TENNESSEE ENVIROTHON
AQUATICS STUDY GUIDE
Thomas K. Hill and George F. Smith
University of Tennessee Agricultural Extension Service
This study guide outlines key concepts. Detailed information is not included to keep it to a
reasonable length. For explanations and more detail, refer to your biology, chemistry and
environmental science text books and references in your school and public libraries.

LEARNING OBJECTIVES
1.

Understand water’s physical and chemical properties, the water cycle and
relations between water bodies and the surrounding land.

2.

Understand the freshwater aquatic environment.

3.

Recognize common inhabitants of different aquatic environments.

4.

Understand interactions within aquatic communities and between aquatic inhabitants
and their environment.

5.

Understand how aquatic environments are investigated.

6.

Increase awareness of human uses and influences on water and aquatic habitats.

7.

Understand the management of aquatic communities and their environment.
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UNDERSTANDING WATER
Water is essential for life. It is in the cells of every living thing. Our bodies are about 75%
water. Water makes up 83% of our blood, transports body wastes, keeps our temperature stable,
lubricates our joints and assists in digesting food. We could live for two months or longer
without food but we would survive only a week or less without water.
We use water to produce food, provide energy and manufacture and transport goods. We use
it for drinking, cooking, bathing, laundry, flushing toilets, washing cars and watering lawns.
Water is also an important recreation resource for boating, fishing and swimming.
In its pure state, water is colorless, odorless and tasteless. Each water molecule consists of
one oxygen and two hydrogen atoms. In shape, a water molecule resembles a “Mickey Mouse”
head; the “face” is the oxygen atom and the “ears” are the hydrogen atoms.
Water can mix with or dissolve many substances. In fact is has been called the “universal
solvent” because of its ability to dissolve other substances. As a result, pure water exists in
nature only at the moment water vapor condenses into a water droplet, the droplet soon picks up
other substances, even from the air as it falls to earth as rain.
Water can be found in all three states of matter (liquid, solid and gas). On earth it is most
often found in the liquid state. Water expands and becomes lighter in weight as it freezes so ice
floats on top of surface water bodies. If, like many other substances, water contracted and
became heavier as it froze, ice would sink and damage or destroy aquatic life every winter.
The total amount of water on earth is constant. The water that exists now has always existed.
The water you use in your next bath may have been drunk by a dinosaur or supported
Cleopatra’s barge on the Nile River!
Water moves in a never ending natural cycle. Since it is continuous, the water cycle really
doesn’t have a beginning but a convenient place to start is with precipitation (rain, snow, sleet or
hail). Some of the precipitation soaks into the soil and is stored as groundwater. Some of it
flows into streams, lakes, wetlands and oceans as surface runoff. Water can be returned to the
atmosphere by evaporation or by transpiration through plants. Groundwater moves back to the
surface through springs, underwater flows into surface water bodies, or through wells we drill.
Some water stored in ice and snow also changes directly into gas in a process called sublimation.
Water vapor rises into the sky and forms clouds. When the vapor in the clouds condenses, it falls
back to earth as precipitation. The water cycle has then come full circle and begins again.
As water changes into a gas, it leaves behind contaminants it may have picked up in liquid or
solid form. This natural purification and renewal is critical in maintaining its quality and form a
sustaining life. We copy this natural process in distillation to purify water and other liquids.
We live on a water planet. More than three quarter of the earth’s surface is made up of water.
But, most of it cannot be used by people, or plants or animals.
•

97% is sea water

•

2% is in the polar ice caps and glaciers

•

About 0.5% is deep groundwater, too deep for us to pump out with current
technology
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•

Thus, only about 0.5% (1/2 of 1%) of all the water in the world is available to us as
freshwater.

