 3). 

Figure 3. Sources of Phosphorus 
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Under natural conditions, the majority of phosphorus contributed to a lake system enters the 

lake during the spring when the flow of inlet streams is high due to snowmelt and spring rains.  

Cultural nutrient inputs, on the other hand, may occur at any time of the year.  While the lake is in 

spring overturn, just after ice-out, the incoming phosphorus is distributed evenly throughout the lake. 

 At this time, the total phosphorus concentration in a lake can be used to predict the amount of algal 

growth that will occur in the lake during the summer. Total phosphorus concentrations measured 

during the summer, on the other hand, reflect the amount of phosphorus contained in algae in the 

water, as well as the amount of phosphorus which is still available to the algae.  Thus, spring total 

phosphorus concentration is related to the potential algal growth which will occur in a given season, 

while summer total phosphorus concentration is related to the algal growth occurring on a given 

sampling day, as well as the potential for future algal growth. 

Theoretically, total phosphorus concentration should be directly related to chlorophyll-a 

concentration and indirectly related to Secchi disk transparency.  Hence, total phosphorus 

concentration is related to the trophic state of a lake.  An oligotrophic lake usually receives small 

amounts of total phosphorus in the spring and exhibits low total phosphorus concentrations 

throughout the summer.  In turn, a eutrophic lake usually receives large quantities of total 

phosphorus in the spring and exhibits high total phosphorus concentrations throughout the summer.  

(The relationship between total phosphorus and Secchi water clarity, and total phosphorus and 

chlorophyll-a is shown in Figures 5 and 6.) 

Although spring total phosphorus is sampled on many Lay Monitoring lakes, it is not collected 

from Lake Champlain. Summer total phosphorus is measured on Lake Champlain, as the phosphorus 

distribution in such a large lake is a dynamic system, which cannot be measured by sampling only 

during spring overturn.  The dynamic system in Lake Champlain results from the constant 

redistribution of phosphorus via currents and mixing patterns in the lake, and from continual 

phosphorus inputs via the lake's tributaries and point source discharges such as sewage treatment 

plants. 
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 SAMPLING OVERVIEW 

The Lay Monitoring Program is divided into several sampling regimes.  Each Lake Champlain 

monitor samples one of 42 stations, while "inland" lake (lakes other than Lake Champlain) monitors 

typically sample two stations per lake.  Basic monitors measure Secchi disk transparency on a 

weekly basis.  Supplemental monitors, which include all Lake Champlain monitors, sample Secchi 

disk transparency and chlorophyll-a and total phosphorus concentrations.     

 

 
SAMPLING REGIME 

 
Station #1 

 
Station #2 

 
Secchi 

 
Chlorophyll-a 

 
Phosphorus 

 
Secchi 

 
Basic 

 

 
  X 

 
Supplemental X X X X 

 
Champlain X X X X 

 

 

Basic monitoring of water clarity provides a good indication of water quality conditions.  

Supplemental monitoring is generally performed on inland lakes which have one or more of the 

following characteristics:  

1) the lake is new to the program and chlorophyll-a and total phosphorus base line  
 information is desired,  
 

2) the lake has a history of water quality problems, or  
 

3) a diagnostic study has been performed on the lake and restoration measures  
 have been implemented. 
 
 SAMPLING PROCEDURES 
 
Water Clarity (Secchi disk transparency) 

Water clarity is measured using a Secchi disk, a metal disk painted with two black and two 

white quadrants.  The Secchi disk is lowered slowly into the water and the lowest depth at which it is 

still visible is the Secchi disk transparency reading.  Measurements are read in meters  

(1 meter = 3.3 feet) from a marked line attached to the center of the disk. 
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Algal Population Density (chlorophyll-a concentration) and Nutrient Enrichment (total 

phosphorus concentration) 

Supplemental monitors, in addition to taking Secchi disk readings, also collect water samples to be 

analyzed for chlorophyll-a and total phosphorus concentrations.  Water samples are collected (in 

duplicate) by using a weighted garden hose, measured along its length in meters.  The hose is lowered 

straight down into the water to a depth twice the Secchi disk reading.  In this way a composite sample 

from the water's surface to the depth of the hose is contained in the hose.  The hose is crimped shut at the 

water's surface and pulled up by reeling in a rope attached to the lower weighted end.  When the weighted 

end is brought into the boat, the crimp is released and the water is emptied into a bucket.  The appropriate 

bottle is filled with the water, and the hose is lowered once again in order to collect the duplicate sample. 

Upon returning to shore, the monitor sets up a "home laboratory."  The chlorophyll-a water samples 

are filtered through a simple filtration unit.  The algae, and therefore the chlorophyll-a contained in the 

algae, are retained on the filter.  The filter is folded, labeled and frozen.  The phosphorus sample collected 

in a test tube, is stored on a shelf away from bright light.  Chlorophyll-a samples are taken in duplicate, 

total phosphorus samples are not.  Every two weeks the chlorophyll-a filters and phosphorus test tubes are 

picked up by LMP staff and transported to the Vermont DEC Laboratory in Waterbury for analysis.   

Chlorophyll-a concentration is analyzed using fluorometric determination.  Total phosphorus is 

analyzed by the colorimetric, automated ascorbic acid method. 
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Secchi Water Clarity Long-Term Means 
 
 These graphs show the long-term mean for the inland lakes and Lake Champlain stations that 

participated in the LMP during 2013.  Annual summer means are calculated from at least eight samples. 

Long-Term Means are based on averaging all the annual summer means. Some lakes or stations have 

been sampled since 1979 when the Lay Monitoring Program first started.  The lakes (or stations) are 

ranked in order of increasing Secchi disk transparency with the lakes (or stations) with the lowest clarity 

on the left side and the graph and those with the greatest clarity at the right side of the graph. The 

groupings of “low,” “moderate,” and “high” are based on the range of clarity readings recorded in 

Vermont over the last 30 years. 

 

moderate 
3.0 - 5.5 meters 

low 
0 - 2.9 meters 

high 
> 5.5 meters 

low 
0 - 2.9 meters 

moderate 
3.0 – 5.5 meters 
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Chlorophyll-a Long-Term Means 
 

These graphs show the long-term mean for the inland lakes and Lake Champlain stations that 

participated in the LMP during 2013.  Annual summer means are calculated from at least eight samples. 

