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PREFACE
According to legend, Loon Lake was visited by Algonquin and later Iroquois tribes.  They are believed to have fished the lake and also hunted for deer, bear and other small game in the area, but apparently did not live at Loon Lake.
There is evidence that there were four glaciers that passed over the Loon Lake area.  Each destroyed most of the evidence of the previous one.  The Wisconsin Glacier, the last one to cover the area, was thousands of feet deep and dragged rocks, soil and debris from as far North as Canada.  It covered the land as far south as Pennsylvania.  As the glacier melted it left large depressions and changed the course of water in many areas.  Loon Lake was formed at least 11,000 years ago as this glacier receded and at one time was much deeper and larger.  Loon Lake is what some call a kettle lake, pothole lake or an alluvial fan. The unique thing is, that the lake rests on top of a moraine head (a divide between water basins) and the waters run underground in a northerly direction to Patchin Creek.   This creek takes the waters into the Genesee River Basin and to Lake Ontario.  The lake also discharges water underground in a southerly direction to Neil’s Creek and thence to the Cohocton River, the Susquehanna River and the Chesapeake Bay.

Loon Lake is a mountain lake located in the foothills of the Allegany Mountains in the northern part of Steuben County at an elevation of 1700 feet above sea level and is mostly fed by springs.  There are two inlets that run into the lake in early spring or when there is a heavy rain.  One is at the south end of the lake and drains from the western hills.  The other is at the north end of the lake and drains from the northeastern hills.  Both of these inlets can bring considerable silt and nutrients into the lake when there are heavy runoffs.  There are also several places around the lake where natural runoffs occur or where man has placed road drains that drain into the lake bringing additional silt and other materials. 

Loon Lake has been described as covering 141 to 166 acres by different articles which may be because the lake appears to have changed in shape and size over the years based on old maps.  The lake is classified by the DEC as a “mesotrophic” or moderately productive lake based on total phosphorus, water clarity and chlorophyll-a readings.

Various histories of Cohocton and Wayland refer to Loon Lake as a sparkling body of water surrounded only by mature Hemlock and Pine trees.  This original growth was mostly cut off for lumber in the 1800’s by Thomas Warner.  Later, the land was populated by oak, maple and elm trees. Most of the elms were destroyed by the Dutch Elm disease in the early 1900’s.  The Steuben County Highway Department reworked Rt. 92 in the 1920’s and blocked the only outlet that ran to the northwest.  As a result, the level of water increased about three feet, further destroying trees along the shoreline.
About 1880 the lake was shaped like a new moon.  From an area referred to as Lindenwood Point, a ridge divides the lake into practically two parts and extends as far south as the present point owned by Richard Maise.  There, it ends in a high spot covered by weeds and is not  more than 10 feet deep. The west side of this ridge is muck bottom and was covered in 1880 with weeds called elodeas which look like cornstalks.  East of this ridge, the lake reaches its maximum depth of about 40 feet and the

bottom is comprised of blue clay in some places and yellow clay in other places.   Both of  these clays are impervious to water.   There are also areas on this east side where there is a gravel bottom.

Apparently, Loon Lake got its name because Loons were nesting on the large island in the center of the lake when the early settlers arrived.  The Loon is the largest inland water bird on the North American Continent.  It is a beautiful bird with bluish-black plumage and a white ring around its neck and dashes of white feathers on its back.

In 1880 there were only three cottages on the lake but by 1919 there were 15.  In 2016 the number of land parcels with lake frontage is 165.  Cottages/homes occupy a good share of those parcels.  Of these, close to 1/3 are year-round residences.

In the 1930-40s, Loon Lake was popular for its summertime dance hall (The Palace) and skating rink, the largest in NYS. The hall burned down in 1936, was rebuilt, but burned down again several years later. The rink deteriorated until it was razed.  Other establishments in and around the lake in the past included the Antler’s Inn, Lindenwood hotels and a park area.  Only two businesses survive to this day.  One is a small bar/restaurant with the unique name of “Laf-A-Lot”.  The other is a retail business that provides multiple services and is named appropriately “Loon Lake Services”.
In the 1950's, the biggest issue on Loon Lake was weeds.  Through the town of Wayland, an Aquatic Weed District was formed with taxing authority in 1985.  In 2015, Weed District taxes were $1.05 per $1,000 assessed valuation.  Funds are used to purchase, operate, and maintain a weed harvester.  Since the weed harvesting equipment was acquired, a weed-cutting program has taken place annually from approximately Memorial Day to Labor Day.  The weed-cutting program has made the lake more accessible for recreation, however, it may have had an effect on the lake’s ecological balance. 

Loon Lake has engaged in a CSLAP testing program from 1998 to present using local volunteers.  The LLWIA  is also currently working with SUNY Geneseo Professor Isidro Bosch and his students and Prof. Bruce Gilman and Prof. John Foust (and students) of Finger Lakes Community College to further study and document important lake chemical and biological features.

This report is about the quality of Loon Lake and its watershed.  In essence, this state of the watershed report characterizes land use patterns as well as cultural, economic, and natural resources associated with the lake. This report also reviews the work of many researchers who have performed numerous water quality observations and laboratory tests on Loon Lake and its tributaries over the past 100 plus years.

The report not only describes past and current conditions of the lake and its watershed, but also introduces issues that affect, or will affect, the future of the lake watershed.  The report does not seek to fully explain or bring closure to any issues, it represents a first step.  Ultimately, the information in this document will be used to create a “Watershed Management Plan” that reflects community priorities and recommendations.
SECTION I -- WATERSHED CHARACTERISTICS
Geography of the Lake
Loon Lake is located in the northwestern corner of Steuben County in Western New York.  Surface area of the lake is about 161 acres.  It has a mean elevation of 1,700 feet above sea level (one of the highest lakes in New York State),  a maximum length of 3/4 mile, an average width of 1/2 mile, with a depth varying from 13 to 43 feet off shore  (see Figure 1 and Table 1 for more information).  For most of the lake perimeter, the shoreline is shallow with relatively low, flat or slightly elevated terrain.  The exceptions are along the eastern shore, where the water is deeper and the banks are  steeper, and along the northeastern shore where a hill descends to the lake.  The southern shoreline has two areas of wetlands, the southeastern one is designated a wetlands by the NYS Department of Environmental Conservation (NYSDEC).  The southwestern one is monitored by the Army Core of Engineers.
Classification of the Lake
NYSDEC classifies Loon Lake as Class B which means the best usages are primary and secondary contact recreation (i.e., swimming and boating) and fishing.  Hence, the waters are suitable for fish, shellfish, and wildlife propagation and survival.  Public access is as an invited guest of lake shore property owners.  There are no public boat launching facilities on the lake, but a launch-for-fee access is available to all at a lake-side restaurant.  Figure 1 shows the lake shape and depth contours.
Watershed Description
The Loon Lake watershed (hereafter referred to as the watershed) is approximately 2,980 acres or 4.7 square miles.  The majority of the watershed lies within the Town of Wayland, although a small southwestern portion falls within the Town of South Dansville (see Figure 2).  The ratio of land to lake surface area is 18.6 acres of watershed per acre of lake surface area.  There are no major tributaries within the watershed, although there are two intermittent streams that flow into the lake.  These streams are only a few miles long and typically run in early spring from the winter snow melt and early spring rains.  They then remain dry, running only intermittently when there is significant rainfall or severe storm events.  The lake is spring fed, water percolating into it from the higher ground to the East and West.  There is no defined outlet for the lake, but water percolates outward to the South (Chesapeake Watershed) and to the North (Great Lakes Watershed). There are approximately 165 properties surrounding the lakeshore and about 1/3 are occupied year-round.  There are no other urban developments within the watershed.

Topography
The topography of the lake and watershed area reflects glacial origins with hilly deposits and glacially induced depressions.  The glacial deposits in the valleys around the lake represent some of the southernmost deposits left by the last glacial age, the Wisconsin.  These deposits fill deep pre-glacial valleys nearly to the top of the surrounding hills.  While the lake elevation is 1,700 feet above mean sea level, the hills to the east and west of the lake top out at approximately 2,200 feet.  The land to the north and south of the lake drops off sharply, down to Wayland and Hornell, respectively.  The lake is located between the Chemung/Cohocton river watershed (which ultimately connects it to the Chesapeake Bay watershed through the Susquehanna river basin) and the Genesee River basin (which connects to the Great Lakes watershed).  The connection is through underground percolation as the lake has no visible outlets.   Since the lake sits on the divide between these two large drainage basins and water flows only underground to them, it is, by strict definition, not a part of either watershed.  However, when the underground percolation is considered, water from the lake flows toward both watersheds!
Reserved for future additions


Figure 1.  Loon Lake Bathymetric Map 

(The volume estimate shown in Table 1 was calculated by Dr. Bosch from this map)
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Figure 2.  Loon Lake Watershed (outlined in red) and Elevation Contours Map
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Geology
In geological terms, what we see today as Loon Lake and its surrounding watershed is mostly the result of the latest glaciation, called the Wisconsin Glacial Episode (named for the State of Wisconsin).  This ice sheet, which covered almost all of New York State and parts of Pennsylvania, reached its maximum from 21,000 to 25,000 years ago.   As it retreated, it left behind the sand and gravel deposits that we now find in the valleys and along the edges of the higher hills.  These higher hills to the east and west of the lake are made up of underlying bedrock, mostly shale.  As the glacier receded and melted, it left huge amounts of glacial debris, mostly rocks, sand and gravel in its wake.  Large sections of the glacial ice broke from the receding glacier and formed in ‘potholes’ or ‘kettle holes’ in the glacial debris.  Loon Lake was created by this process.

The lake sits on a moraine divide of glacial debris with its underlying bedrock of shale.  Within this debris is a layer of clay, both blue and yellow, which gives the lake bottom its ‘holding’ capability.  Thus the lake bottom and shoreline is comprised mostly of sand and gravel.  A good portion of the lake bottom is covered with a very thick layer (on average 2 - 4 feet) of organic and inorganic sediment (muck) that has resulted from years of aquatic vegetation decomposition and inflow from the surrounding watershed.