To put this into perspective, fill a gallon milk jug with water and imagine it’s all the water in
the world. Pour one tablespoon out. This is approximately 0.5% of the gallon of water and
represents all the world’s fresh surface water and shallow groundwater. This is all the water
Available for our use without extraordinary and expensive measures (sea water desalinization,
towing icebergs to arid regions). Tennessee’s share of the world’s water is less than a drop in the
gallon. Our “tiny drop” is precious and must be cared for carefully and wisely.
Tennessee is water rich compared to some western states or other countries. We have 35
reservoirs in the state covering over 500,000 acres including naturally formed Reel foot Lake and
man-make ones. We also have more than 175,000 small ponds covering about 88,000 acres.
Then there are more than 19,000 miles of warm water and cold water rivers and streams.
On average, about 50 inches of precipitation falls in Tennessee annually. This would be
almost an inch every week if it were evenly divided. But it is not. We hear about temporary
droughts or water shortages almost every summer.
Watershed Systems
A stream flows in a channel. Channel size is determined by the amount of stream flow, the
texture of the soil in which the channel is cut and the shape of the channel.
Stream flow is made up of base flow and runoff. Base flow comes from groundwater and is
relatively consistent throughout the year. Runoff from rainfall adds to base flow. It varies
during the year depending on storms and seasonal conditions. The amount of runoff reaching a
stream depends on many other factors including type of soil, how much water the soil contains,
the rate of rainfall, the slope of the land and amount of impervious manmade structures like
roads, buildings and parking lots.
Sometimes so much water is carried by a stream that it overflows its banks and floods. A
Floodplain is a broad, flat surface in the valley of a stream that is at least partially flooded each
year. Much fertile farmland is located on flood plains which are composed of sediment carried
by streams and deposited during floods. We built our towns in flood plains in part because the
flat surface and water deposited soils are good building sites and in part because we use rivers
for transportation, drinking water sources, waste disposal, and other ways. We change streams
with dam, levees, and channelization to solve flooding and other problems. But, in solving one
problem another is often created. There are no easy solutions.
A watershed is the land area from which water drains to a particular watercourse or body
of water. Watersheds are usually made of many smaller watersheds that contribute to overall
stream flow.
Adjacent watersheds are separated by a high area of land called a divide. As an example,
the Continental Divide in the Rockies separates the watershed of the Mississippi River, which
includes Tennessee, and the Columbia River Watershed. The Mississippi River Watershed is
made up of smaller watersheds including the Tennessee River and Cumberland River
watersheds. Each of these can be divided into smaller watersheds by focusing on smaller and
smaller watercourse. A watershed can be as large as the Mississippi River drainage basin or as
small as a backyard.
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The concept of “Watershed” is a useful way to divide land areas according to how the
land and the water flowing over and through it interact. Land and water are linked directly by
the water cycle in a watershed. A watershed is thus a functional unit when considering how
climate, plant cover, soil type, slope, geography and human activity affect water quality and
quantity. Water is critically impacted by everything that goes on in a watershed.
Physical and Chemical Properties
Several basic properties have very significant impacts on aquatic life and the water’s
suitability for a specific use. Basic properties are (1) dissolved oxygen, (2) pH, (3) temperature,
(4) clarity (or turbidity), (5) hardness and (6) alkalinity. Nutrients, metals and certain bacteria
are also important.
Dissolved oxygen or DO is important because it is the basis for most aquatic life. The
oxygen in water molecules is locked up and simply isn’t available to aquatic life. The oxygen
that sustains life is the small amount of molecular oxygen into the water. DO come from (1) the
diffusion of atmospheric oxygen into the water and (2) the production of oxygen by algae and
other microscopic green plants during photosynthesis. Usually a natural gradient exists that
favors the diffusion of oxygen from the air into water. The agitation of water by wind, waves or
in riffles and falls in stream quickens the diffusion process. Oxygen is more soluble in cold
water than in warm water; thus, the DO in the surface water of a lake is usually higher in the
winter than in the summer.
DO is measured as parts per million (ppm) or its equivalent, milligrams per liter (mg/l).
The amount of oxygen required varies with the species and the stage of life. DO levels below
3ppm stress most aquatic life; most will not survive DO levels below 1 or 2 ppm. Levels
between 3 and 5 are generally required for normal growth and activity.
DO is used in respiration and in decomposition. At night, when photosynthesis ceases,
plants consume oxygen. Fish and invertebrates consume oxygen in respiration as do bacteria
decomposing organic material in the water. Some wastes and pollutants also produce direct
Chemical demands on DO. These demands can lead to serious depletion or even exhaustion of
the DO content. This places a great stress on aquatic life and leads to a condition where the
water body becomes dominated by highly tolerant organisms.
Low DO can be caused by (1) increasing nutrients such as nitrogen and phosphorous that
accelerates plant growth, (2) runoff of organic wastes like manure and natural organic matter and
(3) discharge of poorly treated waste waters with high levels of organic compounds.
pH influences the numbers and types of plants and animals that live in a water body. The
pH of pure water is 7.0. Salt acids and bases are normally found in natural waters and cause
changes. Most natural waters have pH values between 5.0 and 10.0; values between 6.5 and 9.0
are most common.
Changes in pH are influenced by the addition of salts, acids and bases to water body.
Photosynthesis also increases pH by using carbon dioxide which forms a weak organic acid
(carbonic acid) in water. pH declines at night when photosynthesis stops. Daily fluctuations in
pH are less when waters are buffered (i.e. have higher alkalinity) such as in limestone areas of
the state.
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Temperature affects feeding, reproduction and metabolic rates of aquatic life. Most