Long-Term Means are based on averaging all the annual summer means. Some lakes or stations have 

been sampled since 1979 when the Lay Monitoring Program first started.  The lakes or stations are ranked 

in order of increasing chlorophyll-a concentrations with the lakes or stations with the lowest chlorophyll-a 

levels on the left side of the graph and those with the greatest chlorophyll-a levels on the right side of the 

graph. The groupings of “low,” “moderate” and “high” are based on the range of chlorophyll-a 

concentrations sampled in Vermont over the last 30 years. 

 

Moderate 
3.5 - 7.0 µg/l 

High 
> 7.0 µg/l 

Low 
0 - 3.4 µg/l 

High 
> 7.0 µg/l 
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Total Phosphorus Long-Term Means 
 
 These graphs show the long-term mean for the inland lakes and Lake Champlain stations that 

participated in the LMP during 2013.  Annual summer means are calculated from at least eight samples. 

Long-Term Means are based on averaging all the annual summer means. Some lakes or stations have 

been sampled since 1979 when the Lay Monitoring Program first started.  The lakes or stations are ranked 

in order of increasing total phosphorus concentrations with the lakes or stations with the lowest 

phosphorus levels on the left side of the graph and those with the greatest phosphorus levels on the right 

side of the graph. The groupings of “low,” “moderate,” and “high” are based on the range of total 

phosphorus concentrations sampled in Vermont over the last 30 years. 

Moderate 
7.0-14.0 µg/l 

High 
> 14.0 µg/l 

High 
> 14.0 µg/l 

Moderate 
7.0-14.0 µg/l 
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THE RELATIONSHIP OF LMP WATER QUALITY PARAMETERS 
 

Figures 4-6 present the relationship of the Lake Champlain long-term data.  The parameters 

sampled, Secchi disk transparency, chlorophyll-a, and total phosphorus are graphed against each other in 

order to observe how they are related to, and affected by, each other.  Using the lake station data, three 

graphs were created: Secchi water clarity versus chlorophyll-a concentration; Secchi water clarity versus 

total phosphorus; and chlorophyll-a concentration versus total phosphorus. 

 Figure 4 below shows the relationship between Secchi water clarity and chlorophyll-a 

concentration, as mapped from the long-term Lake Champlain means.  Each data point represents the 

Secchi/chlorophyll-a relationship for one station.  In general this graph shows that when the chlorophyll-a 

concentration increases, there is a decrease in Secchi water clarity, as would be expected. 

 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Indicates trend 
 

 

 

Figure 4. Long-Term LMP Means for Lake Champlain 
Chlorophyll-a vs. Secchi Water Clarity 
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Figure 5 portrays the relationship between Secchi water clarity and total phosphorus, as pictured 

from the long-term LMP means for Lake Champlain.  Each data point represents the Secchi/total 

phosphorus relationship for one station.  As would be expected, the graph shows that as the total 

phosphorus concentration increases, the Secchi disk water clarity decreases.  

 Figure 5. Long-Term LMP Means for Lake Champlain 
Total Phosphorus vs. Secchi Water Clarity 

  
Figure 6 shows the relationship between chlorophyll-a and total phosphorus, as graphed from the 

long-term LMP means for Lake Champlain.  Each data point represents the chlorophyll-a/total 

phosphorus relationship for one station.  In general, as the total phosphorus concentration increases, 

the chlorophyll-a concentration also increases.  

 
Figure 6. Long-Term LMP Means for Lake Champlain 

Total Phosphorus vs. Chlorophyll-a 

Indicates trend 

Indicates trend 
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 LAY MONITORING DATA ANALYSIS 
A data analysis is conducted on all of the Lay Monitoring lakes and Lake Champlain stations.  This 

analysis consists of: 

1. calculating the summer annual means for each parameter sampled; 
 
2. showing and comparing the long-term means for the inland lakes and Lake Champlain stations 
 
3. designating the trophic state (eutrophic, mesotrophic, and oligotrophic) of each lake or Lake 

Champlain segment (see Figures 8-9) based on the long-term means of each parameter sampled. 
        
       Data analysis on inland lakes additionally involves: an evaluation of how many years of data are 

needed on each lake in order to establish the best possible database within a reasonable number of years.  

A database should describe current water quality conditions with enough accuracy to be useful in 

statistical analyses. 

1. Summer Annual Means 

The reliability of summer annual means for each water quality parameter depends on the sampling 

technique of the monitors and the frequency of the sampling.  A summer average calculated from many 

samples of Secchi disk transparency, chlorophyll-a concentration, and total phosphorus will be more 

reliable and representative of the station’s water conditions than an average determined from just a few 

samples.  Summer averages based on sparse, inconsistent, or scattered sampling are considered weak and 

are not truly comparable with other stations (or lakes) or with other years.  If a station was sampled seven 

weeks or less, then no annual means are calculated will not appear in the individual lake Annual Means 

Tables as such. Therefore, results presented in the Annual Data Tables of this report are considered 

reliable and truly representative of the water conditions.  Since partial data sets may contain useful 

information, a record of which years each lake or station has been sampled is included in Appendix 1. 

2. Comparison of Long-Term Means Between Stations and/or Lakes 

The comparison between lakes and/or stations based on long-term means is presented on pages 11-

13.  The graphs show the Lay Monitoring lakes and the Lake Champlain stations according to the long-

term mean for each of the parameters sampled.  The stations and lakes are grouped, for purposes of 

comparison among themselves, into three general divisions:  high, moderate, and low.  The stations or 

lakes falling within the same division may be considered to have a similar degree of nutrient enrichment.  

3. Trophic State 

 (See discussion of Lay Monitoring Data Applications on page 18.)    
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Sampling Sites within the Lake Champlain Basin 
 

 

Figure  7.  Shaded areas represent the 17 largest watersheds in Vermont.                                        
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LAY MONITORING DATA APPLICATIONS 

       The Lay Monitoring data measure lake nutrient enrichment.  All lakes evolve through the process of 

eutrophication as they experience ongoing nutrient enrichment.  Eutrophication is a lake's natural aging 

process whereby nutrients and sediments increase in the lake over time, increasing its productivity.  A 

major emphasis of water quality management is to protect the natural process of eutrophication from the 

influences of culturally accelerated eutrophication.  Lay Monitoring data help to detect culturally 

accelerated eutrophication, which occurs when the rate of nutrient enrichment increases because of human 

activity in a lake's watershed. (Figure 7 shows the size of Lake Champlain’s watershed.)   

       Data from the Lay Monitoring Program show that lakes exhibit natural fluctuations in nutrient 

concentration from year to year.   However, monitoring results can be used to detect significant, rapid, or 

smaller long-term increases in nutrient loading, which would most likely indicate cultural eutrophication. 