Another local glacial-related phenomenon is a depression at the northern end of the lake, near a peninsula named Lindenwood, known as “Devil’s Hole.”  It is separated from the lake by only a few hundred feet of low-lying, wooded land.  This is an irregular depression, about 30 feet deep, deeper than that end of the lake, and oddly enough, has no water in it.  This appears to be another spot where a small block of glacial ice came to rest and melted, not on the clays and silt that underlie the lake, but on a layer of sand and gravel, so that any water that finds its way into the hole immediately percolates out.  Table 1 provides geographic and morphometric information about the lake.

Table 1:   Geographic and Morphometric Information of Loon Lake, NY
	Latitude
	42.486oN

	Longitude
	77.563oW

	County
	Steuben

	Surface Area
	161 acres

	Mean Depth
	20 feet (6.1 meters)

	Maximum Depth
	43 feet (13 meters)

	Volume
	3.027,000 cubic meters (1)

	Watershed Area
	2,980 acres

	Hydrologic Retention Time
	1.8 years

	Elevation
	1,700 feet

	NYSDEC Water Quality Class
	B (contact/noncontact recreation


Climate and Precipitation
The closest first-order weather station for climatological data is in Dansville, New York, approximately 11 miles from Loon Lake.  Records for temperature and precipitation, rain and snow, began in 1931.  Data from the Cohocton Station, which encompasses the lake, ended recording of temperature and precipitation in 2000.
July is the warmest month with an average temperature of about 82 degrees Fahrenheit.  January is the coldest month with an average temperature of around 16 degrees Fahrenheit.
The normal annual precipitation is 34 inches. The normal annual snowfall is 67 inches with the maximum monthly average occurring in January.
[Note:  Climate information is for Cohocton, NY which is the closest town where weather information is available.  Since Loon Lake is about 380 feet higher in elevation than Cohocton, it tends to be cooler and gets more snow on average.]

Hydrology
Runoff
There are no estimates for surface runoff into the lake.  Most runoff comes from two intermittent steams,  numerous roadside ditches surrounding the lake and impermeable surfaces adjacent to the lake (i.e., parking lots, driveways, etc.).  The remaining precipitation infiltrates the soil, percolates into groundwater or evaporates into the atmosphere.  The long-term water retention time for the lake is approximately 1.8 years (NYSDEC).
Groundwater
Groundwater recharges the lake in two basic water-bearing units. First through bedrock, which in the Loon Lake watershed is primarily shale.  The second major ground-recharging units are the unconsolidated glacial deposits.

The majority of the area within the watershed boundary is underlain by glacial till generated during the Wisconsin glaciation. This layer is of variable thickness and modestly yields one to five gallons of water per minute to wells.  Beneath the till is a layer of shale bedrock capable of yielding water in larger quantities.
Lake Levels
Monitoring of lake levels began in 2013.  Because the lake has no defined outlet and only intermittent feeder streams that run the heaviest in the spring from the winter snowfall and spring rains, the level of the lake is at its highest at this time.  Throughout the summer and fall seasons, the lake level slowly falls as a result of evaporation, usage and percolation out through the lake bottom.  Low winter snowfalls coupled with a dry summer can result in a 

Very low lake level (as can be seen in late 2013 and again in mid 2016), preventing some lake owners boat access to the water.  Normal variation in level through the season is about 2 feet.

Chart 1:  Lake Level Variation
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Soils
Soils within the Loon Lake Watershed can be summarized by the soil association listing found in the 1978 Soil Survey of Steuben County.  Major field work for this soil survey was completed in the period 1958  to 1971 and statements made in the survey refer to conditions in the county in 1973.

Soil association within the watershed is classified under the Howard-Chenango-Middlebury association.  Generally, soils within the watershed are glacially formed and deposited, deep, well drained to somewhat excessively drained, nearly level to steep and occupy outwash plains, valley trains and terraces left by the retreating ice sheet.  The majority of these soils surrounding the lake are of the Howard Series, a gravely loam with a sandy and gravely substratum close to the surface, well suited for crops and a source of gravel.  Hazard of erosion is serious if soil is cultivated and not protected.  The one exception to this soil type is along the stream that extends from the hilly southwest of the watershed to its southern inlet to the lake.  The soils in this area are typically of the silt loam type, formed in recent deposits of alluvium.  Where this soil is adjacent to a large stream, it is subject to stream bank erosion.  Loon Lake soil types are listed in Table 2 and shown in Figure 3.

Future revisions


Table 2 :  Soil Types adjacent to Loon Lake

Series





Legend
	HoC:  Howard
	Gravely loam rolling (75%)

	HoB:  Howard
	Gravely loam undulating (5%)

	HtD:  Howard & Alton
	Gravely soil with 20 – 30 degree slope (4%)

	Wa:  Wallington
	Silt loam – poorly drained (7%)

	Wn:  Wayland
	Silt loam – poorly drained sand of alluvium fan (5%)

	Ch:  Chenango
	Well drained soil (1%)



Figure 3. Loon Lake area soil types
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Wetlands
The Loon Lake Watershed contains approximately 10 acres of NYSDEC classified wetlands on the south end of the lake (see Figure 4). This wetland is classified as type II.  A wetland classified as type II is characterized by any of the following:  is a migratory habitat for an endangered or threatened species;  is a permanent habitat of a vulnerable species;  provides a significant flooding buffer to a lower density developed area or an agricultural area.

Figure 4:  Loon Lake south and nearby wetlands
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Figure 5 below from the National Wetlands Inventory (U. S. Fish and Wildlife Service) also shows a wetland in Loon Lake’s southwest area.  This wetland is monitored by the Army Corp of Engineers.  Figure 5 also shows a slightly different view of the south wetland area.

Figure 5:  Loon Lake wetlands
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Wildlife

Due to the many habitat types, Loon Lake and its watershed are filled with a wide variety of wildlife. Whitetail deer is the largest and most easily recognized of the mammals often seen throughout the watershed.  Other mammals that inhabit the watershed include fox, raccoon, opossum, woodchuck, cottontail rabbit, skunk, coyote, mallard duck, merganser, Canada goose, wood duck, muskrat, great blue heron, gray and red squirrel. Also an occasional black bear has been observed near or actually swimming in the lake.

During the fall, winter, and spring, the numbers and individual species of waterfowl increase greatly as migrating birds visit, including rare species such as the “common” loon.  Other birds that nest in the watershed include many varieties of songbirds and raptors. Large numbers of gulls and crows are often present in the north end of the watershed.  Bald eagles are known to occasionally travel through the watershed although there are no confirmed bald eagle breeding sites.

Some watershed residents have even reported seeing a North American Lynx roaming the area!
SECTION II -- LAKE CHARACTERISTICS
Water Quality
The New York “Citizens Statewide Lake Assessment Program” (CSLAP) monitors several parameters related to the trophic state of a lake, including the clarity of the water, the amount of nutrients in the water, and the amount of algae resulting from those nutrients.  Water samples are taken numerous times throughout the summer months and sent to NYSDEC for analysis.  Each year the results of those analyses are published in a report along with historical data and trend analysis.

Loon Lake Background
Loon Lake was sampled as part of the Conservation Department (predecessor to the NYSDEC) Biological Survey of the Chemung River basin in 1937.  This monitoring program focused primarily on the relationship between water quality and fisheries management, and none of the water quality indicators evaluated through CSLAP were monitored in 1937 (except water temperature).   The CSLAP testing of Loon Lake has been conducted from 1994  to the present. 

Bacteria
Indicator Microorganisms:  Water pollution caused by fecal contamination is a serious problem due to the potential for contracting diseases from pathogens (disease causing organisms).  Frequently, concentrations of pathogens from fecal contamination are small, and the number of different possible pathogens is large.  As a result, it is not practical to test for pathogens in every water sample collected.  Instead, the presence of pathogens is determined with indirect evidence by testing for an "indicator" organism such as coliform bacteria. Coliforms come from the same sources as pathogenic organisms.  Coliforms are relatively easy to identify, are usually present in larger numbers than more dangerous pathogens and respond to the environment, wastewater treatment and water treatment similarly to many pathogens.  As a result, testing for coliform bacteria can be a reasonable indication of whether other pathogenic bacteria are present.
Fecal Coliform and E. Coli:  The most basic test for bacterial contamination of a water supply is the test for total coliform bacteria. Total coliform counts give a general indication of the sanitary condition of a water supply.
A. Total coliforms include bacteria that are found in the soil, in water that has been influenced by surface water and in human or animal waste.
B. Fecal coliforms are the group of the total coliforms that are considered to be present specifically in the gut and feces of warm-blooded animals.  Because the origins of fecal coliforms are more specific than the origins of the more general total coliform group of bacteria, fecal coliforms are considered a more accurate indication of animal or human waste than total coliforms.
C. Escherichia coli (E. coli) is the major species in the fecal coliform group. Of the five general groups of bacteria that comprise the total coliforms, only E. coli is generally not found growing and reproducing in the environment. Consequently, E. coli is considered to be the species of coliform bacteria that is the best indicator of fecal pollution and the possible presence of pathogens.
Most coliform bacteria do not cause disease.  However, some rare strains of E. coli, particularly the strain 0157:H7 can cause serious illness.  Most of the reported human cases have been due to eating raw produce or under-cooked ground beef.  Cases of E. coli 0157:H7 caused by contaminated drinking water supplies are rare.
Testing for Fecal Coliform and E. Coli:  NYSDOH recommends that well owners test their water for coliform bacteria at least once a year, typically in late spring or early summer, since coliform contamination is most likely to show up during wet weather.  If coliform bacteria are present in the drinking water, the risk of contracting a water-borne illness is increased.  Although total coliforms can come from sources other than fecal matter, a positive total coliform sample should be considered an indication of pollution in a well.  Positive fecal coliform results, especially positive E. Coli results, should be considered indication of fecal pollution in the well.  When coliforms have been detected, repairs or modifications of the water system may be required.  The DOH notes that long-term options for dealing with bacterial contamination of a well include:
A. Connecting to a regional public water system, if possible

B. Inspecting wells for defects and repairing them, if possible

C. Constructing a new well

D. Installing continuous disinfection equipment

E. Using bottled water for drinking and food preparation

(Reference:  NYSDOH, http://www.health.ny.gov/environmental/water/drinking/coliform_bacteria.htm))

Loon Lake Background
In July of 2004 the New York State Department of Health (NYSDOH), Town of Wayland officials and lake residents conducted a water survey in the Loon Lake area.  The sampling and testing was conducted in July and August of 2004 and the survey results were presented to the public at a Wayland Town public meeting on September 2, 2004.