species have a preferred temperature range with upper and lower lethal limits. Trout, for
example, live only in cool mountain streams. Temperature also affects water’s physical (density,
for example) and chemical (amount of DO it can hold) properties.
Most of the sun’s energy is absorbed near the surface. Differences in heating with depth
and the increasing density of cooler water can cause water in a pond or lake to stratify. Densities
of upper and lower strata can be different enough to prevent mixing by wind and wave action.
Water temperatures often increase when tree cover is removed from stream banks or
when sediment clouds water. Sediments absorb heat. Discharges of heated water by factories
and power plants and runoff from heated surfaces like roads, roofs and parking lots can also
increase temperatures. Snow melt, cold underground water sources and shading by stream side
vegetation can decrease temperature. Most aquatic life can tolerate gradual changes in
temperature. However, changes of more than 1 degree to 2 degrees C in less than 24 hours can
cause thermal stress. More abrupt changes can cause thermal shock.
Clarity or its reverse, turbidity, refers to cloudiness in water caused by suspended matter
which scatters light. Sediment from disturbed or eroded soil is often thought of as the cause of
cloudy water but there are many sources. Dissolved organic matter, microscopic plankton, and
natural scouring of stream beds and lake shores also cause cloudiness.
Turbidity blocks light needed by submerged aquatic plants, increases water temperatures
and may significantly increase water treatment costs. Some fish, such as smallmouth bass, do
not thrive in cloudy water. When suspended materials settle they can bury eggs, larvae and
aquatic insects. Suspended particles can carry nutrients, pesticides and other chemicals through
the water system.
Moderate levels of turbidity may indicate a healthy, well functioning ecosystem in which
flourishing plankton provide the foundation of the food web. High turbidity may indicate eroded
soil carried by runoff or blooms of microorganisms due to high nutrient content. Very clear
water is typical of the open ocean or lakes supporting only sparse life.
Hardness is a measure of the amount of calcium and magnesium in the water.
Leachingof rocks is the primary source. Freshwater mussels require relatively hard water to
grow and maintain their shells. Plants also require calcium and magnesium.
Hardness is generally a concern where the water is used a water supply. Hard water can
have a slimy feel and prevent soaps from properly lathering and cleaning. It can also cause scaly
deposits in home and industrial water systems.
Hardness is usually expressed as milligrams per liter (mg/l) of calcium carbonate. Values
of 50 to 70 mg/l are considered average for lakes; 10 to 20 mg/l are considered low and above
150 mg/l is considered high. Seawater has hardness levels above 6,000 mg/l.
Alkalinity is a measure of buffering capacity, that is, the ability to resist pH change when
an acid or base is added. In fresh waters, buffering is the result of chemical interrelationships
between carbon dioxide, bicarbonate and carbonate. Like hardness, alkalinity is measured in
calcium carbonate equivalents.
These chemicals are dissolved from the rocks and soils with which the water has been in
contact. Watersheds that are highly leached or contain relatively insoluble igneous rock will
contain water bodies that are fairly low in alkalinity (5-20 mg/l calcium carbonate). Water
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bodies in limestone areas may have alkalinity as high as 300-400 mg/l calcium carbonate.
Waters that contain 40 mg/l or more are considered as more productive than those with lower
alkalinity.
Low alkaline lakes will feel the effects of acid rain; high alkaline lakes will buffer these
pH changes and not change pH significantly. Some seasonal changes in buffering capacity occur
in areas where spring snow melt releases a flush of acid precipitation.
Nutrients are chemicals needed for plant growth. Phosphorus and nitrogen are the
nutrients of greatest concern in aquatic systems. Both occur naturally. They are often added to
ponds managed for fishing to improve plant growth and fish production. Excess nutrients can
result in too much algal growth, causing nuisance conditions (smelly green water and scum)
followed by DO stress as the algae bloom dies and decomposes.
Phosphorus is the least available nutrient-the “limiting” nutrient-and typically controls
the amount of plant growth in lakes. When phosphorus enters a lake in polluted runoff, the
growth of algae and other aquatic plants will increase noticeably. Excessive growth can change
the character of a lake and impair its recreational uses. Fish populations can change and become
dominated by rough fish that tolerate these conditions. Some blue-green algae make drinking
water taken from a lake taste bad and may be toxic to animals drinking the water or fish
swimming in it.
Nitrogen also stimulates aquatic plant growth. It can also impact aquatic ecosystems and
drinking water quality.
Nitrogen in the form of ammonia comes from human and animal wastes and some
fertilizers. Ammonia can be toxic to aquatic organisms; fish kills have been attributed to
ammonia.
Ammonia readily converts to the nitrate form through the nitrification process. Ammonia
in water converts to nitrite and then nitrate in a day or two under warm summer conditions. The
process uses large amounts of oxygen. When nitrification in a stream or lake is high, so much
oxygen can be used that fish and other aquatic life die from lack of oxygen.
Nitrate levels in drinking water above 10 parts per million are a health threat to humans,
especially infants. Nitrate rarely reaches this level in surface water under normal conditions;
however, problem levels are found in groundwater.
Metals get into water form rocks in the watershed, through polluted runoff. Waste
discharges, and the decaying of plants and other organic materials. High levels of metals can be
toxic to fish and algae, particularly if pH is low.
Bacteria and other microbiological life enter water along with organic materials and
wastes. Fecal bacteria live in the intestines of all warm blooded animals including humans.
Many are not harmful but they are used as indicators of fecal contamination because testing for
them is fairly simple. Other microorganisms that cause a number of illnesses in humans and
domestic animals occur in fecal material. Poorly treated municipal sewage is the principal point
source of fecal bacteria. Fecal contamination sources also include urban runoff, failing septic
systems, domestic animals and feedlots, and wild animals.