Lay Monitoring information helps to identify the changes in nutrient loading and alerts communities and 

lake residents to take corrective actions to prevent problems with their lake water quality.      

Uses of Lay Monitoring Data 
●Determining Water Quality Trends 
Lay Monitoring data is used to establish the baseline conditions of a waterbody. These data can also be used to identify water 
quality improvement or degradation over time.    
●Water Quality Assessments 
Lay Monitoring data have been used to develop water quality assessments for Vermont’s biennial “305(b) Report” 
to the U.S. Congress, named after the section of the Clean Water Act that requires the report. Data used for this 
purpose are evaluated in accordance with Vermont’s Water Quality Assessment and Listing Methodology.  
●Impaired and Priority Waters Listings 
Following the development of water quality assessments, certain waters are “listed” based on the available data, 
which can include Lay Monitoring data. The federal Clean Water Act requires states to prepare a biennial list of      
waters that do not meet Water Quality Standards due to pollutants. This list of impaired (polluted) waters is called 
the “303(d) list,” after the section of the Clean Water Act that requires the list. Vermont also prepares a list of waters 
that are state priorities for further study or remediation that do not fall within the limited scope of the 303(d) list. The 
state priority waters list includes, among others, waters in need of further assessment and waters altered by exotic 
species, flow regulation, or channel alteration. Data used for listing purposes are evaluated in accordance with 
Vermont’s Water Quality Assessment and Listing Methodology.  
●Legislative Process 
Lay Monitoring data have been used in the legislative process and for the development of water quality standards. Data used 
for this purpose must be documented as quality-assured and based on reliable and reproducible field and analytical methods. 
●TMDL (Total Maximum Daily Load) 
Lay Monitoring data have been used for developing pollution control plans (so-called TMDL analyses) required for all 
impaired waters on Vermont’s 303(d) list.   
● Federal Funding for Remediation 
Lay Monitoring data have been used to obtain federal funding for remediation projects. Funds go towards projects that cleanup 
waters with documented water quality problems. The highest quality data will carry the greatest weight when such data are used 
to direct remediation funds.   
●Red Flag 
Lay Monitoring data has been used to identify waters where water quality is questionable and requires more in-depth study.  
Once these waters have been brought to the attention of state and academic parties, professionals can conduct more rigorous 
research and monitoring.  
 
 Presented below are two applications of Lay Monitoring data on Lake Champlain.  
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A.  Trophic States of Lake Champlain 

       Limnologists recognize that lakes naturally 

change or eutrophy.  Eutrophication is a 

temporal phenomenon which occurs over a span 

of thousands of years.  Limnologists have 

divided the gradual process of eutrophication 

into various stages of nutrient enrichment called 

trophic states.  Generally, eutrophication is 

divided into three broad states -- oligotrophic, 

mesotrophic, and eutrophic.  It is normal for all 

lakes to pass through these three states -- from 

oligotrophy through mesotrophy to eutrophy.  

The rate at which a lake eutrophies depends on 

the size and shape of the lake and the 

characteristics of its drainage basin.   

       Evaluating a lake by trophic state gives a 

sense of perspective to the level of nutrient 

enrichment.  Lay Monitoring lakes other than 

Lake Champlain are mapped in Figure 9 

according to trophic state.  Because of its range 

in water qualities, Lake Champlain can not be assessed by just a single trophic state.  Instead, data 

provided by the Lay Monitoring Program are used to evaluate the trophic state for different segments of 

Lake Champlain.   Figure 8 compares the phosphorus concentrations of 12 segments of Lake Champlain 

to conventional trophic state levels (Reckhow and Chapra, 1983).  No segment of Lake Champlain has a 

phosphorus concentration in the oligotrophic range (<10 ug/l).  The phosphorus concentrations for the 

majority (eight) of segments of Lake Champlain fall within the range of mesotrophic (10-20 ug/l), while 

the other four segments share phosphorus concentrations in the eutrophic range (>20 ug/l).  The primary 

reason to discuss Lake Champlain in terms of trophic states is to gain a clearer perspective on the current 

level of nutrient enrichment.  In addition, it allows for water quality comparisons among Lake Champlain 

sections, as well as comparisons of Lake Champlain trophic states and those of other large lakes.  
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1979-2012 average summer total phosphorus concentrations in 12 

segments of Lake Champlain, compared with conventional trophic 

state definitions (Reckhow ad Chapra, 1983). 
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Figure 9. Inland Trophic States 
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B.  Phosphorus Standards for Lake Champlain Are Established 

  In 1989, 10 years after the Lay Monitoring Program began, the Vermont Water Resources Board, a 

five-member appointed authority, began the process of revising the State water quality standards.  The 

Board asked the Department of Environmental Conservation to provide technical assistance, including in 

the development of new phosphorus standards for Lake Champlain.  The Lay Monitoring Program 

provided results from five years (1987-1991) of user survey data that related people's perception of water 

quality conditions to actual water quality sampling results.          

The Vermont Lake User Survey Form was completed by monitors each time water samples were 

taken for phosphorus analysis.  The tabulated results of hundreds of individual user survey forms 

provided a basis for linking actual phosphorus measurements to user perceptions of algae levels and 

recreational suitability.  The results for Lake Champlain indicated that if the summer average total 

phosphorus concentration was below 14 ug/l, then essentially no lake users perceived "high algal levels" 

or found their enjoyment of the lake "substantially reduced" more than 1 percent of the time during the 

summer.    

Phosphorus criteria for Vermont's portion of Lake Champlain were incorporated by the Water 

Resources Board into Vermont's new Water Quality Standards, effective in 1991 and still in use today.  

Phosphorus criteria were established for 12 segments of the lakes, as shown in Table 4.  The 14 ug/l 

criterion was adopted as an appropriate phosphorus standard for much of Lake Champlain.  In some cases, 

a stricter criterion of 10 ug\l was applied to protect segments of the lake where existing water quality is 

currently better than the 14 ug/l standard.  In some of the more eutrophic bay areas of the lake, it was 

doubtful that the 14 ug/l value was realistically attainable or even representative of natural conditions, so 

the criteria were revised upwards in those cases.  The phosphorus standards pertain to the euphotic zone 

(photosynthetic depth) in central, open water areas of each lake segment and not necessarily to inlet and 

small bay areas. 

              The Lay Monitoring Program contributed necessary information for the Vermont Water 

Resources Board to accomplish its task of developing numerical phosphorus standards for Lake 

Champlain.  The Lay Monitoring Program will continue to measure the phosphorus concentrations, as 

well as chlorophyll-a concentrations and Secchi disk transparencies.  The role of the Lay Monitoring 

Program continues to grow both in size as the lake participation increases, as well as in reputation as a 

recognized resource for management decisions in water quality.   
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Table 4. Total phosphorus criteria for Lake Champlain in Vermont's Water Quality Standards. 
 