The survey consisted of sampling private well and lake water supplies in the survey area and completion of a questionnaire by residents.  The questionnaire solicited information on, among other things, well type and depth, separation distance between the well and an onsite sewage system and resident interest in public water and/or sewerage service.
Water samples were collected from 112 wells and lake supplies representing 110 properties around the lake.   Water quality testing, performed as part of the survey, confirmed that many private wells and all Loon Lake water supplies are highly vulnerable to contamination.  Of the 83 well samples collected, total coliform was detected in 28 (34%) of the well samples and E. coli was detected 3 (4%) of the well samples.  All 29 lake samples were positive for coliform bacteria and 22 (76%) were positive for E. coli.  The detailed results of that survey are listed in Table 3 on the next page.
Table 3:   NYSDOH 2004 Private Well/Lake Water Survey
SAMPLE SOURCE
	RESULTS
	DUG WELL
	DRIVEN WELL
	DRILLED WELL
	WELL TYPE ?
	LAKE

	Positive1
	4
	1
	20
	3
	29

	Negative2
	0
	2
	49
	4
	0


WELL DEPTH
	RESULTS
	<25 FEET
	25 – 50 FEET
	>50 FEET
	UNKNOWN

	Positive1
	1
	7
	10
	10

	Negative2
	2
	8
	25
	20


DISTANCE BETWEEN WELL & SEPTIC SYSTEM
	RESULTS
	<50 FEET
	51 – 100 FEET
	101 – 200 FEET
	>200 FEET
	UNKNOWN

	Positive1
	10
	7
	5
	1
	5

	Negative2
	10
	22
	6
	4
	13


BACTERIOLOGICAL RESULTS
	RESULTS
	COLIFORM BACTERIA
	ESCHERICHIA coli (E. coli)

	Positive Lake Samples
	29
	22

	Positive Well Samples
	28
	3


NITRATE RESULTS
	RESULTS
	<0.02 mg/L
	0.02 – 1.99 mg/L
	2.00 – 10.0 mg/L
	>10.0 mg/L

	No. of Lake Samples
	18
	11
	0
	0

	No. of Well Samples
	23
	41
	19
	0


Notes:   1  Coliform bacteria found,  2  Coliform bacteria not found  
None of the wells exceeded the NYSDOH’s maximum contaminant level of 10 mg/L for nitrate.   Nineteen (23%)  of wells had nitrate levels of 2.0 mg/L or greater.  Nitrate at 2.0 mg/L or greater is commonly associated with human/animal wasters and/or fertilizers, and may be an indication that human/animal activity is impacting these wells.  The nitrate levels detected in the lake source samples were all less than or equal to 0.06 mg/L.

NYSDOH representatives recommended that the Town of Wayland have a feasibility study conducted to identify and evaluate public water and/or sewerage service options and the conceptual cost estimates and affordability of those options.  That study, coupled with the results of the survey, would provide the Wayland Town Board with basic information to make informed decisions regarding future public water and/or sewerage services and would also support an application to the NYS Environmental Facilities Corporation, USDA Rural Development, and/or the Governor’s Office for Small Cities for funding all, or a portion of the recommended improvements.
Trophic State & Nutrients

Overview

A measure of a lake's health depends to a large extent on the amount of nutrients that enter it. The nutrient  level, or trophic state, of a lake is generally determined by its level of phytoplankton (algae) production. This method of measurement is used because the growth of phytoplankton directly corresponds to the amount of nutrients present in the lake. 

The three trophic states that describe the levels of nutrients and amount of phytoplankton in a lake are oligotrophic, mesotrophic, and euthrophic. Oligotrophic means nutrient levels, particularly phosphate or nitrogen compounds, are low.  When lakes are young, they are oligotrophic.  Eutrophic means nutrient levels are high, and mesotrophic means nutrient levels are between oligotrophic and eutrophic.

Nitrogen is an essential plant macronutrient that exists in many forms.  Fixed nitrogen (N2), ammonia (NH3), nitrite (NO2), and nitrate (NO3) are all forms of nitrogen that can be found throughout the soil, air, plant, and water components of the environment.  Nitrate is the form of nitrogen that plants most readily utilize.
Phosphorus is the limiting nutrient factor which determines aquatic plant production in most lakes, and hence, the trophic state of a lake (Effler et al. 1988).  The concentration of phosphorus in a lake is influenced by the lake’s retention time, the phosphorus loading rate, and the behavior of phosphorus within the lake (Johnson and Effler 1990).
There are numerous factors that determine nutrient levels in a lake.  Human land use practices, such as manure application or maintenance of septic systems, are crucial determining factors because fecal wastes can be significant sources of phosphorus and nitrogen.  On the other hand, if a lake's watershed is largely forested, nutrients are more likely to be held either in the soil, plant biomass or detritus. There is less leaching of nutrients or erosion, and as a result, the water draining into the lake is more likely to be low in nutrients. Another factor contributing to the nutrient content of natural waterways is the presence of wetlands.  Wetlands are critical in filtering and removing nutrients from surface and ground waters that pass through them.

As the water of an oligotrophic lake becomes enriched with nutrients and phytoplankton production increases, numerous changes take place. Like all green plants, phytoplankton produce oxygen, causing the surface of the water to become supersaturated with oxygen. However, oxygen generated by phytoplankton does not replenish the dissolved oxygen levels of deeper water. Phytoplankton has remarkable high growth and reproductive rates. Eventually, a maximum population is reached and a die off occurs.  Dead phytoplankton settles, resulting in heavy deposits of detritus on the bottom of the lake. The accumulation of detritus then supports abundance of decomposers, mainly bacteria. Finally, the depletion of dissolved oxygen results in the suffocation of higher organisms, such as fish.  Furthermore, if the lake is a source of drinking water, its value may be greatly impaired because phytoplankton rapidly clog water filters and may cause a foul taste.

Although trophic levels are generally measured by phytoplankton populations, phytoplankton themselves can be assessed by measuring chlorophyll-a concentrations, transparency, phosphorus concentrations, and surface oxygen depletion. Eutrophic lakes, for example, would have high concentrations of chlorophyll-a, low transparency, high concentrations of phosphorus, and low concentrations of oxygen near the lake bottom.  Phosphorus is found in many different forms in a lake ecosystem.  The forms of phosphorus are technically defined according to laboratory extraction procedures rather than their functional role in the environment.  For example, two forms of phosphorus that are most commonly quantified for environmental studies are Total Phosphorus (TP) and Soluble Reactive Phosphorus (SRP).  Total phosphorus includes all forms of phosphorus (soluble, insoluble, organic, and inorganic).    SRP is organic and soluable and is the form of phosphorus most readily available for aquatic plant uptake (including phytoplankton).

Sources of phosphorus can originate from external loading sources, such as agricultural run-off, wastewater treatment facilities, chemical fertilizers or faulty septic systems.   Sources of phosphorus can also emanate from internal loads, such as lake sediments.  Internal loads do not add to the total phosphorus budget.  However, if the sediment is overlain with oxygen depleted water, it can retard or prevent positive response to a reduction in external loading (Johnson and Effler 1990).  When determining phosphorus concentrations in lakes, it is important to determine the portion of phosphorus that is derived from internal loads.
Loon Lake Background 

From the long-term CSLAP results, the NYSDEC has characterized Loon Lake as mesotrophic (moderately productive), based on long-term averages of total phosphorus near 14 mg/L, chlorophyll-a values below 4 μg/L and Secchi depths (measures water quality) in excess of 5 meters.  For Loon Lake, the Trophic State Index (TSI) evaluation suggests that each of the trophic indicators are “internally consistent”—each of these trophic indicators are in the expected range given the measurements of these other indicators (Charts 2 –5 below and Chart 9 under the Transparency section).

	Chart 2 – No clear trend
[image: image7.jpg]Surface Phosphorus

0025

eutophic
Sooo

£

Eoos

S Nesotrophic
£ oo

20005 | oigorrophic

H

1985 199 1995 2000 2005 2010 2015 2020






	Chart 3 – No clear trend
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	Chart 4 - Nitrogen=TN, Nitrogen Oxide=NOx, Ammonium=NH4
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	Chart 5 – Phosphorus is the limiting nutrient for algae growth (N=Nitrogen, P= Phosphorus)
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Page reserved for future additions
Isidro Bosch, Ph. D. of the Department of Biology at the State University of New York at Geneseo and a class of his students conducted studies of water quality, zooplankton species composition and macrophyte diversity in two trips to Loon Lake in September of 2014.  The chlorophyll-a findings recorded on 9/4/14 are shown below in Table 4 for depths of 1, 3 and 6 meters.  Two samples were analyzed for each depth.  These readings are considerably different than those in Chart 3.  Perhaps, this can be explained because the readings in Chart 3 are averages of top and bottom samples.

Table 4: Concentration of chlorophyll-a


          (ug/L is micrograms per liter)   







       Depth (meters)
        Chlorophyll-a (ug/L)
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Dissolved Oxygen (DO)
When determining overall water quality, Dissolved Oxygen (DO) is an important chemical parameter to consider. Dissolved oxygen is important to aquatic life because detrimental effects can occur when DO levels drop below 4.0 to 5.0 mg/L (milligrams/liter), depending on the aquatic species.

Ambient DO levels can be affected by the growth of algae (phytoplankton) and weeds (macrophytes) feeding on ammonia and nitrate.  In this context, these nitrogenous compounds are nutrients.  Algae and weeds constitute an oxygen source during daylight hours due to photosynthesis and a continuous oxygen sink due to respiration at night.  For moderate nutrient level, photosynthesis and respiration tend to compensate for each other with small overall impact.  Higher enrichment levels, however, lead to eutrophication with potentially strong effects on DO.  Daily fluctuations can develop with supersaturated DO levels during daylight hours due to photosynthesis and very low DO level at night due to respiration. Longer-term fluctuations result from photosynthesis/respiration imbalances during high biomass growth and decay periods. 

In addition to nitrogen, other nutrients are needed for biomass growth, notably phosphorus and silica.  In lakes, phosphorus is typically the limiting nutrient so that the addition of phosphorus will spur growth while the addition of nitrogen will have minimal effects in a standing water lake system.  The major sources of oxygen are from air as well as from photosynthetic aquatic plants and phytoplankton.  The major oxygen depleting processes are cell respiration (from all organisms that live in the lake) and the decomposition of dead organic matter. 