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AQUATIC HABITATS
An aquatic habitat is a body of water where organisms live. Freshwater habitats include
ponds, lakes (natural and man-made), streams and wetlands.
The watershed affects an aquatic habitat. For example, because of characteristics of the
watershed the flow in a stream may change dramatically when it rains. Heavy storms may cause
streams to rise rapidly. Human-made features in a watershed like large paved areas or dams alter
the watershed, change stream flow and impact aquatic habitats.
In other watersheds, stream flow may take a long time to respond to rainfall. In a
relatively flat, heavily vegetated watershed, runoff is slowed by the plants and much of it soaks
into the ground. The runoff will eventually make its way through the watershed and become
stream flow. Streams will rise slowly and also recede slowly.
Streams start at higher elevation and flow downward, eventually finding their way to the
sea. But they don’t travel in straight lines. Their paths vary. The land may be steep in some
areas, causing rapid stream flow, and flat in other areas allowing the water to spread out and get
deeper. These grade changes create different habitats in the stream which support different
forms of life.
Many other watershed characteristics create different aquatic habitats. For example
because of geology, many East Tennessee streams are rock bottomed while West Tennessee
streams are mud bottomed.
Aquatic habitats are critically impacted by everything that goes on within the watershed.
Mining, forestry, agriculture, industry, construction practices, urban runoff from streets, parking
lots, lawns and gardens, failing septic systems an improperly treated municipal sewage
discharges all affect aquatic habitats.
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Aquatic Communities
There is great diversity in the aquatic communities in Tennessee. Including naturally
formed Reelfoot Lake and the other man-made ones, there are 35 reservoirs covering over
500,000 acres. There are more than 175,000 farm ponds throughout the state covering 88,000
acres. Then there are the more than 19,000 miles of warmwater and coldwater streams. Each of
these freshwater environments has its own particular plant and animal inhabitants although there
may be some overlap with some species common to all.
Freshwater habitats may be considered in two broad types. Standing water or lentic
habitats include lakes, ponds and swamps. Running water or lotic habitats include springs,
smaller streams like brooks or creeks and rivers.
What life would be found in a pond? A very important and probably most abundant type
would be the phytoplankton or microscopic plants. The entire life of the pond depends upon
these tiny plants to supply food and oxygen.
On the pond edge and extending out into the water are rooted plants growing from
bottom. There are zooplankton (microscopic animals) which consumes phytoplankton and larger
animals like snails and insect larvae which feed on the plants. Animals such sunfish at various
stages of development feed on zooplankton, insects, snails, and smaller fish. Finally, predator
fish such as largemouth bass feed on the sunfish.
Streams generally have two major zones and the plant and animal life present is
determined by how fast they flow. The rapids zone has shallow water where current velocity is
great enough to keep the bottom clean of silt and other loose materials. The pool zone has
deeper water where current velocity is reduced and silt and other loose materials settle to the
bottom. The current velocity varies from stream to stream and within the stream itself; and
depends upon the size, shape, and steepness of the stream channel, the roughness of the bottom,
the depth, and the rainfall.
In the rapids only those plants and animals which can adapt to rapid currents are found.
Included are plants such as mosses clinging to rocks, animals like damsel fly and dragon fly
larvae and fishes such as trout, shiners and darters which hide under rocks and plants on the
bottom. In the pools you find rooted vegetation and small animals–snails, crayfish, aquatic
insects, bloodworms – on the stems and leaves. Larger animals found here might be bullhead
catfish, pickerel, sunfish, and bass–essentially the same forms as are found in lakes and ponds.
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WETLANDS
Wetlands are areas of land that are wet at least part of the year. They are often transition
zones between dry land and open water. Some wetlands are covered with water year round
while others are flooded only at certain times. All wetlands do have water soaked soil at some
time which affects the kinds of plants and animals found there.
Wetlands provide unique habitats for many plants and animals. Many species depend on
an aquatic or semi-aquatic environment. Changing the wetlands habitat displaces these plants
and animals. For others, wetlands provide important habitat during part of their life cycle.
Some wetlands help control and maintain stream flow by slowing and storing water
during periods of high flow and releasing it slowly during low flow periods.
Wetlands can also contribute to groundwater recharge. Water retained in wetlands
slowly percolates into the ground.
Wetlands are good water filters. They can filter surface water runoff before it reaches an
open body of water and also help filter nutrients, wastes and sediment from floodwaters.
Wetlands are found in all parts of the world and are classified into many types. There are
fresh water and salt water wetlands. Examples of fresh water wetlands are swamps, marshes,
bogs and prairie potholes. Salt-water wetlands include mangrove swamps and salt water
marshes.
Traditionally, wetlands have been regarded as wastelands. During the past 200 years
more that half of America’s wetlands have drained and/or filled to use for purposed such as
agriculture and real estate development. Wetlands contributions are just being realized. New
regulations are protecting wetlands and regulating the way they are used. Debates about
wetlands issues and conflicting land uses, including private property right, are often difficult to
resolve to everyone’s satisfaction.
In addition to creatures that live in freshwater, many others live near water and
may depend on it during parts of their life cycle. These include birds such as ducks and geese,
insects such as dragonflies and mosquitoes, amphibians such as frogs and toads and reptiles such
as turtles and snakes.
Aquatic life can be classified and studied in many different ways. Plants, of
example, can be divided into submergent, floating and emergent types. Animals can be divided
into vertebrates and invertebrates.
Other useful ways include –
A.