   
 Phosphorus  
Lake Segment Criterion (ug/l)  

 
Malletts Bay 10   
Main Lake 10  
Port Henry 14  
Burlington Bay 14  
Shelburne Bay 14  
Northeast Arm 14    
Isle La Motte 14  
Otter Creek 14  
St. Albans Bay 17    
South Lake A 25  
Missisquoi Bay 25  
South Lake B 54    
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 LAY MONITORING LAKE CHAMPLAIN STATIONS 

 
 
Lake Station Page 
 
#2 – Larrabee’s Point ............................................................................................................................ 28 
#4 – Button Bay – Broad Lake .............................................................................................................. 30 
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#7 – Burlington – Broad Lake ............................................................................................................... 34 
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#20 – Outer Mississquoi Bay ................................................................................................................ 44 
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#40 – North Beach ................................................................................................................................ 58 
#41 – Queneska Island .......................................................................................................................... 60 
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HOW LAY MONITORING DATA IS DISPLAYED 
The data of each Lake Champlain station monitored in 2013 is presented in numerical order 

beginning on page 28.  Each data page is organized according to the following sections. 
 
Station Name and #:   

Stations are listed by the number assigned to them when they first became monitoring sites.  
The name used in association with the station number is descriptive of the area closest to the station 
location.   
 
Lay Monitor(s): 

People who sampled or assisted with sampling at least three weeks during the summer are 
included on this list.  The principal monitor is listed first. 
 
Compared to other lake stations, the long-term mean indicates: 

The long-term mean is an average of all the summer annual means available for each sampling 
parameter. Annual summer means are calculated from at least eight samples and from at least one 
sample taken during June, July, and August (there are a few exceptions for those stations that are only 
able to be sampled during July and August). This comparison of water quality at different sampling 
sites provides a perspective on the range of conditions within Lake Champlain.  
 
Table of 2013 Summary: 

This table presents the maximum, minimum, and mean values, as well as the number of 
observations for each parameter measured during the summer of 2013.   
 
Table of Annual Data: 

This table includes the annual summer means for each sampling parameter for however long 
the station has participated in the program.  Annual summer means are calculated with a minimum of 
eight samples.  If the Secchi disk was observed to the lake bottom during the summer, no numerical 
value was entered under that year, or if less than eight samples were collected, no annual mean would 
be calculated. 
 
Graph of Long-Term Means: 

The two-part graph presents the summer sampling results for Secchi disk transparency, 
chlorophyll-a concentration, and total phosphorus.  Time is measured along the horizontal axis.   

Secchi disk transparency, presented in the lower graph, is measured in meters along the left 
vertical axis.  The vertical axis is descending for Secchi disk transparency, with 0 meter depth, or lake 
surface, located at the top of the graph.   

Chlorophyll-a concentration and total phosphorus are presented in the top graph and measured 
in micrograms per liter (ug/l) along the left vertical axis.  
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LARRABEES POINT 
 

 
 

 
Lake Champlain Station #2  
 
Lay Monitor: Paul Saenger 
 
Former Lay Monitors:  
Sally and Evan Littlefield 
 
Location: station #2 is located in 
the South Lake section just north of 
the ferry crossing at Larrabees 
Point. 
 
Coordinates: 43º51.21’ N 
  73º22.58’ W 
 
 

   Station 

yellow 
house 

clearing 
(edge of field) 


   
   

Station 2 
3 m 

 


 
 
 
 
  

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – low 
Algal population density – high 
Nutrient enrichment – high 
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Larrabee's Point

Parameter Days Min Mean Max
Summary2013

Secchi (m) 7 0.8 1.4 1.8

Chl-a (ug/l) 7 7.4 27 114

Summer TP (ug/l 7 28 51 119

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 13 361.713
2001 7.9 312.012
2002 6.1 342.313
2003 8.3 352.413
2004 8.3 381.912
2005 12 352.112
2006 11 391.710
2008 8.4 302.49
2009 7.3 482.212
2010 7.7 382.010
2011 5
2012 7
2013 7

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 5.0 360.210
1980 6.5 380.416
1981 9.2 400.613
1982 10 580.613
1983 6.8 340.913
1984 12 420.611
1985 7.4 380.912
1986 6.4 390.711
1987 13 410.710
1988 7.9 450.613
1989 14 360.811
1990 7
1991 6.5 341.012
1992 8.6 410.713
1993 9.4 360.613
1994 12 440.814
1995 7.1 310.913
1996 7.4 281.213
1997 5.1 241.612
1998 6.1 341.413
1999 9.2 341.913
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BUTTON BAY BROAD LAKE 
 

 
 

 

 
Lake Champlain Station #4  
 
Lay Monitors: Richard Harter and 
Emmy 
  
Former Lay Monitors: 
Cole and Vienna Shea 
Amy and Sue Minor 
 
Location: station #4 is located in 
the Main Lake section between 
Button bay and Northwest Bay in 
approximately 175 ft. (53 m) of 
water. 
  
Coordinates: 44º11.03’ N 
  73º22.52’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the 
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
 
 
 
 


 
 
 
 
  

bluff 
point 

mile 
point field 

clearing 

Station 4 
56.4 m 
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Button Bay Broad Lake

Parameter Days Min Mean Max
Summary2013

Secchi (m) 9 2.1 3.3 5.0

Chl-a (ug/l) 9 5.3 13 27

Summer TP (ug/l) 9 18 29 51

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 4.0 164.912
2001 3.8 175.811
2002 2.7 136.111
2003 3.6 155.710
2004 4.4 145.311
2005 7.6 283.99
2006 7.9 253.811
2007 5.1 194.78
2008 7
2009 6.5 243.811
2010 4.7 194.612
2011 8.8 293.011
2012 6.1 253.313
2013 13 293.39

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1980 4.4 153.613
1983 4.1 213.710
1984 7
1985 7.6 214.710
1986 5.3 234.210
1987 3.8 194.312
1988 3.5 214.911
1989 5.7 233.911
1990 7.4 213.99
1991 3.2 164.510
1992 3.8 164.012
1993 3.8 163.68
1994 4.3 183.38
1995 3.5 125.513
1996 4.6 144.412
1997 4.8 154.812
1998 3.7 184.212
1999 8.1 145.214
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THOMPSON’S POINT 
 

 
 

 
Lake Champlain Station #5  
 
Lay Monitors: Nina and Jason Bacon 
 
Former Lay Monitors: 
John Fairbank 
Tom Bates 
Dan Cantrell 
 
Location: station #5 is located in the 
Main Lake midway between Split 
Rock Point and Thompson’s Point 
near the deepest spot in Lake 
Champlain (400 ft. or 122 m). 
  