Once the lake stratifies in early summer, the hypolimnion (lower depths) becomes largely isolated from sources of oxygen.  However, the rate of oxygen depletion in the hypolimnion is correlated with the level of biological activity in the epilimnion (upper depths).  That is, as the number of phytoplankton increase in the epilimnion, the oxygen concentration in the hypolimnion decreases.  There is an increase in oxygen demand as the dead phytoplanktons that have sunk to the bottom decompose.
Loon Lake Background (DO)

Dissolved oxygen testing of Loon Lake waters did not start until 2012, when a hand-held, field DO meter was purchased.  Dissolved Oxygen (DO) profiles for the East Basin – the deepest area of the lake (approximately 13 meters) - are shown in Figure 6 on the next page for 2013 through 2015.  The DO levels at the surface fall, starting in February and continuing through most of the summer.  For a significant part of the year the DO at the bottom of the lake is to close to zero (anoxic).

Importance of dissolved oxygen and water temperature

Fish and plants cannot survive without oxygen.  In addition, cold water fish cannot live in water that is too warm.  Therefore, cold water fish would be found deeper in the lake.  If that part of the lake is low or without oxygen, then the deep water fish (like Walleyes) cannot exist.

Loon Lake Background (Water Temperature)
During the summer season, water temperature in the lake increases, but water temperature at the lake bottom is quite stable.  A thermocline (region separating warm from cold water) develops and stabilizes between 5 and 10 meters, creating a thermal barrier (due to the density of the water) that prevents the mixing of the waters of the upper and lower lake (see Figure 7).  This thermocline region does show some variability from year to year.
Figure 6:  Loon Lake 2013 - 2016 Disolved Oxygen Readings
	[image: image12.jpg]DO Concentration (mg/L)

12

2013 Disolved Oxygen (DO)

2

3

4, B & W B9 HO M
Depth (meters)

12 13

-=-6/12/2013
—&—7/6/2013
-=—7/18/2013
-#-8/3/2013
-0-8/16/2013
-#-9/1/2013
- 9/26/2013
-=—10/12/2013
-o-10/27/2013
- 11/3/2013





	[image: image13.jpg]DO Concentration (mg/L)

16

14

2014 Disolved Oxygen (DO)

12 A

10

s

—=—2/1/2014
—+2/17/2014
-=-3/23/2014
-=-5/26/2014
-+—6/30/2014
-=-7/31/2014
—+-8/31/2014
-=—9/27/2014
—+-10/24/2014
-=11/15/2014

2

3

4 5 6 7 8 9 101 12 13
Depth (meters)






	[image: image14.emf]2015 Disolved Oxygen (DO)

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Depth (meters)

DO Concentration (mg/L)

2/23/2015

5/7/2015

5/21/2015

6/10/2015

7/2/2015

8/09/2015

9/10/2015

10/21/2015

11/15/2015


	[image: image15.jpg]DO Concentration (mg/L)

18 1

2016 Disolved Oxygen (DO)

4 5 6 7 8 9 10 11 12 13
Depth (meters)

-=—1/29/2016
-+ 3/13/2016
—3/31/2016
——5/4/2016
-+-6/5/2015
—6/24/2016
—+-7/26/2016
-=—8/19/2016
—+-9/6/2016
——9/28/2016
10/19/2016
12/1/2016







Figure 6 (cont.):  Loon Lake 2017 - 2020 Disolved Oxygen Readings
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Figure 7:  Loon Lake 2013 – 2016 Temperature Profiles
	[image: image20.emf]2013 Lake Temperature

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Depth (meters)

Temperature (Degrees Celsius)

6/12/2013

7/6/2013

7/18/13

8/3/2013

8/16/2013

9/1/2013

9/26/2013

10/27/2013

10/27/2013

11/3/2013


	[image: image21.emf]2014 Lake Temperature

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Depth (meters)

Temperature (Degrees Celsius)

2/1/2014

2/17/2014

3/23/2014

5/26/2014

6/30/2014

7/31/2014

8/31/2014

9/27/2014

10/24/2014

11/15/2014



	[image: image22.emf]2015 Lake Temperature

0

5

10

15

20

25

30

0 1 2 3 4 5 6 7 8 9 10 11 12 13

Depth (meters)

Temperature (Degrees Celsius)

2/23/2015

5/7/2015

5/21/2015

6/10/2015

7/2/2015

8/9/2015

9/10/2015

10/25/2015

11/15/2015


	[image: image23.jpg]2016 Lake Temperature

Temperature (Degrees Celsius,

o 46 & 8 19 49 1 9243
Depth (meters)

-=—1/29/2016
-+ 3/13/2016
-e—3/31/2016
—+5/4/2016
-+-6/5/2016
——6/24/2016
—+-7/26/2016
-=—8/19/2016
—+-9/6/2016
—+-9/28/2016
-=-10/19/2016
~ 12/1/2016







Figure 7 (Cont.):  Loon Lake 2017 – 2020 Temperature Profiles
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Major Ions
Ions are grouped into positively charged cations and negatively charged anions.  Positively charged ions include calcium (Ca2+), sodium (Na+), and magnesium (Mg2+).  Negatively charged ions include carbonate (CO32-), bicarbonate (HCO3-), sulfate (SO42-), and chloride (Cl-). The major sources of ions are from salts that have leached from mineral soils and rocks.  Ions can also originate from anthropogenic sources, such as from road salt, septic systems, bird and animal waste and agricultural run-off.

Loon Lake Background
There has been no comprehensive analysis of major ions in Loon Lake except for the CSLAP calcium data shown in Chart 6 below.

Chart 6:  Long Term Trends: Calcium


• No trends apparent


• Data indicates low susceptibility to zebra mussels

   
   which have not been found in the lake
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pH/Alkalinity
The pH of a lake is a measure of its acidity or alkalinity.  Natural waters exhibit wide variations in relative acidity and alkalinity, not only in actual pH values, but also in the amount of dissolved materials that impact pH.  Alkalinity of waters refers to the quantity and kinds of compounds present, which collectively shift the pH to the alkaline side of pH scale.  The concentrations of these compounds and the ratio to one another determine the actual pH and buffering capacity of a lake.  

The term pH refers to the concentrations of hydrogen ions on a scale of 1 (many hydrogen ions, very acidic) to 14 (few hydrogen ions, very alkaline, or basic).  Pure water is neutral, which is a pH of 7.  The pH scale is logarithmic rather than linear.  This means that a pH of 6 is 10 times more acidic that a pH of 7, and a pH of 5 is 100 times more acidic than a pH of 7.

Plant photosynthesis removes carbon dioxide from water and adds oxygen.  As carbon dioxide molecules are removed from water, an equivalent amount of hydrogen ions are also lost, resulting in an increase in pH.  Rapid plant photosynthesis on a sunny summer day, can drive the pH up to 9 or 10. (source:   Diet for a Small Lake)
Loon Lake Background
CSLAP analysis shows the long-term average pH of the lake at 7.61 (slightly alkaline), with a range of 6.39 to 9.18.  There has been no analysis, CSLAP or otherwise, of the lake alkalinity.  See Chart 7 below.

Chart 7:  Long Term Trends: Loon Lake pH
   • Most readings typical of slightly alkaline to
     circumneutral lakes
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Pesticides
Loon Lake Background
Loon Lake sits in a watershed where a significant portion is used for agricultural purposes.  While it is suspected that the agricultural runoff and adjacent lawn runoff entering the lake contains pesticides, no testing for pesticides has been done on lake waters.

In June of 1962, NYSDOH granted a permit to the Loon Lake Sportsmen’s Club, a precursor to the Loon Lake Association, which allowed the application of a diluted sodium arsenite solution to the lake as a weed-control measure.  The solution of seven and one-half parts of sodium arsenite to one million parts of water was dropped over approximately 200 feet of the lake perimeter and several selected areas in the central portion of the lake.  Sodium arsenite is a known carcinogen and teratogen and can be inhaled or absorbed through the skin.  There was no follow-up testing of the lake waters or sediment, but at the time of application, NYS Water Pollution and Control Bureau personnel offered a report on sodium arsenite treatment of Findley Lake in Chautauqua County showing no harmful effects on health and no intrusion of the chemical to wells close to that lake. 
Temperature
Loon Lake Background
CSLAP volunteers have been collecting summer surface water temperature since 1997 (see Chart 8, below.
       Chart 8:  Long Term Trends: Water Temperature

   
     

 • No trends apparent

    
     

 • Limited deepwater temperature data similar

      
        
      to surface, indicating weak stratification
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Turnover
As explained in The Natural History of Lakes (Burgis and Morris 1987), when the surface waters of a lake begin to warm up in the spring, the heat takes a long time to penetrate to the bottom of a lake.  Eventually, there is a marked difference in temperature between the upper layer of the lake and the water at lower depths.  This means that there is also a difference in density of the water: lighter water floats on top of denser cooler water.  When a lake divides into an upper, warmer layer and a lower, colder layer, the lake is said to be stratified (summer stratification).

The two layers, or strata, are known as the epilimnion (the top layer) and the hypolimnion (the lower layer). Between the epilimnion and the hypolimnion lies a relatively narrow zone frequently called the thermocline. 

As the air temperature declines during autumn, so does the surface water temperature.  Eventually, there is much less difference in density between the water of the epilimnion and that of the hypolimnion. This situation enables the first strong wind to mix the layers of water so that the temperatures at the top and bottom of the lake are essentially the same.  When this process occurs the lake is said to have overturned (fall overturn).

In the winter, if ice covers a lake for prolonged periods, there may be an inversion stratification.  An inversion stratification is when the water immediately under the ice is colder and less dense than the deeper waters. When spring arrives and the ice thaws, the surface of the lake is again exposed to the wind, and as a result, the water is mixed until its temperature is the same from top to bottom (spring overturn or turnover).

Loon Lake Background 
There probably is a spring overturn (or turnover), but if it happens, it happens relatively quickly and it would be difficult to identify unless one was measuring lake temperature and DO on an almost daily basis.