According to their scientific classification (family, genus, species)

B.

According to their place in the food chair:
Producers – Plant Life
Consumers – 1.

Feeders on phytoplankton

2.

Feeders on zooplankton

3.

Feeders on larger invertebrates and small fish.

Decomposers – Feeders on decaying matter
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C.

According to their life habitat:
Benthos – organisms living on the pond bottom.
Periphyton – organisms attached or clinging to plants or other objects.
Plankton – floating organisms.
Nekton – swimming organisms.
Neuston – surface organisms.

D.

According to their habitat within the pond:
Littoral zone – shallow water area in which light penetrates to the bottom.
Limnetic zone – open water to the depth of light penetration.
(The Euphotic zone comprises the littoral and limnetic zones).
Profudal zone – area beyond depth of light penetration.

When aquatic biologists study a pond or other water body they look at characteristics of the
habitat to assess its “health.” These would include (1) the amount of DO (2) algal content
(enough to provide food but not enough to become a burden itself) (3) fish population and health,
(4) the population and diversity of insect larva, shellfish, worms and other invertebrates and (5)
the kinds and amounts of pollutants in the mud o the bottom of the pond.
These characteristics are also used in assessing streams. Many of the methods used to
study a pond community can be applied to the study of a stream; but here are certain differences
which must be kept in mind:
1.

Due to its shallower depth and mixing of water, certain environmental conditions
such as temperature, light, and oxygen supply are much more uniform in a stream
than in a still body of water.

2.

For the same reasons, the oxygen content of a stream is usually higher than that of a
lake or pond. Stream organisms are less tolerant of a decrease in oxygen level, and
are therefore greatly affected by organic matter pollution which uses up oxygen in its
decay. Changes in the organisms of a stream community often indicate the presence
of pollution.

3.

Streams usually have fewer producers than lakes or ponds. For this reason they are
more dependent on surrounding land areas for input of organic material to provide
food for consumers.

4.