Coordinates: 44º16.12’ N 
  73º18.78’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
 
 
 


 
 
 
 
  

station is midway 
between points 

Thompson’s 
Point 

Split Rock 
Point 

Station 5 
107 m 
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Thompson's Point

Parameter Days Min Mean Max
Summary2013

Secchi (m) 10 1.0 2.2 3.8

Chl-a (ug/l) 10 0.8 8.8 17

Summer TP (ug/l 10 18 31 49

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 6.9 243.612
2001 2.7 214.29
2002 2.8 184.511
2003 3.7 174.610
2004 198
2005 7.3 213.111
2006 6.3 223.59
2007 3.7 124.710
2008 5.2 243.39
2009 4.7 173.010
2010 4.5 173.810
2011 7.3 212.59
2012 6.1 272.39
2013 8.8 312.210

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 5.2 113.912
1980 3.1 124.711
1981 3.7 145.311
1982 5.0 204.311
1983 4.4 214.18
1984 5.5 194.312
1985 1
1987 2
1988 3.2 165.39
1991 3.9 295.810
1992 4.2 144.411
1995 2.75.68
1996 5.0 144.39
1997 4.4 184.011
1998 7
1999 5.1 224.811
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BURLINGTON BROAD LAKE 
 

 
 

 
  

 
Lake Champlain Station #7  
 
Lay Monitor: Gay Godfrey  
 
Former Lay Monitors: 
Jeremy King 
John Freeman 
Ron Bouchard 
Ron Seeley 
Fred Fayette 
Jacobs Sanford 
Jim Manahan 
 
Location: station #7 is located in the 
Main Lake section midway between 
Juniper Island and Appletree Point. 
  
Coordinates: 44º27.98’ N 
  73º16.63’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 

 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 

 
 

 
 
 
 

 
     Juniper 

Island 

water 
tower 

Appletree 
point 

Station 7 
110 m 
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Burlington - Broad Lake

Parameter Days Min Mean Max
Summary2013

Secchi (m) 9 2.0 3.6 5.0

Chl-a (ug/l) 9 3.8 7.3 16

Summer TP (ug/l) 9 13 17 25

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 7
2001 2.9 242.68
2002 1.4 173.89
2004 3.5 145.910
2005 5.8 155.113
2006 4.9 164.511
2007 3.8 145.211
2008 4.0 175.110
2009 3.5 185.29
2010 3.3 155.59
2011 4.9 204.010
2012 5.3 165.19
2013 7.3 173.69

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 4.6 134.012
1980 4.3 145.213
1981 3.6 175.512
1982 3.0 205.69
1984 4.5 204.211
1985 6
1987 4.3 155.511
1988 3.2 155.713
1990 6
1991 2.6 255.18
1992 4.4 125.313
1994 4.5 254.511
1995 3.0 126.18
1996 6
1997 3.1 136.08
1998 185.08
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COLCHESTER SHOALS 
 

 
 

 
 

Lake Champlain Station #9  
 
Lay Monitor: Paul Gervais 
 
Former Lay Monitors: 
Garet Livermore  
Stephan Parker 
 
Location: station #9 is located in the 
Main Lake section off Colchester 
Point in approximately 30 ft. (9 m) of 
water. 
  
Coordinates: 44º33.43’ N 
  73º17.71’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
 
 

 
 
 
 

 
     Station 9 

9 m 
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Colchester Shoals

Parameter Days Min Mean Max
Summary2013

Secchi (m) 11 0.5 3.5 5.0

Chl-a (ug/l) 11 2.1 5.6 9.7

Summer TP (ug/l 11 13 18 49

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 2.7 145.311
2001 3.4 125.112
2002 2.6 125.114
2003 2.2 116.011
2004 3.5 135.212
2005 3.8 144.712
2006 3.9 164.511
2007 3.7 144.912
2008 3.5 144.914
2009 4.1 154.814
2010 3.2 155.117
2011 4.7 223.713
2012 4.7 154.414
2013 5.6 183.511

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 3
1981 4.6 125.213
1983 3
1985 3.8 175.513
1988 7
1992 3.3 174.88
1995 3
1996 4.4 104.510
1997 3.3 115.015
1998 2.3 144.412
1999 5.9 135.314
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OUTER MALLETS BAY 
 

 
 

 

 
Lake Champlain Station #10  
 
Lay Monitors:  
Steffen and Kathryn Parker 
 
Former Lay Monitors: 
Kelley DesLauriers 
Jeremy King 
Nancy Jacobus 
Dick Kimball 
Bob Fredericks 
Jim Wood  
 
Location: station #10 is located 
midway between Porter’s Point and 
Robinson Point.  
  
Coordinates: 44º34.92’ N 
  73º16.87’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – low 
Nutrient enrichment – moderate 
 
 

 
 
 
 

 
     

opening 

Porter’s 
Point 

Robinson
Point 

Station 10 
32 m 
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Outer Malletts Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 16 1.5 2.9 4.2

Chl-a (ug/l) 16 3.7 6.6 9.1

Summer TP (ug/l 16 11 16 25

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 3.0 184.614
2001 3.2 204.511
2002 3.9 183.413
2003 4.1 155.313
2004 2.1 145.09
2005 3.5 155.09
2006 3.7 144.117
2007 3.9 114.817
2008 3.2 153.913
2009 3.1 134.419
2010 3.6 124.315
2011 3.1 163.715
2012 3.6 114.514
2013 6.6 162.916

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 3.3 6.25.617
1980 3.4 7.27.012
1981 3.4 136.08
1984 3.6 154.810
1985 4.88
1987 7
1989 6
1990 7
1991 1.4 106.110
1992 2.6 117.011
1993 4.5 165.89
1994 2.0 9.45.312
1995 2.6 8.86.210
1996 3.7 124.810
1997 2.8 144.911
1998 3.6 183.711
1999 5.5 144.012
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INNER MALLETS BAY 
 

 
 

 

 
Lake Champlain Station #11  
 
Lay Monitors:  
Steffen and Kathryn Parker 
 
Former Lay Monitors: 
Bill Dunningham 
 
Location: station #11 is located in the 
inner section of Malletts Bay in 
approximately 75 ft. of water. 
 