Very cold winter temperatures at Loon Lake form thick ice covering the lake.  The formation of ice cools the water in the upper epilimnion to 32 degrees.  Density of water is greatest at 39 degrees, so as the ice melts the warmer temperatures warm the waters of the upper epilimnion to this temperature.  This water, being denser, will now mix with the lower layers of water producing the turnover.  The upper epilimnion is also saturated with oxygen, so when the warming creates a turnover, DO levels in the hypolimnion should increase.  This may not be that noticeable, since the fall turnover has mixed the strata of the lake already.  However, Loon Lake probably still has some oxidative process going on in the hypolimnion, albeit at a reduced rate, and DO levels at the lowest depths could be depleted prior to the spring turnover.
Transparency
How well one can see an object in water is a measure of the water’s transparency, or clarity. The ability of light to penetrate the water so that the object can be seen depends on the number of particles dissolved or suspended in the water. Sometimes we say that the water looks "murky" or the opposite,  "crystal clear".  Examples of particles that can “cloud up” the water are phytoplankton (algae), dissolved organic matter and inorganic particulate matter (e.g. precipitates of minerals). 

One method that measures transparency is the use of a Secchi disc. Typically, the Secchi disc is 20 centimeters in diameter, is made of metal, and is attached to a rope to be lowered into the water. The depth at which the disc disappears from view is then recorded. The Secchi disc method is based on light penetration and is how the public most often perceives water quality.  Generally, in spring or in autumn, when there is a lot of runoff or when mixing occurs after a storm, there are more particles that enter the water resulting in lower transparency.  On the other hand, in mid to late summer when there is usually less runoff, higher transparencies are often observed.

Loon Lake Background
CSLAP sampling shows the long-term summer (1994 - 2014) average Secchi disc reading of 4.29 meters (See Chart  9  below).  

          Chart 9:   Trends: Water Clarity



   (Secchi disc reading in meters)

   • Increased 95-05; Steady 06-19 

  
  
   • Most readings typical of mesotrophic lakes,

   
          with occasionally very high readings
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Turbidity
Turbidity refers to the amount of suspended particles in water. In a lake, turbidity is typically caused by a mixture of suspended particles that include clay, silt, finely divided organic and inorganic matter, phytoplankton, and other microscopic organisms. These particles can come from tributaries that feed into the lake or they can be re-suspended from lake sediment that has been disturbed or agitated (from either natural or human-induced activities).
Loon Lake Background
Dr. Bosch and his students collected samples to determine turbidity in September of 2014.  By comparison, Loon Lake was more turbid than Conesus Lake. This observation is supported by various metrics.  At a depth of 3 meters Loon Lake had an average turbidity of 3.4 NTU (Nephelometer Turbidity Units) and Conesus Lake had a turbidity of 2.6 NTU (Table 5).  Attenuation coefficients for each lake were calculated at depths of 2 to 4 meters;  Conesus Lake had lower attenuation coefficients (more transparent) than Loon Lake (~ 0.47 and ~ 0.75, respectively, see Table 6,). The Secchi depths were 1.8 -2.1 meters for Loon Lake and 1.7 meters for Conesus Lake (Table 7). These values are essentially the same.  Secchi depth measurements are not precise because they are easily affected by environmental conditions such as cloud cover, wave action and sun angle.

Table 5: Water turbidity as NTU for Loon and Conesus Lakes


  (Each turbidity value is an average of 4 samples)
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Table 6: Attenuation coefficients for Loon Lake and Conesus Lake

(Higher attenuation coefficients indicate that light is being absorbed more rapidly)
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Table 7:  Secchi Depths



(measured in the deepest part of each lake)
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Chlorophyll-a
Chlorophyll-a is a photosynthetic pigment common to all phytoplankton. Thus, researchers typically measure the level of chlorophyll-a in water to quantify the amount of phytoplankton. For example, high concentrations of chlorophyll-a indicate high concentrations of phytoplankton.  In turn, high phytoplankton may indicate high nutrient loading and lower transparencies.  Chart 3 (page 18) depicts the historic chlorophyll-a concentrations for Loon Lake (through 2015).  While there seems to be an increasing trend from 2002 to 2009, the values seem to have settled in the mesotrophic  range in the last 6 years except for 2014 when a vary high reading was recorded.
Phytoplankton
Plankton are microscopic plants and animals and are of two types:  phytoplankton (plant component) and zooplankton (animal component).  Phytoplankton are microscopic plants that are common to most surface waters. Most often, phytoplankton consist of a large number of algal species which need light, nutrients, and warm temperatures to multiply. Like all green plants that photosynthesize, phytoplankton absorb light and carbon dioxide during the day, which results in the production of oxygen and glucose. During the night, they consume oxygen and use glucose in a process called cell respiration. When phytoplankton die, they fall to the bottom of the lake and decompose. This event also consumes oxygen.

Phytoplankton are a key regulator of water transparency; they effect oxygen concentrations in lower depths, and are indicators of phosphorus levels. Many researchers quantify phytoplankton by measuring the amount of chlorophyll-a pigment found in a cubic meter of water. However, identifying specific species of phytoplankton can also be used as a method to determine the trophic conditions of a lake.

Loon Lake Background
There has been no phytoplankton species analysis or attempt to link the different taxonomic groups as an indicator of the trophic status of Loon Lake.

Zooplankton
Zooplankton are largely made up of Copepods, Cladocera, and Rotifers and are generally less than 2 millimeters  in length.  Some zooplankton feed on plants (herbivores), some feed on animals (carnivores) and some feed on plants and animals (omnivores).  Zooplankton are considered a biologically important component of a “healthy”  lake. They control algae and other phytoplankton, bacteria populations, and form an important food component for several fish species.  As a result, zooplankton populations are valuable indicators of change in the conditions of a lake.

Loon Lake Background 

Dr. Bosch and students found that rotifers were the most abundant zooplankters in Loon Lake with a maximum density of 259, 545 individuals per cubic meter (I/m3), followed by cladocerans (water fleas) – average 30,465 I/m3 and maximum 62,727 I/m3, and cyclopoid copepods average 18,182 I/m3 and maximum 33,636 I/m3, not including nauplius larvae (32,698 I/m3).

The dominant rotifers were Keratella (mostly K. cochliaris), Kellicottia longispina, and Polyarthra (mostly P. vulgaris). The most abundant crustaceans were the herbivorous cladocerans,  Daphnia galeata, Bosmina longirostris and the predatory copepod Acanthocyclops sp., with average densities of 12, 955, 11,818, and 9,659 I/m3, respectively. The average crustacean length in Loon Lake (0.828 mm) was larger than that of Hemlock Lake (average of 0.340 mm) and Conesus Lake (average of 0.268 mm). Given their abundance, large size, and calculated filtration rates, Loon Lake herbivorous zooplankters have the potential to filter nearly a quarter of the lake volume in a day. (Reference Tables 8 and 9 for details.)
Table 8:  Average abundance of common crustaceans and rotifers

       per cubic meter (I/m3)



     Species

       I/m3

[image: image35.jpg]Cladocera

Ceriodaphnia 3,636
Bosmina 11,818
Daphnia 12.955

Diaphanosomal 1,136

Copepoda
jauplius larvae] 32,689
Mesocyclopsx 1,591
Tropocyclops 545
WAcanthocyclops|
Calanoid spp. 1,932
Diacyclops 1,727
Rotifera
Keratella 54,773
Kellicottia 15,455
Polyarthra 9,545





Table 9. Average abundance for the most abundant crustaceans and rotifers


  (at depths of 3 and 6 meters: “group” is the % of total for the group)

 _______________________________________________________________________

[image: image36.jpg]Taxonomic Group 3m 6m Avg 3-6 m___group
Cladocera 17,273 43,636 30,455
Daphnia 5,455 20,455 12,955 43
Ceriodaphnia 1,818 5,455 3,636 12
Bosmina 7,500 16,136 11,818 39
Cyclopoidea 23,182 12,500 17,841
Acanthocyclops 13,636 5,682 9,659 52
Rotifera 38,182 145,227
Keratella 18,409 91,136 54,773 55
Kelicottia 15,682 15,227 15,455 2
Polyarthra 3,636 15,455 9,545 10





CONCLUSIONS
• Loon Lake has a diverse and abundant zooplankton community that is comprised of

species characteristic of the region.

• The dominant species in terms of biomass is the herbivorous cladoceran Daphnia

galeata.  Rotifers are more abundant but their small size and low feeding rates

make them less important to the trophic dynamics of the lake.

• The potential feeding rate of the herbivorous zooplankters in Loon Lake is 38%.
This is higher than feeding rates in Conesus Lake, where the introduced alewife

continues to prey on and suppress the large species of Daphnia.

• One important management goal should be to protect the large zooplankters in Loon

Lake by keeping the populations of predatory baitfish in check and by preventing the

Introduction of new baitfish species.

Macrophytes
Macrophytes are rooted aquatic plants.   Aquatic vegetation in any lake is limited to the sandy

soils of the littoral zone. This area is loosely defined as the zone between the high-water

mark and where sunlight can no longer reach the bottom.

Loon Lake Background
Dr. Bosch and students conducted a survey of the submerged macrophyte community in Loon Lake in September of 2014 to establish a record of diversity and abundance, to identify possible threats by unknown invasive species and to determine the effects of mechanical weed harvesting on the dominance of the invasive Eurasian Watermilfoil.  Most of the macrophytes in Loon Lake were concentrated at depths of 2 - 3 meters, where 76.9% of the total biomass was collected.

Among the 12 species recorded, the most abundant was White-stem Pondweed at 48.5% of the total biomass, followed by Wild Celery (also known as Eelgrass) and Clasping-leaf Pondweed, making up 22.1% and 13.9%, respectively. There was a shift in dominance from Water Celery at 0.5-1.0 meter to White Stem Pondweed at 2 meters and Clasping Leaf Pondweed below 3 meters.  The invasive Eurasian Watermilfoil was only 1.5% of the collection.

The mechanical harvesting program seems to be effective in controlling macrophyte biomass in Loon Lake. Additionally, the physical disturbance to the system caused by the harvester has not promoted dominance by the aggressive Eurasian Watermilfoil, whose growth may be limited by the low nutrient levels of the lake.  (Reference Tables 10 and 11 below.)

CONCLUSIONS
• 12 species of macrophytes were collected in Loon Lake, ten of these are native and

enjoy a wide distribution in regional lakes.

• The most abundant species were; wild celery; two pondweeds (white-stem and

clasping-leaf) which favor low nutrient lakes.  The invasive Eurasian

Watermilfoil and curly-leaf pondweed were not abundant.