Current (rate of stream flow) is a major environmental factor. To measure stream
flow rates using a fishing bobber, place stakes in a free flowing area of the stream
(5-10 feet distance will usually suffice). Record the number of seconds required for
the bobber to travel between the markers. Repeat several times, calculate the average
and convert to feet per second.
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Investigating Aquatic Habitats
There are many ways to study aquatic habitats. Using different methods can give
us a broader picture of the water body and better understanding of the relations in it.
Physical, chemical and biological information can help us study an aquatic habitat.
Physical Information
We can learn a lot through observation. The numbers and kinds of plants and
animals we see are indicators of the “health” of an ecosystem. Some are very sensitive to
pollution, for example. Seeing then is an indication of an uncontaminated habitat.
Turbidity is caused by suspended materials like algae, silt and pollutants. A “healthy”
habitat has enough algae to provide food but not enough to become a problem. Turbidity can
be measured with a Secchi disk. Observations in the watershed can help identify sources of
eroded soil and other materials that cloud water.
Temperature is an easily measured and very important physical characteristic. It affects
the amount of DO water can hold; the amount of oxygen that will dissolve in water increases
as the temperature decreases. Temperature also affects feeding, reproduction and
metabolism of aquatic organisms. These rates speed up as temperature increases.
The surface area and average depth of a pond or lake is important in calculating the
amount of water it contains for management decisions like fertilization for fish production or
aquatic weed control.
Stream width and depth are similarly used to calculate volume. How fast the stream
flows is combined with its volume to estimate flow volume; that is, how many gallons per
minute (or second or day) flows in the stream. Water resource managers also use this
information in their decisions.
Topographic maps can be used to identify the watershed divides and calculate the areas in
the watershed.
These maps, aerial photographs, satellite images and field observations help understand
the watershed’s characteristics and activities which can impact the aquatic habitat.
Finally, looking at characteristics of the water body can help our understanding, color,
odor, and unusual sheen, form or unused materials on or in the water are all clues to the
quality of the habitat. Large amounts of algae, for example, may indicate the extra nutrients
are entering.
the water from some source. An oily, rainbow sheen on the surface and a gasoline smell may
indicate a leaky fuel storage tank or other source is polluting the water body.
Chemical Information
Literally thousands of natural and manmade chemicals exist in today’s world. With
enough time and money a water body could be tested for all of them. But, it would be very
expensive and time consuming and most of the chemicals would not be found.
The wiser course is to focus on key variables – DO, pH, hardness, nutrients and metals.
The importance of these variables changes with the intended use of the water. For aquatic
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life, for example, DO and pH are very important but nutrients may be equally important.
Physical factors like temperature and turbidity are also important for aquatic life. Focusing
on only one or two variables can give us an incomplete, distorted view of the quality of a
particular pond or stream.
Tests for other chemicals are typically done only if the chemical is suspected to be in the
water. For example, if contamination from a pesticide is suspected, a test for that pesticide is
made.
A broad screening test for volatile organic carbon (VOCs) compounds found in
petroleum products, cleaning fluids and other common chemicals, is often done if human
related pollution is suspected. Finding VOCs indicates contamination from human made
chemicals.
Water chemistry also depends to some degree on the physical characteristics of the water
body and watershed. The flow of a stream, for instance, might vary by a factor of fifty or
more depending on the time of year. Chemicals in the water are all diluted by the greater
volume of water during high stream flows making detection more difficult. Flow volume
calculations are used to determine chemical concentrations as so many parts of the chemical
per volume of water, parts per million or milligrams per liter for example.
Also, since the greater stream volume is due to storm runoff, high flows from urban areas
usually carry large amounts of metals and petroleum products from streets and parking lots
into the stream. This especially true for the first part of the runoff, the “first flush.”
High flows also usually have high turbidity due to erosion from unvegetated land in the
watershed during the storm.
Biological Information
This approach used the organisms living in the aquatic system to examine water quality.
The concept was applied to air quality by miners who took canaries into deep mines with
them. If the canary died, the miners knew the air was bad and they had to evacuate the mine.
Like the canaries, aquatic organisms are subject to the conditions in their environment. If
pollution levels reach a critical concentration; certain organisms will move away, die or not
reproduce. Eventually the species will disappear from the polluted site; normally they will
return if conditions in the system improve.
Three general components affect a biological community in an aquatic ecosystem:
(1) hydrology – water depth, velocity, duration of standing water
(2) chemistry – DO, pH, nutrients, toxic materials
(3) geomorphology – bed material, bank stability, shifting sandbars, habitat toxic
chemicals are only a single factor in the water chemistry component.
These components impact the biological community alone and together. Their relative
importance may change with time and location. At times, a single factor may dominate. For
example, straightening a stream and removing all the woody debris drastically alters the stream’s
geomorphology. The impact includes loss of natural habitat and shelter for certain organisms.
The organisms that require this habitat will disappear for the modified stream. Separating the
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influence of one component from the others is difficult. Considering all these components and
their interactions is critical when interpreting biological information.
Selecting the organisms to study is a key part of a biological investigation. We want
organisms appropriate for the water body and the contamination being investigated. Alternatives
include:
•

bacteria – certain bacteria indicate contamination by human or animal waste

•

algae – exceptionally rapid growth is an indication of nutrient enrichment.

•

aquatic plants – death during the growing season may indicate herbicide
contamination or turbidity blocking sunlight.

•

zooplankton – microscopic animals are affected by toxins, turbidity and nutrient
enrichment. Their short life cycle provides a quick response but their microscopic
size makes them difficult to collect and study.

•

macroinvertabrates – often used as indicators because different species have
distinct sensitivities to pollutants. They are also sensitive to hydrology and
geomorphology.

•

fish – good indicators since they rely on the other organisms for food and thus,
they mirror the overall health of the entire food chain. Spotty distribution can
limit usefulness.

Sampling methods depend on the organism. They include hand picking organisms off
stones or twigs, nets, scoops and sieves, artificial habitats and electro shocking. Data on fish
population can also be collected through creel surveys and interviewing fisher persons.
Biological information is analyzed with a number statistical methods; usually the total
number of organisms and the number of species in the sample will be determined. This
information can be compared with an index that lists organisms according to their sensitivity to
pollution. The next page has a sample from the Isaac Walton League.
Biological information measures the environmental affects water quality. But, seeing the
effects do not necessarily tell us what has caused the change. Physical and chemical information
may be needed to identify what is changing water quality.
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Protecting Water Resources
Water Quality Standards
Water may have different quality standards depending on its use. Water may be pure
enough for livestock to drink but not be high enough quality for humans to drink. Or, water may
be fine for bass, bluegill and other lake fish but not have enough oxygen to support trout. Water
quality is often in the “eye of the beholder.”
Under the Federal Water Pollution Control Act (Clean Water Act) standards are based on
two key factors; stream use classification and the level of water quality needed to support a
designated use.
Stream use classifications include:
•

*Domestic water supply

•

*Industrial water supply

•

*Fish and aquatic life

•

*Recreation

•

*Irrigation

•

*Livestock watering

•

*Wildlife

•

*Navigation

•

Streams may be divided into segments (or reaches) with a different set of uses
established

•

for each segment. Different designated uses dictate different levels of water
quality.

