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INTRODUCTION
GENERAL NATURE OF THE STUDY

Lakes are natural resources, which have many effects on the land surrounding them.
They support adjacent communities by providing water and regulating temperatures, helping
to define the surrounding ecosystem, and serving as sources of drinking water as well as
recreation. The prolonged presence of human activity in a watershed can disturb the physical
and chemical cycles of the lake and its surrounding ecosystems (Henderson-Sellers and
Markland 1987).

Over time, lakes undergo a process called eutrophication, a natural aging process
during which the nutrient levels increase and dissolved oxygen levels decrease (Smith and
Smith 1998). As the lake ages or becomes more eutrophic, organic material gradually
collects in the lake basin. For a period of time, the increased organic matter raises the
nutrient level in the lake and causes higher productivity. As the lake becomes more
eutrophic, dissolved oxygen (DO) levels fall because of the high levels of organic material
decomposing in the water. Organisms that cannot live under low dissolved oxygen levels
begin to die. Over time, as DO levels continue to drop the diversity and overall health of the
lake decrease until only a few highly tolerant species remain (Henderson-Sellers and
Markland 1987).

Human activity within the watershed can greatly accelerate the eutrophication process
by increasing the rate at which nutrients such as phosphorus and nitrogen enter the lake
{(Femandez, Kahl, Nieratko 1992). Increased nutrient loading causes dramatic increases in
algal populations resulting in algal blooms. Many New England lakes develop a greenish tint
because of algal blooms during early summer or early fall (Smith and Smith 1998).
Populations of bacteria, which feed on organic material, rise because of increased food
supply. Bacterial activity decreases the level of dissolved oxygen in the lake (Henderson-
Seller and Markland 1987). A sharp decrease in dissolved oxygen levels can cause massive
death of many lake fauna especially fish, a process known as fish kill. While this process is
not yet occurring in Great Pond it could occur in the future depending on the activity of local

residents. The Great Pond Watershed includes the communities of Belgrade, Smithfield,
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BACKGROUND

Lake Characteristics

Difference Between a Lake and a Pond

Lakes and ponds are natural or man-made inland bodies of water (Niering 1985).
Environmental conditions may vary from lake to pond, but there are certain characteristics
that are shared between the two (Smith and Smith 1998).

The amount of light that is able to penetrate the surface water in a pond or lake is an
important feature of both. It is primarily surface area and depth that distinguishes between
the two types of water bodies (Niering 1985). Ponds tend to be smaller and have larger
littoral zones (shallow area of the water body where light reaches the bottom) than lakes.

Temperature, which changes with the seasons and depth, is an important factor in both
pond and lake ecosystems (Smith and Smith 1998). Because water is most dense at
approximately 4° C, many species are able to survive in an aquatic environment throughout
the year, since ice remains on the surface and prevents most lakes from freezing solid.
During the summer, lake water stratifies, establishing an upper, warm water layer called the
epilimnion, and a lower, cold water layer called the hypolimnion. Between the epilimnion
and the hypolimnion is an area of rapid temperature change called the rnetalimﬁion. Thermal
stratification prevents mixing of oxygen and nutrients within a lake. Ponds, due to their
shallow waters, typically do not thermally stratify during the summer months. In some lakes,
the shallow depth prevents stratification, and therefore the lake does not experience changes
in dissolved oxygen (DO) associated with depth. Variations in oxygen and temperature
strongly influence the adaptations for life and the buffering capabilities for pollutants in
ponds and lakes (Smith and Smith 1998).

General Characteristics of Maine Lakes

Lakes are a vital natural resource in Maine (Davis et al. 1978). They provide fresh
water for swimming, fishing, drinking, livestock, and agriculture. The aesthetic beauty of

Maine’s lakes draws many tourists throughout the year and lakes are important habitats for
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chemistry (Davis et al. 1978). Physical factors also play a critical role in the water quality.
Particular terrestrial and aquatic vegetation, as well as unique habitat types, will also affect
the water quality. Also, lake morphometry, as mentioned above, (e.g., depth and surface

area) can function to change lake temperature, nutrient cycles, and effective turnover.

Basi cteristics

The physical properties of the lake basin drastically affect the biological and chemical
processes of the lake. The morphometry, hydrologic cycles, and sediments of a basin
contribute to the processes which affect the nutrient cycling and seasonal changes in the lake
ecosystem. Most temperate lakes illustrate a degree of tumover, and lakes that turnover
completely in both the spring and fall are referred to as dimictic (Smith and Smith 1998).

Stratification is such a vital component in lake ecosystem functioning that its
implications should be understood. Water has the unique property of a maximum density at
4° C. Whereas the density of all other substances increase with a decrease in temperatures.
Therefore ice, which freezes at 0° C, actually floats in water which is above the freezing
point. The process of stratification is created by the different densities in lake water due to
differences in temperature. This stratification follows a seasonal epilimnion (Fig. 1). While
usually no deeper than about 7 m to 8 m in northeastern lakes, the pattern in conjunction with
the changes in solar radiation received by the lake water. Direct radiation of the upper levels
of the water column warms that layer of water forming the epilimnion hosts the most
abundant floral communities (Davis et al. 1978). This creates an oxygen rich stratum due to
the photosynthetic capacities of these communities. Nutrients in the epilimnion, however,
get depleted by algal populations growing in the water column (Cole, pers. comm.), and may
remain depleted until the turnover of early fall (Smith and Smith 1998).