• The mechanical harvesting program seems to be effective in managing the

macrophytes without disturbing the system in ways that would favor

Eurasian Watermilfoil.

• Conclusions are that the distribution of biomass is indicative of an ecological trend.

These conclusions are tentative because only two collections were made when it was

late in the growing season and after weeks of harvesting.



Table 10: Species and total biomass of submersed macrophytes

    (g = grams)
[image: image37.jpg]Species Name

Common Name

Species
Total Mass (2)

Relative Abundance
(% of Total)

Potamogeton perfoliatus | Clasping leaf pondweed 3843 13.89
Elodea canadensis Common Waterweed 87.42 316
Ceratophyllum demersum Coontail 165.9 599
Potamogeton crispus Curly-leaf pondweed 412 148
Myriophyllum spicatum Eurasian watermilfoil 4184 1.51
Chara sp. Musk grass 232 0.08
Potomogton pectinatus Sago pondweed 0.15 0.01
Najas flexilis Slender Naiad 254 0.09
Potamogeton perfoliatus | Variable-leaf pondweed 72,05 2.60
Heterantheria dubia Water stargrass 16.1 0.58
Potamogeton praelongus | Whitestem Pond Weed 1341.48 48.49
Vallisneria americana Wild celery/Eelgrass 611.09 22.09





Table 11. Total blotted weight and relative abundance of biomass

    (The sampling effort was comparable at each depth in meters)
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Chart 10:  Percent of the total wet weight collected (that was comprised by each species) 



     Four species not shown on the graph (Musk grass [an algae], Sago Pondweed, Slender
  

     Naiad and Water Stargrass) were less than 1% of the total and are shown as “Other”
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The next three pages show pictures of the 12 species of water plants (macrophytes) found in Loon Lake
   


Clasping-leaf pondweed



    Common waterweed
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      Curly-leaf pondweed
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     Eurasian watermilfoil





Musk grass
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Sago Pondweed




         Slender naiad
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Variable-leaf pondweed




  Water stargrass
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         Whitestem pond weed




      Wild celery eelgrass
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Page reserved for future additions

Fishery 
A fishery is an entity engaged in raising or harvesting fish which is determined by some authority to be a fishery.  A fishery is typically defined in terms of the people involved, species or type of fish, area of water or seabed, method of fishing, class of boats, purpose of the activities or a combination of the foregoing features.
Loon Lake Background
Dr. Bruce Gilman, Dr. John Foust and three students sampled the fish on two days in September of 2014, utilizing an electro-shocking process.  In a total of 13 shoreline runs on the two days a total of 863 fish were sampled and returned to the lake (except for 5 European carp). Fourteen different species were identified with yellow perch being the most abundant. Relative species composition for the entire lake is presented in Figure 6.  A regionally uncommon species, the creek chubsucker (see photo on next page), known to be in the lake from unpublished NYS DEC reports was found in this survey and accounted for 7% of the capture. The only invasive fish detected was the European carp. 

The European or common carp is native to Asia but extensive introductions have helped to distribute it across the globe. Their history as a farmed fish dates back to Roman times. Carp were brought to the United States in the early to mid-1800s. By the late 1800s, native fish stocks had declined as a result of over harvest and habitat pollution, so Federal and State fish commissions began an intensive effort to encourage the public to cultivate carp, a fish that could thrive in poor quality waters, as a food fish. 
An opportunistic bottom-feeder, European carp uproot aquatic vegetation, increasing the turbidity (muddiness) of shallow lake zones thereby reducing the opportunity for native predatory fish to see their prey. Submerged aquatic plant growth may also be reduced under these murky conditions. This can negatively affect waterfowl that depend on plants as food. Carp can also quickly out-compete other fish through their high fecundity and the rapid growth rate of fingerlings. Due to these ecological impacts, European carp are considered an invasive species that can degrade the fisheries of small lakes.

Hence, millions of dollars have been spent annually by natural resource agencies to manage European carp populations. Eradication of established carp populations is nearly impossible. However, there is little concern of the carp having detrimental impacts to the Loon Lake fishery due to the very low population.
Loon Lake has been stocked with various fish going back to at least 1932 (see Appendix E).  About 8,000 sterile tiger muskies were put into Loon Lake from 1985 to 1990 by the DEC.  They were put in to control the number and size of perch (the muskies only lived about 10 years).  From 1989 to 1990, the LLA stocked 1,800 large mouth bass.  2,000 walleye fingerlings were stocked per year from 1999 to 2001 (the bass ate most of them). 100 channel catfish of all sizes were stocked around 1990.

The Loon Lake Association is currently conducting a five year fish stocking program and has established a volunteer fund to do this.  100 + walleyes have been stocked each year from 2012 – 2014.  The 6” to 10” size has been found to be the best for survival.

Figure 8:  Relative Species Composition of Loon Lake Fish Community
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SECTION III -- LAND USE, ECONOMY, AND CULTURAL RESOURCES

Existing Land Use
The land immediately adjacent to Loon Lake is comprised primarily of residences with about 1/3 occupied  year-round and the remainder occupied seasonally.
 
Roads/Highways
The lake is bounded by Route 92 and Antler’s Inn on the North;  Laf-A-Lot Road and Davis Road on the West;  Chapel Road on the South;  County Route 121 and  East Lake Road on the East.  Antler’s Inn, Laf-A-Lot, Davis, Chapel and East Lake are Town of Wayland roads.  Routes 92 and 121 are Steuben County roads.
Recreation 
The lake is used during the summer months for swimming, boating and fishing.  During the winter months, ice fishing is popular.  There is a small portion of the land bordering the lake that is still farm land and a small portion that is wetlands.
Tourism
From the 1880’s until the 1950’s the lake was a popular tourist spot.  These days the lake is mostly surrounded by cottages and homes with only one restaurant and one retail business.  A few cottages are rented out during the summer months to visitors.
Real Estate
The lake is surrounded by approximately 165 real estate parcels.  Real estate values were fairly constant for several years, but after the Town of Wayland reassessment in 2008, real estate values have been more variable.
Municipal Waste Water Treatment Facilities
None
Landfills
No official ones.
SECTION IV -- WATERSHED LAWS/ORDINANCES/REGULATIONS

Building Permits
   (The material below was excerpted from the Town of Wayland Local Law No. 4, 1995)


LOCAL LAW
“A local law requiring permits for building & construction activity, for placement of manufactured homes, for regulation of mobile home parks and for land area requirements.”

Water Ordinance 

(The material below was excerpted from the Town of Wayland Local Law No. 3, 1996.)


TITLE


This law is known as the “Town of Wayland Water Conservation and Permitting Program”.


PURPOSE
This law is enacted in the public interest, for the purpose of securing and promoting the public health, comfort, convenience, safety, welfare and environment of the Town of Wayland and its inhabitants in order to protect the public potable water supply of the Town from the possibility of contamination or overuse, to protect the aquifer in the Town, and to supplement permit requirements as set for by the NYSDEC.


FINDINGS
The primary source of water in the Town of Wayland is an underground aquifer, which must be protected to ensure that the quality and quantity of water available meets both present and future demands.


USE RESTRICTIONS
All new residential construction shall comply with the New York State Energy Conservation Construction Code.


PERMITS
A permit is required before any person may take any of the following actions:

(A)   install a new water supply system

(B)   expand an existing water supply system

(C)   acquire, take or develop any new of additional source of water supply in connection with a new



        or existing water supply system

(D)   sink or drill any additional well intended to serve a water supply system

(E)   increase the amount of water diverted from a source of water supply already in use

(F)   enter into a contract or other agreement for the supply of water to three or more new service

        connections

(G)   change the use of any existing water supply system including a change from a backup or

        emergency source into a primary water source.

Waste Water Zoning Laws
   

(The material below was taken from the Town of Wayland Code Office Policy of 8/16/2013)

TOWN OF WAYLAND SEPTIC POLICY
(A)   Any working septic system, already in place, in the Town of Wayland is approved.

(B)   Any septic system in need of repair or installed new will require and Engineered system.

        

Chart 11:  On-Site Wastewater Systems Regulatory Process Flow Chart
[image: image53.jpg]System shall be

Is the use industrial,

commercial, or other non- ng‘g"ed by ‘a
residential use, permitted by the DOH fofesonat
(such as campground, restaurant, engineer an

approved by the

2
Mobile home park) DOH and/or DEC

A PE shall complete site
evaluation. Plan shall be prepared
and certified by a PE. DOH
approval is not required

Is it a replacement
system for a Residence?

Is the site Site evaluation

: appropriate and plan shall be

Is it new construction/ o completed by and
single family residence?, conventional certiied by a PE
| leachfield? DOH approval is

No not required

|Site evaluation to be performed by a PE.
If appropriate, PE chooses one of the
pre-approved local waiver plans and
submits a site-specific plan to the
Town. No site-specific approval by

I the Town participating
In the local Waiver
Program?

DOH is required
(OR)
Owner must hire his or | | Owner can use a plan other than the pre
her own engineer to pre | | -approved local waiver plans, but a site
-pare a site-specific plan | | -specific plan must be prepared by a PE
and submit it to the DOH and submitted to the DOH for a
for site-specific waiver site-specific waiver





SECTION V – ISSUES AFFECTING LOON LAKE AND ITS WATERSHED

Issues/Background
ISSUE:  Algae
Most algae are harmless, naturally present, and an important part of the food web. However excessive algae growth can cause health, recreational, and aesthetic problems.  Some algae can produce toxins that can be harmful to people and animals. High quantities of these algae are called Harmful Algal Blooms (HAB's). 
Cyanobacteria is a phylum of bacteria that obtain their energy through photosynthesis.  The name "cyanobacteria" comes from the color of the bacteria.  They are often called blue-green algae.

By producing gaseous oxygen as a byproduct of photosynthesis, cyanobacteria are thought to have converted Earth’s early reducing atmosphere into an oxidizing one, causing "rusting of the Earth" and dramatically changing the composition of life forms on Earth by stimulating biodiversity and leading to the near-extinction of oxygen-intolerant organisms.

Cyanobacteria utilize nutrients efficiently due to their small cell size and produce toxins that deter herbivory. These unique characteristics could  lead to an accumulation of cyanobacterial biomass which in some cases can be toxic to humans.
BACKGROUND:  Late season blooms continue a pattern that emerged in recent years in (~2006) in Loon Lake, as indicated by analysis of CSLAP data.  Significant amounts of cyanobacteria, such as Microcystis and Anabaena, as well as diatoms and dinoflagellates have been detected.