Coordinates: 44º33.90’ N 
  73º12.50’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – moderate 
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straight through 
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Inner Malletts Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 16 1.6 3.0 4.0

Chl-a (ug/l) 16 3.8 7.2 11

Summer TP (ug/l 16 12 17 25

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 2.4 135.215
2001 4.1 124.617
2002 3.4 153.917
2003 5.2 125.716
2004 3.6 124.415
2005 3.4 124.712
2006 3.8 144.219
2007 4.1 104.718
2008 3.7 154.513
2009 3.0 134.219
2010 3.7 134.316
2011 2.8 173.815
2012 3.8 124.415
2013 7.2 173.016

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 3.3 7.84.617
1980 3.1 6.66.613
1981 4.1 9.66.18
1983 3.8 126.112
1984 4.5 124.213
1985 4.1 135.211
1987 3.7 154.513
1988 2.8 115.011
1989 4.4 124.913
1990 4.5 114.713
1991 1.7 115.213
1992 2.4 105.712
1993 3.2 8.94.910
1994 2.2 9.34.812
1995 3.0 9.65.811
1996 4.2 144.113
1997 2.8 124.814
1998 3.2 163.716
1999 5.7 124.918
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THE GUT 
 

 
 

Lake Champlain Station #15  
 
Lay Monitor: Hadley Clark 
 
Former Lay Monitors: 
Emily and Dan Clark 
Eileen Brady 
Roger Landry 
Robert Martin 
 
Location: station #15 is located in 
the Gut in the Northeast Arm 
section, beside Red Nun Buoy #6 in 
15 ft. (4.5 m) of water. 
 
Coordinates: 44º45.30’ N 
  73º18.67’ W 
 
 
    Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity –  moderate 
Algal population density – low 
Nutrient enrichment – high 
 
 

 
 
 
 

 
     

large gray 
house drawbridge 

Station 15 
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yellow house 
red house 

green roof 

Simms 
Point 

 
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The Gut

Parameter Days Min Mean Max
Summary2013

Secchi (m) 4 2.2 2.7 3.0

Chl-a (ug/l) 4 1.6 2.5 4.1

Summer TP (ug/l) 4 13 19 25

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2006 6.0 212.99
2007 4.3 1910
2008 2.7 193.312
2009 3.7 2112
2010 2.1 1610
2011 2.5 222.99
2012 7
2013 4

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 3.311
1980 3.314
1981 12
1982 2.7 2311
1983 3.2 2513
1984 4.4 204.212
1985 3.0 2212
1986 254.210
1987 2.7 2212
1988 2.9 2411
1989 3.6 2312
1990 3.7 1812
1991 2.8 2112
1992 2.5 1512
1993 2.6 163.710
1994 2.5 248
1995 1.5 159
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OUTER MISSISQUOI BAY 
 

 
 

 

 
Lake Champlain Station #20  
 
Lay Monitors: Paul Hansen 
 
Former Lay Monitors: 
Terry O’Brien 
Betty and Ken Hagedorn 
Bill and Barbara Duval 
 
Location: station #20 is located in 
the outer section of Missisquoi Bay 
south of Red Buoy #4 in 
approximately 13 ft. (4 m) of water. 
 
Coordinates: 45º00.29’ N 
  73º10.43’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – low 
Algal population density – high 
Nutrient enrichment – high 
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Outer Mississquoi Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 11 0.8 1.9 3.0

Chl-a (ug/l) 11 0.5 15 38

Summer TP (ug/l 11 22 35 45

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 7.6 309
2001 21 572.310
2002 24 371.59
2003 25 481.49
2004 38 581.511
2005 19 521.610
2006 18 441.79
2008 20 541.510
2009 5
2010 7
2011 681.99
2012 11 661.610
2013 15 351.911

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 169
1981 7.5 5310
1983 6.98
1984 10 3711
1985 7
1987 5.4 372.112
1988 5.1 352.210
1989 10 3111
1990 9.0 2611
1991 11 439
1992 6.0 3812
1993 16 501.710
1994 8.6 3811
1995 14 4712
1996 17 441.99
1997 16 501.611
1998 10 351.610
1999 85 761.19
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KEELER BAY 
 

 
 

 

 
 

 
Lake Champlain Station #21  
 
Lay Monitors: Peter Velasquez 
 
Former Lay Monitors: 
Patsy Bean 
Jeremy King 
Dick and Joanne Harter 
Walter Burnett 
Lawrence Pyne 
Kathy & Jim Murray 
 
Location: station #21 is located in 
Keeler Bay off of Kellogg Island
 
Coordinates: 44 39.53° N 
  73 18.12° W 
 
 
    Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high
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Keeler Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 10 2.9 3.7 4.3

Chl-a (ug/l) 10 3.0 4.2 6.1

Summer TP (ug/l 10 16 19 22

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2013 4.2 193.710

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1979 4.116
1980 4.810
1981 6
1982 4.99
1983 4.310
1984 4.110
1985 3.0 194.713
1986 4.2 184.411
1987 3.1 174.713
1988 5.1 214.312
1989 3.9 205.012
1990 5.2 194.88
1991 3
1992 3.2 154.811
1993 3.2 194.712
1994 3.7 174.714
1996 5.5 154.99
1997 4.6 175.213
1998 3.8 154.612
1999 6
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Inner Carry Bay 

 
 

 

 
Lake Champlain Station #29  
 
Lay Monitor: Don and Bobbi Weaver 
Former Lay Monitors:  
Ken Basset 
Chuck Balchiunas 
Larry Dupont 
Mary Jane Healy 
 
Location: In the western side of Carry Bay, 
North Hero, just off the cut in the railroad fill 
in approximately 25 feet (7.5 m) of water. 
 
Coordinates: 44º50.23’ N 
  73º17.43’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the long-term 
summer means indicate: 
 
Water clarity – moderate 
Algal population density – high 
Nutrient enrichment – high 
 
 

 
 
 
 

48



Carry Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 11 1.8 2.5 3.2

Chl-a (ug/l) 11 3.7 6.5 13

Summer TP (ug/l 11 20 26 31

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2003 12 362.98
2004 19 639
2007 5.2 243.68
2009 5.9 2812
2010 11 362.411
2011 381.99
2012 5.5 332.912
2013 6.5 262.511

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1982 3.8 302.710
1983 3.78
1985 6.4 282.210
1986 4.8 193.710
1987 4.0 234.313
1988 5.0 2611
1989 8.4 254.08
1990 7.4 214.39
1991 6
1993 8.8 303.68
1994 282.99
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ALBURG BRIDGE 
 

 
 

 

 
Lake Champlain Station #30  
 
Lay Monitors: Paul Hansen 
  
Former Lay Monitors: 
Betty and Ken Hagedorn 
Bill and Barbara Duval 
 
Location: station #30 is located in 
the “outlet” area of Missisquoi 
Bay, just north of the Route 78 
Alburg – West Swanton bridge in 
approximately 15 ft. (4.5 m) of 
water. 
 