Below the epilimnion is a layer of sharp temperature decline, known as the
metalimnion (Smith and Smith 1998). Within this stratum is the greatest temperature
gradient in the lake, calied the thermocline, which tends to decrease approximately 1° C per
meter depth (Smith and Smith 1998). This thermocline separates the epilimnion from the
hypolimnion, the lowest layer of a lake. The hypolimnion is beyond the depth to which

sufficient light can penetrate in order to facilitate effective photosynthesis. It is an area in
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1). A eutrophic lake supports a tremendous amount of planktonic algae and is usually low in
dissolved oxygen. Low dissolved oxygen levels at the bottom of the lake lead to the release
“of phosphorus and other nutrients from the bottom sediments, resuiting in their eventual
recycling through the water column (Chapman 1996). This stimulates even further growth of
phytoplankton (Smith and Smith 1998). There is relatively little biotic diversity in a highly
eutrophic lake, except for the phytoplankton and the decomposers that maintain the low
levels of oxygen.

Lakes that receive large amounts of organic matter from the surrounding land,
particularly in the form of humic (dead organic) materials, are termed dystrophic lakes
(Smith and Smith 1998). The large quantity of humic materials stains the water browa.
Dystrophic lakes generally have highly productive littoral zones (shallow area along the lake
basin where light penetrates to the bottom). The littoral zone allows submergent, floating,
and emergent vegetative growth.

High oxygen levels, high macrophyte productivity, and low phytoplankton amounts are
characteristic of dystrophic lakes (Table 1). Eventually the invasion of rooted aquatic
macrophytes chokes the aquatic habitat with plant growth, and the lake basin is filled in,
resulting in the development of a terrestrial ecosystem (Goldman and Home 1983).

Over time, lakes tend to be enriched by introduced nutrients and eventually become
eutrophic (Niering 1985). No matter how a lake basin originated, the lake will undergo
succession (Goldman and Home 1983). Nutrient enrichment and the filling in of lakes are a
natural phenomena. These processes, however, can be greatly affected by anthropogenic
activities which increase the rate at which nutrient loading occurs. The United States
Environmental Protection Agency (USEPA) characterizes the process of eutrophication by
the following criteria:

1) Decreasing hypolimnetic dissolved oxygen concentrations;

2) Increasing nutrient concentrations in the water column;

3) Increasing suspended solids, especially organic material;

4) Progression from a diatom population to a population dominated by blue-green

algae and/or green algae;
5) Decreasing light penetration (e.g., increasing turbidity);
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Tree farms are also a component of many watersheds, including the Great Pond
Watershed. These farms can be managed privately or federally. A problem may occur here
depending on the purposes of the farm. For example, a tree farm may have been purchased
to conserve the area, in which case, there would be limited runoff. This is because forests
have the ability to act as a natural buffer for the nutrients going into a lake, if left
undisturbed. On the other hand, most tree farms are raised for economic reasons, narely to
harvest the trees. This use may be a problem if the farmer does not consider the value of the
forest, other than timber production, before clear-cutting the area (Clawson 1975). Pesticides
and fertilizers are sometimes used on tree farms, therefore, logging practices and tree
harvesting are important issues in considering water quality. There are a few areas which

have been logged recently and several tree farms located in the Great Pond Watershed.

Cleared Land

Cleared land also presents problems of erosion and nutrient runoff due to the large
areas that have been cleared of trees and other vegetation which act as natural filters.
Sediments from these cleared areas could create a problem because they carry large amounts
of nitrogen, phosphorus, other plant nutrients, and chemicals to the lake. Without vegetation
acting as a buffer these problems are made even worse. Since pasture land is created by the
replacement of natural vegetation with forage crops, it is included in this category. Also
included in this category are large grassy areas, such as lawns and parks.

The MDEP (1990) has established some guidelines for cleared land. For example,

there can be no cleared openings greater than 250 f" in the forest canopy within 100 ft of a
lake or river. Where there are cleared lands, some solutions to minimize erosion may be to
build terraces, which would decrease the flow of storm water down a slope allowing the
nutrients to settle out before they get to the lake. Plowing parallel to the contour lines, as
suggested for agricultural uses, will decrease the flow of storm water. These two solutions

may prevent erosion by breaking up large areas of tilled soil.
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Saco valleys). Modem stream drainage patterns became established, and peat bogs, marshes
and swamps began to deposit organic sediments. Successional forests soon replaced the
tundra vegetation that had bordered the ice sheet, as the climate approached the stages of
today.