In 2014, the heaviest shoreline bloom samples were dominated by (very high levels of) blue green algae although less intense blooms may also be comprised of a variety of algae species.  The trigger for these blooms in some years is not yet known. It is possible that a reduction in lake phosphorus levels would reduce the susceptibility to high intensity algae blooms.
ISSUE:  Aquatic Vegetation:
Aquatic plants benefit the lake by stabilizing banks, oxygenating water, protecting small fish and creating spawning habitat, acting as refuges for zooplankton (important to the food chain) and serving as food sources for waterfowl and wildlife.  But excessive aquatic vegetation growth can complicate or restrict certain uses of the lake.  Funds available for harvesting the plants continue to be challenged on a yearly basis.  More attention should be given to preventive measures, such as reducing of nutrients and siltation, through watershed management programs and education.  In the end, what is needed is a balanced approach that maintains the recreational value of the lake while promoting an ongoing healthy habitat for all living creatures.
BACKGROUND:  Loon Lake has been harvesting aquatic vegetation on an annual basis since 1985.  Residents have supported this management solution rather than chemical treatment for control.  However, mechanical harvesting does present unique problems.  Cutting the aquatic weeds may hurt the food chain, removing food and habitat, particularly for young fish.  Harvesting in shallow areas does disturb the lake bottom sediment, causing suspension of fine sediment.  The effects of this suspended sediment is not known.  Also, during the harvesting, some weed fragments float away and may re-root in other parts of the lake, potentially intensifying any weed problems.  After being cut, many weeds develop additional branches and grow back denser.

ISSUE:  Boating Speed/Noise/Safety/Shoreline Erosion/Irresponsible use of boats
BACKGROUND:  The Loon Lake Association prints a page of basic information on boat and water safety in its yearly directory.  It also recommends traffic direction on Loon Lake as counter-clockwise. A boat speed of 6 mph at a distance of 100 feet from the shoreline, docks, anchored boats and floats is recommended.  All NYS lake boating laws also apply to Loon Lake.  The Association counts on the cooperation of all lake residents and visitors to follow these guidelines and laws.
ISSUE:  Communications with watershed residents
Up until the LLWIA was formed in 2013 most communications was with lake residents through the Loon Lake Association and its Loon Lake Link which is published 4 times per year.  The DOH and the Town of Wayland also conducted a few meetings.
ISSUE:  Development and Construction
All development and construction around Loon Lake is governed by the town of Wayland zoning laws.

ISSUE:  Fishery
European or common carp have been identified in the lake, although not in great numbers.  Multiple factors can impact the ability of the lake to support a healthy and diverse fish population.  Stocking of fish at considerable yearly cost has been necessary to sustain a reasonable fishing experience for anglers.

ISSUE:  Herbicide and Pesticide use  
Pesticides generally refer to herbicides, fungicides and insecticides.  These products are designed to kill or control pest insects, weeds and fungal diseases.  Chemicals are used throughout the watershed by individuals, farmers and municipalities to manage cropland, roadside areas, etc.  The effect on water quality of the lake is not known.

ISSUE:  Highway Maintenance
Road bank erosion occurs from either new road construction or from cleaned out existing road ditches that are not properly stabilized. Over-application and inadequate storage practices of salt and other de-icing agents can also negatively affect water quality either directly from runoff, or indirectly by causing damage to vegetation.

Rock salt remains the most common material use by highway departments across the country and in the watershed.  But highway departments are using more SWP Treated salt (commonly called “Blue Magic”).  It is rock salt treated with magnesium chloride and is made by Sweeteners Plus of Wayland, NY among others.  It is sometimes put on road surfaces before a snowfall.  The addition of magnesium chloride makes the de-icer stick to the road surface better,
ISSUE:  Household Chemicals

Many products used around the home, garden and garage contain potentially dangerous chemicals that, if improperly used, stored or disposed of, can contribute to water pollution and adversely affect sewage treatment.

ISSUE:  Illegal Dumping:  
BACKGROUNDS:  Some lake residents dump their leaves and other waste materials directly into the lake or into areas where they are washed into the lake.

ISSUE:  Invasive species
Several invasive exotic species have been found in the watershed and represent a biological management concern.  There is a need to conduct a thorough scientific inventory of invasive species within the watershed so a management plan can address the problem.

Exotic, or non-native, species are plants/animals that are introduced (either accidentally or purposefully) from a different part of the country or world.  Once they are established outside their natural range, exotic species have a potential to seriously disrupt the ecological balance of a terrestrial or aquatic ecosystem by limiting biodiversity and altering natural succession, among other effects.  Exotic species can become particularly problematic when they compete with or even eliminate native species. Functionally healthy and established environmental communities seem more resistant to invasion and disruption.  Thus, ecosystems already altered and changed by humans are more easily invaded by exotic species.

Curly-leaved Pondweed (Potamogeton crispus) and Eurasian Watermilfoil (Myriophyllum spicatum) are two problematic plant species that have been identified in the watershed.  The lake would benefit from a

 comprehensive physical macrophyte survey to establish the type, location and extent of all aquatic plant species and routinely monitor the lake to identify potential invasive species taking root (e.g., Hydrilla).

ISSUE:  Land Use Changes
Over the past 100 years, the area surrounding Loon Lake has changed from being occupied by 5 major farms to a lake ringed with cottages and year-round homes with much reduced agriculture.
ISSUE:  Onsite Waste Treatment Systems (OWTS)
A survey was mailed to Loon Lake residents on October 25, 2014 requesting information on their septic systems (among other things).  124 residents responded to the question “How old is your septic system in years?”  The responses were:
[image: image54.jpg]50%

60%

70%

0%

90% 100%




123 residents responded to the statement “My septic system may be polluting my well or lake water” by rating the issue from 1 (not important) to 4 (very important).  See the chart below:
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ISSUE:  Perception of Lake by residents
There has been no appreciable change in the perception of lake residents with regard to weeds, clarity and recreation since 1994, although other ISSUE sections indicate concerns in other areas.
Chart 12:  Long Term Trends: Lake Perception


• No trends apparent


• Recreational perception at times linked to


   changes in either water quality or weeds
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ISSUE:  Political Support
In the past, political support involving issues impacting Loon Lake has not been actively sought except for a meeting with New York State Senator Thomas F. O’Mara on August 27, 2013 and various meetings with Town of Wayland officials.
ISSUE:  Private Drinking Water Supply
A survey was mailed to Loon Lake residents on October 25, 2014 requesting information on their water sources (among other things).  123 residents responded to the “What do you currently use for your water supply?” question.  Approximately 76% of the respondents  answered “well water” and approximately 24% answered “lake water”.  124 residents responded to the “Do you have a water treatment system at your lake residence?” question.  Around 39% or those respondents answered yes and the remaining 61% answered no.

Algae levels are usually not high enough to render the lake susceptible to taste and odor compounds or elevated DBP (Disinfection By Product) compounds that could affect the potability of the water.  However, Loon Lake is not classified for potable water use.  Hypolimnetic phosphorus and ammonia readings are slightly higher than those measured at the lake surface, and deepwater ammonia levels were slightly higher than normal in 2014. However, these readings are usually below levels of concern, so any “unofficial” deep intake potable water use may not be impacted.
ISSUE:  Public Access
Most of the land around the lake is privately held, giving it an unofficial classification as a “private lake” with the local municipality and the NYSDEC.  There are no public boat launching facilities on the lake, but the public does have access to the lake either as an invited guest of lake shore property owners or at a launch-for-fee access available to all at a lake side tavern/restaurant.   Some citizens have expressed an ongoing desire to have more public access for water recreation.  Some property owners, however, are concerned that there will be increased traffic and inadequate controls.
ISSUE:  Public Health  
In a NYSDOH survey conducted in 2004, water samples were collected from 112 wells and lake supplies representing 110 properties around the lake.  Water quality testing, performed as part of the survey, confirmed that many private wells and all Loon Lake water supplies are highly vulnerable to contamination.  Of the 83 well samples collected, total coliform and E. coli were detected in 28 (34%) and 3 (4%) of the well samples, respectively.  All 29 lake samples were positive for coliform bacteria and 22 (76%) were positive for E. coli.

ISSUE:  Real Estate Values 
Over the years, many small fishing shacks or cottages have been torn down/upgraded into larger residences (often year-round).   Property values increased significantly between the property assessment done by the Town of Wayland in 1995 and the one done in 2010.  This is consistent with what has happened around most NYS Lakes.  From 2010 to present, property values have remained fairly stable.

ISSUE:   Sediment (already in the lake)
No scientific studies of the existing sediment in Loon Lake have been conducted to date.

ISSUE:  Storm Water and Sediment Control
In addition to the two streams feeding the lake intermittently, many culverts and drains have been installed in the past around the lake to drain off water.  These drain directly into the lake without regard to silt, etc. being carried into the lake. Plumes of silt are seen out into the lake from several locations after heavy rains.  Nothing is observed growing in these areas.  In the past water was diverted into the lake without regard to consequences to the lake.  The parking lot at Laf-A-Lot also streams runoff into the lake.

ISSUE:  Stream Corridor Management
Silt and pollutants in storm water from intermittent running streams at Rt. 21 and Antler’s Inn Rd. are brought into the lake from winter snow melt and during heavy rains.
ISSUE:  Trophic State & Nutrients (reference “Trophic State and Nutrients” charts on page 17)

Phosphorus & Nitrogen:  Results of CSLAP testing since 1996 show no apparent problem with phosphorous levels increasing or the long term Nitrogen to Phosphorus (N:P) ratio changing much.  Phosphorus remains the limiting nutrient for plant and animal growth.  There is, however an unexplained increase in bottom Phosphorus since 2010.

Chart 13:  Long Term Trends: Surface and Bottom Phosphorus

   
 

• Surface TP very stable
    
 

• Elevated bottom TP indicates
      
   

   high internal nutrient cycling at times
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Calcium:  See Chart 6 on page 26 for CSLAP calcium data.

pH level:  CSLAP analysis shows the long-term average pH of the lake at 7.61, slightly alkaline, with a range of 6.39 to 9.18.  There has been no analysis, CSLAP or otherwise, of the lake alkalinity.