Coordinates: 44º58.55’ N 
  73º12.90’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – low 
Algal population density – high 
Nutrient enrichment – high 
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Alburg Bridge

Parameter Days Min Mean Max
Summary2013

Secchi (m) 11 0.8 2.2 3.2

Chl-a (ug/l) 11 0.5 8.6 16

Summer TP (ug/l 11 17 30 40

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 7.8 352.19
2001 8.0 362.310
2002 19 541.79
2003 428
2004 35 561.511
2005 20 451.610
2006 20 471.69
2008 21 581.410
2009 8.5 471.911
2010 7
2011 622.09
2012 6.9 561.610
2013 8.6 302.211

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1983 4.92.79
1984 13 442.011
1985 6
1986 6.6 322.59
1987 4.7 342.412
1988 7.3 342.410
1989 9.7 2711
1990 9.7 262.811
1991 15 391.89
1992 8.0 382.312
1993 12 392.010
1994 12 422.111
1995 17 461.812
1996 15 312.110
1997 11 431.611
1998 7.9 311.710
1999 57 641.29
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BURLINGTON BAY 
 

 
 

 

 
Lake Champlain Station #33  
 
Lay Monitor: Jonathan Eddy 
 
Former Lay Monitors: 
Don Bailey 
 
Location: station #33 is located 
across from the Burlington 
waterfront in the middle of 
Burlington Bay in approximately 49 
ft. (15 m) of water. 
 
Coordinates: 44º28.49’ N 
  73º13.90’ W 
 
 
    Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
 
 

 
 
 
 

 
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15 m 
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Burlington Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 9 2.5 4.5 5.5

Chl-a (ug/l) 9 2.5 5.9 14

Summer TP (ug/l) 9 14 18 25

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2000 5.7 205.28
2001 2.9 155.39
2002 0.9 135.68
2003 2.1 175.98
2004 3.1 165.810
2005 5.0 195.09
2006 4.7 204.79
2007 2.4 135.28
2008 3.3 224.610
2009 5.1 255.29
2010 3.6 165.29
2011 233.69
2012 4.0 235.09
2013 5.9 184.59

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
1992 3.8 155.113
1993 4.9 184.413
1994 6
1995 2.5 125.98
1996 4.2 174.28
1997 7
1998 4.0 223.68
1999 6.3 145.68
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Outer Carry Bay 

 
 

 

 
Lake Champlain Station #37  
 
Lay Monitor: Don and Bobbi Weaver 
Former Lay Monitors:  
Ken Basset 
Chuck Balchiunas 
 
Location: In the open water, straight 
outside of Carry Bay, North Hero, 
through the cut in the railroad fill in 
approximately 45 feet of water. 
 
Coordinates: 44º50.44’ N 
  73º18.40’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the long-term 
summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
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Outer Carry Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 11 2.6 3.4 4.5

Chl-a (ug/l) 11 1.3 7.0 14

Summer TP (ug/l 11 15 19 24

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2003 4.7 204.28
2004 10.0 282.99
2007 4.4 175.68
2009 4.3 175.312
2010 6.8 203.411
2011 193.29
2012 5.2 204.112
2013 7.0 193.411
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TOWN FARM BAY 
 

 
 

 

 
Lake Champlain Station #38  
 
Lay Monitors: Carol Hanley 
  Richard Bernstein 
 
Location: station #38 is located in  
Town Farm Bay north of Long 
Point in approximately 27 ft. (8 m) 
of water. 
 
Coordinates: 44º15.78’ N 
  73º17.22’ W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – low 
Algal population density – high 
Nutrient enrichment – high 
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Town Farm Bay

Parameter Days Min Mean Max
Summary2013

Secchi (m) 10 1.5 2.3 3.5

Chl-a (ug/l) 10 6.4 11 21

Summer TP (ug/l 10 18 28 55

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2008 10 302.612
2009 6.9 242.913
2010 4.9 193.613
2011 11 282.014
2012 6.8 282.513
2013 11 282.310
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NORTH BEACH 
 

 
 

 

 
Lake Champlain Station #40  
 
Lay Monitors: Jen Guimaras, Lake 
Champlain Community Sailing Center 
 
Location: station #40 is located 
straight off North Beach in Burlington 
in approximately 39 ft. (12 m) of water. 
 
Coordinates: 44 29 11.62º N 
  73 14 22.33º W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
 
 

 
 
 
 

 
Station 40 

39 feet 
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North Beach

Parameter Days Min Mean Max
Summary2013

Secchi (m) 9 2.0 3.8 5.5

Chl-a (ug/l) 11 3.4 7.9 21

Summer TP (ug/l 11 11 19 37

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2009 7.0 185.09
2010 3.1 165.18
2011 5.8 183.811
2012 5.1 183.410
2013 7.9 193.811
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QUENESKA ISLAND 
 

 
 

 

 
Lake Champlain Station #41  
 
Lay Monitor: Kate & Marshall Webb 
 
Location: station #41 is located off 
west Queneska Island, west of 
Shelburne Point. 
 
Coordinates: 44º25’46 N 
  73º16’43 W 
 
 
 

   Station 


   
   

Compared to other lake stations, the  
long-term summer means indicate: 
 
Water clarity – moderate 
Algal population density – moderate 
Nutrient enrichment – high 
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Queneska Island

Parameter Days Min Mean Max
Summary2013

Secchi (m) 9 1.8 3.5 5.3

Chl-a (ug/l) 9 3.3 6.9 11

Summer TP (ug/l) 9 10 19 30

Year
Secchi

(m)
Chloro-a

(ug/l)
Summer TP

(ug/l)
Spring TP

(ug/l)

Annual Data
Days

Sampled
2011 173.710
2012 5.4 163.911
2013 6.9 193.59
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1979-2013
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 Appendix 2 
Glossary 

 
ALGAE - Simple aquatic plants which are usually microscopic in size.  Algae can grow suspended 
in the water or attached to plants or the lake bottom.  Algae do not have true roots, flowers, and 
leaves.  
  
ANAEROBIC - (also anoxic) - Environment in which oxygen is absent.   
 
BACTERIA - Microscopic single cell organisms that are similar to plants but lacking in chlorophyll. 
 