•

Physical and chemical criteria are used to assess the quality of the water,
including

•

*Dissolved oxygen

•

*pH

•

*Hardness

•

*Total dissolved solids

•

*Floating material, solids, deposits

•

*Turbidity

•

*Temperature

•

*Fecal bacteria

•

*Taste and odor

•

*Toxic substance

•

*Other pollutants
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The criteria used depend on the designated uses of the stream. To evaluate drinking
water quality, all eleven are used but only seven are used to evaluate a stream designated for
livestock and wildlife uses. The standards for individual criteria may also vary with different
uses. A trout stream requires 6 ppm DO, for example, while 5 ppm is sufficient for other
fisheries and allowances may be made down to 3 ppm DO.
States are required to report on surface waters that meet and do not meet the criteria for
designated used every two years. This report, called the “305b report” for the part of the Clean
Water Act – section 305b – that requires, it, is a fundamental source of water quality
information. The Tennessee Department of Environment and Conservation prepares the 305b
report in our state.
The Safe Drinking Water Act sets maximum levels for a variety of chemicals, metals and
bacteria. It also sets treatment requirements, monitoring criteria and public notification
requirements. The 1996 reauthorization included a requirement that public water systems
regularly report monitoring results to their customers.
Water Quality Monitoring
Monitoring depends on stream use, land management and state or federal regulations.
Under the Clean Water Act, the owner or operator of a facility covered by a National Pollution
Discharge Elimination System (NPDES) permit is required to monitor effluent or waste water
quality at regular intervals, maintain records and reports and report results. Regulators can also
monitor water quality at these sites to determine compliance with permit requirements and notify
the owner or operator of any violations. States must have adequate monitoring programs to be
eligible for federal funding.
Effluent or wastewater covered by a NPDES permit is one example of “point source”
water pollution meaning the contaminant comes from a discrete, identifiable point like a
discharge pipe or ditch.
“Nonpoint source” (NPS) pollution, in contrast, comes from a broad area like a parking
lot, subdivision, construction site, forest or farm. The impacts can be seen but identifying the
source is much more difficult.
Point sources have been fairly well controlled. The bigger challenge now is to better
control NPS pollution. Some NPS sources, such as highway construction can be regulated,
others, such as subdivisions, farms and forests are impossible to regulate with any realistic
monitoring program. In recognition of the practical impossibility of regulation, agriculture and
forestry are exempt form regulations in Tennessee law. Controlling pollution from these, other
non-point sources like subdivisions, depends on voluntary action supported by education,
technical assistance and cost sharing for some control measures.
Other water quality monitoring includes.
*monitoring by drinking water plant managers.
*monitoring by industrial plan operators if changes in water quality have adverse effects
on operations.
*monitoring by farmers or forest managers to verify the effectiveness of their
17
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management practices.
Monitoring can include on-site physical measurements or chemical tests, laboratory
analysis, field observations of plant and animal life and collecting aquatic organisms for field or
laboratory analysis.
Monitoring approaches include:
*Single site sampling. A single sample may be taken to investigate a problem such as
verifying a pollutant spill in a pond. More often, samples are taken from one location
over time to monitor the results of changing management practices. Variability due to
natural events can make it difficult to see significant changes in water quality over time
in a large watershed.
*Upstream-downstream sampling. Water quality is monitored above a site to establish a
baseline. Quality is evaluated again after the water has passed by or through the site (a
factory, a farm, a landfill or a wetland for example). It may be possible to identify the
impacts of the test site. However, other water sources (springs or ditches) can also
contribute to water quality in a large stream or river; all sources must be considered
before making conclusions about cause and effect.
*Paired watersheds. Two similar watersheds are monitored to determine differences in
water quality as a result of land use differences. This approach can provide good
comparisons but it depends on finding two watersheds that are similar in all ways except
the one variable being monitored which can be very difficult.
Water Quality Management
Many different methods are used to improve water quality. A number of physical
Practices are used. Examples include:
*Cooling towers at power plants and factories to reduce temperature of water heated in
the plant.
*Silt fences and straw bales at highway and other construction sites to filter out sediment.
*Filters at drinking water plants to remove sediment and larger microorganisms.
*Strips of grass or trees along streams to filter out sediment and other contaminants.
Many chemical treatment practices are used in industry to remove contaminants in water
to be used in the plant as well as in wastewater. Other examples include:
*Chlorine treatment in drinking water plants to kill microorganisms.
*Softening hard water by exchanging calcium and magnesium ions for sodium or