One of the major drainage patterns established by glacial meltwaters and southeast
glacial movement is the Messalonskee Stream drainage of which the Beigrade Lakes area a
part. The Belgrade Lakes are a chain of seven lakes that connect to one another. The water
in the Belgrade Lakes flows from East Pond to North Pond; then into Great Pond; into Long
Pond, North Basin; then into Long Pond, South Basin; and finally into Messalonskee Lake
(BI493 1998).

The lakes of the Belgrade Region vary in shape, depth and location of inputs and
outputs (Table 3). These factors combine to influence the flushing rate and trophic state of
the lakes and cause the variations that can be found between the lakes (see Lake
Characteristics: Trophic Status of Lakes). The flushing rate of a lake is the number of times
that the total volume of water in the lake is replaced in a year. A flushing rate less than 1.00
flushes per year means that it will take more than a year for the water volume to be
completely replaced, while a flushing rate greater than 1.00 means that the total volume of
water in a lake will be replaced in less than a year. Many lakes are completely flushed
multiple times in a year while others take years to flush completely. The low flushing rate
and shape of East Pond have contributed to its eutrophication and algal blooms. Long Pond,
South Basin has the highest flushing rate of any of the Belgrade Lakes. This may be due to
the morphology of its basin and its location towards the bottom of the Belgrade Lakes chain,
as it receives water that flows through all the lakes that are higher in the chain. Great Pond
has rather low flushing rate in comparison to other Belgrade Lakes. This may be due to its
basin shape and that it only has one significant outlet.

Great Pond is a deep lake which is distinctively stratified during the summer months.
Great Pond is classified as a dimictic lake meaning it has two turnovers, which occur in the
early spring and fall (Chapman 1996). After the spring turnover, the warmer temperatures
heat the upper layers of the lake and eventually cause stratification. This is when there is a

difference in temperature between the upper epilimnion and the lower hypolimnion. The
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transition zone between these layers is called the thermocline and it acts as a physical barrier
to mixing. Increased algal growth in the epilimnion die and eventually settle out on the
bottom of the lake. This increases aerobic decomposition of the organic matter lowering
dissolved oxygen. Historical data from the DEP shows that by late August, Great Pond is
distinctly stratified. The Belgrade Lakes Region is a part of the Messalonskee Stream
drainage, one of the major drainage patterns established by glacial meltwaters and southeast
glacial movement. There are seven Belgrade Lakes which flow from East Pond to North
Pond, then into Great Pond (into which Salmon Lake flows), into Long Pond-North Basin,
then into Long Pond-South Basin, and finally into Messalonskee Lake (Fig. 8).

EAST
POND

MESSALONSKEE
T.AKE

LONG POND

Figure 8. Schematic representation of the inflow and outflow of Great Pond. Arrows
represent flow of water through the Belgrade Lakes chain. Kidder, Watson, Whittier,
McIntire, Ingham, and Moose Ponds also flow into Long Pond and Ward Pond flows
into Messalonskee Lake., See hydrological characteristics of the Belgrade Lakes (Table

5).

The lakes of the Belgrade region vary in shape, depth, and location of inputs and
outputs (Table 3). These factors combine to influence the flushing rate and trophic state of
the lakes and cause the variations that can be found among ‘thc lakes (see Lake
Characteristics: Trophic Status of Lakes). The flushing rate of a lake is the number of times

that the total volume of water in the lake is replaced in a year. A flushing rate of less than
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die and settle out in the bottom of the lake. The resulting aerobic decomposition of the
organic matter lowers dissolved oxygen in the hypolimnion. Historical data from the DEP
show that by late August, Great Pond has stratified to the point of oxygen depletion (MDEP
1998).

Historical Perspectives

Land use patterns in the Belgrade Lake Region have changed dramatically over the last
60 years. The land surrounding the Belgrade Lakes has experienced three distinct land use
eras. In the 1930s, year-round residents of Belgrade were isolated and self-sufficient. To
meet water needs for irrigation purposes, a majority of farmlands were located on lake
shorelines. However, during World War II (WWII) many of the young men left the farms to
join the depleted labor force that was created by the large populations that left to fight in the
war. These men learned many new trades and skills in the workplace, A predictable wage
and less time on the job gave the men different ideas of how to make a living when they
returned home after the war (BI493 1998). Increased development and expanding job
opportunities reduced the amount of land used for agriculture and grazing. Much of the land
was left fallow and allowed to undergo succession.

In the 1960s, the second era of land use trends began. The Belgrade Lakes Region was
greatly influenced by the occupational changes of the regional residents at the end of WWIL.
Many of the shoreline farms that had been left fallow afier the war were subdivided so more
residences could be built on the shoreline (BI493 1998). Farmed land moved farther from
the shore. Also, the development of land for municipal and industrial use increased. To keep
all the newly developed land linked together, many new roads were built, greatly increasing
the area of roads in the watershed.

Changing development trends characterize the third era. There is no definite boundary
between the second and third eras. Most of the development in recent years has been for
year-round residences whereas the second era is characterized by growing industrial
development. The increase in residential development is a result of people moving away
from Augusta and Waterville to the Belgrade Lakes Region. Development of land for

municipal and industrial use has continued to increase, but the rate of development has
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