BLOOM - A very large algal population that may cause a green coloration of the water or form large 
floating mats.  Such a large population may be stimulated by high nutrient levels, warm-water 
temperatures and long periods of sunlight.  Seasonal spring and fall algal blooms usually are part of 
the normal cycle of a productive lake. 
 
CHLOROPHYLL - The photosynthetic, green pigment contained in all green plants. 
 
CULTURAL EUTROPHICATION - The acceleration by human activities of the natural aging 
process in a lake evidenced by increasing nutrient concentrations. 
 
DRAINAGE BASIN - (also watershed) - The land area draining into a body of water.  The surface 
area of the lake is included in the calculation of the drainage basin surface area. 
 
ECOLOGY - The study of the relationships between organisms and their environment. 
 
EROSION - The loosening and subsequent transport of soil away from its native site.  In Vermont, 
erosion typically results from the removal of vegetation, which is a soil stabilizer. 
 
EUTROPHIC - A general classification of lakes which have a high level of nutrients.  Eutrophic 
lakes are often shallow, warm, seasonally deficient in oxygen in the lower depths of the lake, and 
supportive of large algal and/or aquatic plant populations. 
 
EUPHOTIC ZONE - The layer of lake water where light penetrates through the water and is 
useable by plants and algae. 
 
EUTROPHICATION - The natural aging process of a lake whereby nutrients and sediments 
increase in the lake over time, increasing its productivity and eventually turning it into a marsh.  If 
the process is accelerated by human-made influences, it is referred to as "cultural eutrophication." 
 
FECAL COLIFORM BACTERIA - Bacteria found in the feces of warm-blooded animals.  Fecal 
coliform bacteria are used as indicators of recent sewage contamination.  Fecal coliform bacteria are 
not harmful themselves, rather they indicate the potential presence of other disease-causing 
organisms. 
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GROUNDWATER - Water that lies beneath the earth's surface in water-filled layers of sand, 
gravel, clay or cracked rock. 
 
LAKE BASIN - A depression in the surface of the land that forms a lake when full of water.  Lakes 
may be composed of more than one basin. 
 
LIMITING NUTRIENT - The nutrient whose demand exceeds its supply such that growth is 
restricted until more is available. 
 
LIMNOLOGY  - The study of the physical, biological, and chemical aspects of inland ponds 
(generally freshwater), lakes, and streams. 
 
MACROPHYTES - Rooted aquatic plants which grow in or on the water.  They have true roots, 
flowers, and leaves. 
 
MEAN - (also average) - Calculated by adding the values of all the data points and dividing this 
sum by the number of data points. 
 
MESOTROPHIC - A general classification of lakes between the levels of oligotrophic and 
eutrophic.  Mesotrophic lakes have a moderate level of nutrients and are somewhat productive 
(supportive of moderate growths of algae and aquatic plants). 
 
METER - A measure of length in the metric system, approximately equivalent to 3.25 feet.  One 
meter (m) equals 39.37 inches or 1.0936 yards. 
 
MICROGRAM - (µg) - The unit of measurement used to express one part per million (ppm). 
 
NON-POINT SOURCE POLLUTION - Pollution that comes from a diffuse area, as opposed to a 
discharge pipe, and that enters lakes or streams via runoff, groundwater, or tributary streams.  
Examples are soil erosion, septic system pollution, and manure runoff. 
 
NUTRIENT - A chemical required for growth, development or maintenance by a plant or animal.  
Examples are nitrogen and phosphorus. 
 
OLIGOTROPHIC - A general classification of lakes which have a low level of nutrients.  
Oligotrophic lakes are usually deep and cold.  They usually have a sufficient amount of oxygen at all 
depths and they support little algal and aquatic plant growth. 
 
ORGANIC COMPOUND - A chemical compound containing carbon as the base element.  Some 
kinds of organic compounds can be toxic to plant and animal life. 
 
OVERTURN - The thorough mixing of the water in a lake during the spring and during the fall 
when the water is uniform in temperature and density. 
 
PHOSPHORUS - A nutrient required by plants, including algae, for growth.  In lakes, phosphorus is 
usually the nutrient in shortest supply relative to other nutrients.  The addition of phosphorus to a 
lake will stimulate plant and algal growth. 
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PHOTOSYNTHESIS - Production of organic compounds using light by chlorophyll-containing 
cells. 
 
PHOTIC ZONE - The lighted region of a lake where photosynthesis takes place. 
 
PHYTOPLANKTON - Small plants, usually microscopic, suspended in the water, that drift in the 
water with waves or currents. 
 
POINT SOURCE POLLUTION - Pollution from discharge pipes or outfalls from sources, such as 
wastewater treatment plants or industrial facilities. 
 
RIPARIAN - A term used to describe the shoreland area of lakes, ponds and streams. 
 
SECCHI DISK - A white and black disk 8 inches (20 cm) in diameter used to measure transparency 
of water. 
 
SEDIMENT - Bottom material in a lake that has been deposited after the formation of a lake basin.  
Sediment results from the accumulation of decomposing remains of aquatic organisms, chemical 
precipitation of dissolved minerals, and erosion of surrounding lands.  Sediment particles may also 
be suspended in the water. 
 
SEDIMENTATION - The sinking of silt, algae, and other particles through the lake water column 
and their deposition on the lake bottom (where they form sediment).  Sedimentation is an important 
process in the life of a lake, transferring nutrients throughout the lake's layers and providing a critical 
link between surface plankton and bottom-dwelling organisms. 
 
STRATIFICATION - The formation of thermal zones in deep lakes during the summer.  These 
zones are referred to as the epilimnion (warm upper region), hypolimnion (cold lower region), and 
metalimnion (thin boundary between the other two layers). 
 
TROPHIC LEVEL - A relative level of productivity.  Three trophic levels of Vermont lakes are 
eutrophic, mesotrophic and oligotrophic. 
 
TURBIDITY - A measurement of water clarity.  High turbidity (low water clarity) is caused by 
suspended particles such as silt, soil or algae which reduce light penetration. 
 
WATER TABLE - The upper surface of groundwater below which the soil is saturated with water. 
 
WATERSHED - (also drainage basin) - The land area draining into a body of water.  The surface 
area of the lake is included in the calculation of the drainage basin surface area. 
 
WETLAND - An area that is inundated by surface or ground water with a frequency sufficient to 
support significant vegetation or aquatic life dependent on saturated or seasonally saturated soil 
conditions for growth and reproduction. 
 
ZOOPLANKTON - Small aquatic animals, often microscopic in size and capable of mobility. 
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