Chlorophyll-a:  18 years of CSLAP data show the chlorophyll-a readings solidly mesotrophic except for

 2009 and 2014 (see Chart 3, page 18).
Overall Trophic State:  From 1997 to 2015 Loon Lake has remained close to or solidly in the

mesotrophic state (see Charts 2 and 3, page 18).
ISSUE:  Turbidity:
The cyanobacterial biomass might explain Loon Lake’s high phytoplankton standing crop and turbidity despite its mesotrophic nutrient conditions.  Other contributions are runoff, wind and mechanical weed harvesting.
ISSUE:  Wetlands Management
Wetlands (swamps, marshes, bogs, and similar areas) are areas saturated by surface or ground water sufficient to support distinctive vegetation adapted for life in saturated soil conditions. Wetlands serve as natural habitat for many species of plants and animals and absorb the forces of flood and tidal erosion to prevent loss of upland soil. (source:  DEC Website)

BACKGROUND:  Loon Lake has two wetlands.  The one at the Southwest part of the lake is under the auspices of the Army Corp of Engineers.  The one at the Southeast part of the lake is under the auspices of the DEC. 

ISSUE:  Yard and Garden Management
A properly maintained home landscape can reduce soil erosion while increasing water retention; unfortunately, most of the cottages on Loon Lake are built very close to the water’s edge. Much of the landscaping is manicured lawns leading directly to the shoreline allowing run off of sediment, grass clippings, fertilizers, pesticides and pet wastes directly into the lake. There are a few shorelines that are naturally treed and include bushes and ground cover that slow and absorb run off. 
Property owner sometimes over-apply lawn and garden chemicals, including fungicides, insecticides, herbicides and fertilizers increasing toxic and nutrient loading to both surface and groundwater. The disposal of unused lawn and garden products can also negatively impact water quality as can landscaping choices related to water use and disposal of yard wastes. In particular, bonfires and burning of materials near the lakeshore can be a source of nutrients and other contaminants. 
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LIST OF ACRONYMS
ACOE

Army Corps of Engineers

Chla

Chlorophyll-a

CSLAP

Citizens Statewide Lake Assessment Program

DO


Dissolved Oxygen

HAB

Harmful Algal Blooms

LLA


Loon Lake Association

LLWIA
Loon Lake Watershed Improvement Alliance

m3


Cubic Meters

mg/L

Milligram/Liter

ug/L

Microgram/Liter

NYS

New York State

NYSDEC
NYS Department of Environmental Conservation

NYSDOH
NYS Department of Health

NYSDOT
NYS Department of Transportation

NYSFOLA
New York State Federation of Lake Associations

NTU

Nephelometric Turbidity Unit

pH


Alkalinity (7.0 = neutral)

SRP

Soluble Reactive Phosphorus

SUNY ESF 
State University of New York College of Environmental Science and Forestry




(main campus in Syracuse NY)
TP



Total Phosphorus
TMDL

Total Maximum Daily Load

TN


Total Nitrogen

TSI


Trophic State Index

USDA

United State Department of Agriculture
GLOSSARY OF TERMS
Alluvial   An adjective referring to soil or earth material that has been deposited by running water, as in a riverbed, flood plain, or delta.
Alluvial fan   A fan- or cone-shaped deposit of sediment crossed and built up by streams.  If a fan is built up by debris flows it is properly called a debris cone or colluvial fan.
Alluvium   A noun referring to a deposit of clay, silt, sand, and gravel left by flowing streams in a river valley or delta, typically producing fertile soil.
Anion  A negatively charged ion. 
Anoxic   Low amount of oxygen.
Anthropogenic   Of, relating to, or resulting from the influence of human beings on nature.
Aquifer   An underground layer of porous rock, sand, or gravel containing large amount of water. The term is usually restricted to those water-bearing structures capable of yielding water in sufficient quantity to constitute a usable supply.
Attenuation coefficient    A quantity that characterizes how easily a material or medium can be penetrated by a beam of light, sound, particles, or other energy or matter. A large attenuation coefficient means that the beam is quickly "attenuated" (weakened) as it passes through the medium, and a small attenuation coefficient means that the medium is relatively transparent to the beam. The attenuation coefficient is the reciprocal of the penetration depth, and is measured in units of reciprocal length.
Biomass   Total mass (dry weight) of living matter within a given unit of environmental area.
Carcinogen   Any substance or agent that tends to produce a cancer. 
Cation   A positively charged ion.
Chlorophyll   The green pigment of plants.
Cladoceran   Any of various small, mostly freshwater crustaceans of the order Cladocera, which includes the water fleas.
Coliform   Of, relating to, or resembling a coliform bacillus.
Coliform bacillus   Any of several bacilli, especially Escherichia coli and members of the genus Aerobacter, found as commensals in the large intestine of humans and certain other animals, the presence of which in water indicates fecal pollution. 
Copepod   Any of numerous minute marine and freshwater crustaceans of the subclass Copepoda, having an elongated body and a forked tail.
Cryptophytes   Small flagellated brown algae.
Detritis    Rock in small particles or other material worn or broken away from a mass, as by the action of water or glacial ice or any disintegrated material; debris. 
Diatoms   Any of numerous microscopic, unicellular, marine or freshwater algae of the phylum Chrysophyta, having cell walls containing silica. 
Dinoflagellates   Any of numerous chiefly marine plankton of the phylum Pyrrophyta (or, in some classification schemes, the order Dinoflagellata), usually having two flagella, one in a groove around the body and the other extending from its center. 
Ecology  The study of inter-relationships of living things to one another and to the environment.
Ecosystem   A community of animals, plants, and bacteria, and its interrelated physical and chemical environment.
Epilimnion   Warm upper layer of a body of water.
Eutrophic   Having waters rich in phosphates, nitrates, and organic nutrients that promote a proliferation of plant life, especially algae. Used of a lake, pond, or stream. Compare dystrophic, oligotrophic.
GLOSSARY OF TERMS (cont.)
Fecundity  Fruitfulness and fertility, the ability to produce abundant healthy growth or offspring.

Fingerlings   A young or small fish.
Fry   Recently hatched fish.
Glacial till   Mixture of rocks, boulders, and soil picked up by a moving glacier and carried along the path of the ice advance. The glacier deposits this till along its path when it recedes.
Groundwater   Generally, all subsurface water.
Hardpan   A layer of nearly impermeable soil beneath a more permeable soil. It definitely limits the downward movement of water and roots.
Hervivors   Animals which feed on grass and other plants.
Hydrology   The study of the movement and storage of water in the natural and disturbed environment. The condition of the aquatic environment at some specified time and place.
Hypolimnion   The lowermost, non-circulating layer of cold water in a thermally stratified lake or reservoir.
Ion   An electrically charged atom.
Limnology   The study of the physical, chemical, hydrological, and biological aspects of fresh water bodies.
Littoral zone   That portion of a body of fresh water extending from the shoreline lakeward, up to the limit of occupancy of rooted plants.
Load   The amount of material that a transporting agency, such as a stream, is actually carrying at any given time.
Macroinvertebrates   An animal without a backbone, large enough to see without magnification.
Macrophytes   Plants in the aquatic environment, large enough to see without magnification.
Metalimnion   Middle layer of a thermally stratified lake. In this layer there is a rapid decrease in temperature with depth. (Also referred to as Thermocline.)
Mesotrophic Lakes   Lakes with an intermediate level of productivity. These lakes are commonly clear water lakes and ponds with beds of submerged aquatic plants and medium levels of nutrients.
N   Chemical symbol for nitrogen.
Nephelometric   A method of measuring turbidity in a water sample by passing light through the sample and measuring the amount of light that is deflected.
Oligotrophic   Characterized by a low accumulation of dissolved nutrient salts, supporting but a sparse growth of algae and other organisms, and having a high oxygen content owing to the low organic content. 
P   Chemical symbol for phosphorus.
Pathogens   Disease causing organisms.
Petroliferous   Containing or yielding petroleum

Photosynthesis   The process in green plants and certain other organisms by which carbohydrates are synthesized from carbon dioxide and water using light as an energy source. Most forms of photosynthesis release oxygen as a byproduct.
Phytoplankton   Microscopic floating plants that live suspended in bodies of water.

Plankton   The community of suspended or floating organisms that live in open water.
Respiration   The transport of oxygen from the outside air to the cells within tissues, and the transport of carbon dioxide in the opposite direction.

Riparian   Pertaining to the banks of a river, stream, or other, typically, flowing body of water. Also the plant and animal communities along such bodies of water.
GLOSSARY OF TERMS (cont.)
Rotifer   Any of various minute multi-cellular aquatic organisms of the phylum Rotifera, having at the anterior end a wheel-like ring of cilia (hair like structures).
Runoff  That portion of precipitation that moves from the land into surface water bodies.
Secchi disk   A circular plate used to measure the transparency or clarity of water by noting the greatest depth at which it can be seen.
Stratification   The arrangement of a body of water, such as a lake, into two or more horizontal layers of differing characteristics, such as temperature, density, etc.
Surficial   Of, relating to, or occurring on or near the surface.

Taxonomic  The science dealing with the description, identification, naming, and classification of organisms.
Teratogen  A drug or other substance capable of interfering with the development of a fetus, causing
birth defects. 
Thermocline  The region in a thermally stratified body of water that separates warmer oxygen-rich surface water from cold oxygen-poor deep water, and in which temperature decreases rapidly with depth (same as Metalimnion).
Trophic state   Refers to how productive is a body of water, i.e., how much food is available in the system to support living organisms.
Water residence time   The average time water remains in the lake; the time from when a given parcel of water enters the lake until it leaves through the outlet.
Watershed   An area that, because of topographic slope, directs water to a specified surface water drainage system, such as a river or lake.
Wetland   An area that is periodically inundated or saturated by surface or groundwater on an annual or seasonal basis, that displays hydric soils, and that typically supports or is capable of supporting water-loving vegetation.
Zoning   The partition of a city, county, township, or other governmental unit or area by ordinance, into sections reserved for different land-use purposes, such as residential, business, manufacturing, or agriculture.
Zooplankton   The animal part of the plankton. They are secondary consumers feeding on bacteria, phytoplankton, and detritus. Because they are grazers in the aquatic environment, zooplankton are a vital part of the aquatic food web.
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