potassium ions in a home water softener.
*Raising the pH of acid mine drainage with buffer treatment systems.
Pollution Prevention is an alternative to cleaning up pollution after it has occurred.
Prevention is often cheaper, easier and more successful than clean-up. It may be very difficult, if
not impossible, to clean groundwater contaminated with pesticides, for example. Preventing the
contamination with wellhead protection measures and other recommended practices is a feasible
alternative.
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Many industrial practices are based on pollution prevention. In agriculture and
forestry, best management practices (BMPOs) allow the production of food, fiber and wood
products in ways that prevent water pollution.
We can all play an effective role in preventing NPS water pollution. Careful use
of lawn and garden chemicals, recycling used motor oil and other possible contaminants, keeping
trash out of sinkholes and other sensitive areas and reducing our water consumption can all have
a big impact on pollution.
http://www.utextension.utk.edu/publications/pbfiles/PB1231.pdf
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Sample Questions
1. The major types of aquatic environments in Tennessee are (circle all that apply):
a. Standing water or lentic
b. Underground lakes or streams
c. Running water or lotic
d. All of these.
2. Phytoplankton is:
a. Microscopic plants.
b. The foundation of the freshwater food chain.
c. A source of oxygen in aquatic habitats.
d. All of these.
3. What organisms indicate good quality water?
a. Stoneflies, crayfish, and snails.
b. Dragonflies, crayfish and snails.
c. Stoneflies, caddis flies and may flies.
d. Stoneflies, caddis flies and aquatic worms.
4. Producers, consumers and decomposers are:
a. Found in all aquatic environments.
b. Terms that describe aquatic in habitant’s place in the food chain.
c. Not found in cold water streams.
d. Resistant to water pollution.
5. What factors limit all aquatic environments?
a. Sunlight, oxygen, temperature and nutrients.
b. Sunlight, oxygen, nutrients and stream flow.
c. Salinity, oxygen, temperature and nutrients.
d. None of the above
6. Trout prefer the following habitat:
a. Fast flowing streams.
b. Cold water streams.
c. Slow moving, large rivers.
d. Both a and b.
7. These trout are native to Tennessee:
a. Rainbow Trout.
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b. Brown Trout.
c. Brook Trout.
d. Goldeneye Trout.
8. Fish with tubular, streamline bodies and strong pectoral fins are common in:
a. Fast flowing streams.
b. Lakes and ponds.
c. Large, slow flowing rivers.
d. Coral reefs.
9. Green or brown pond water may indicate:
a. Fast flowing streams.
b. Hard water.
c. Good carbonate/bicarbonate balance.
d. An over-shaded pond.
10. A balanced pond community managed for fishing is indicated by:
a. Many intermediate bluegill, tadpoles, crayfish and minnows.
b. Young largemouth bass, many recently hatched bluegill, few intermediate bluegills.
c. Young largemouth bass, no recent bluegill hatch, but many intermediate bluegills.
d. Many adult largemouth bass.
11. Managing a pond for fishing involves:
a. Construction and stocking.
b. Fertilization.
c. Fish harvest.
d. All of the above.
12. Bioaccumulation is:
a. The accumulation of organic matter in a pond.
b. The increased concentration of a substance in an organism through the food chain.
c. The build-up of nitrates in fish due to agricultural run-off.
d. The gradual filling-in of ponds and lakes with decaying organic matter.
13. Wetlands:
a. Are covered with water year round.
b. May help regulate and maintain the hydrology of rivers.
c. Provide important fish and wildlife habitats.
d. Are only found in freshwater environments.
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14. All wetlands have water-soaked soil at some time of the year which affects the kinds of
plants and animals found there. True or False
15. A single stream or body of water may contain a number of different habitats.
True or False
16. An aquatic habitat may change over time due to natural processed or human influence.
True or False
17. Conditions are more uniform in a still body of water than in a flowing stream.
True or False
18. Oxygen content in a stream is usually about the same as in a nearby lake or pond.
True or False
19. One problem with fertilizing a pond is increased mosquito populations.
True or False
20. A Secchi disc is used to determine the depth of light penetration in a body of water.
True or False
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Answers:
1. a and c
2. d
3. c
4. b
5. b
6. d
7. c
8. a
9. a
10. b 11. d
12. b 13. b and c 14. True 15. True 16. True 17. False 18. False 19. False 20. True
Additional References:
1. Davis, James T. And Charles W. Ramsey. “Aquatic Science: Ponds,
Fish Management.” Texas Agricultural Extension Service

Streams and

2. Hill, Thomas, K. “Aquatic Communities.” University of Tennessee Agricultural
Extension Service
3. Hill, Thomas k. “Management of Farm Fish Ponds in Tennessee” PB
1231University of Tennessee Agricultural Extension Service.
4. Izaak Walton League. “Stream Insects and Crustaceans: Save our Streams.”
5. Tennessee Wildlife Resources Agency. “Tennessee Fish.”
Also refer to the chapters on aquatics in high school environmental science and biology
text books as well as references in your local library.
For a copy of references 1, 2 and 4 contact:
George F. Smith
P.O. Box 1071
University of Tennessee
Knoxville, TN 37091-1071
Phone: (865) 974-7306
Fax: (865) 974-7448
E-mail: gfsmith@utk.edu
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