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Introduction 
 
This booklet is an introduction to water resources and pollution ecology.  Many people feel that water 
pollution is an issue, but they do not necessarily know why various pollutants are a problem.  The “Water 
Quality Primer”  provides basic, up-to-date information to help citizens understand: 
⇒ basic ecology of streams, rivers, lakes, wetlands, and groundwater 
⇒ how healthy aquatic systems function 
⇒ how pollutants are affecting our streams, rivers, lakes, wetlands, and groundwater 
⇒ what are the sources of pollution 
⇒ how do pollutants get in the water 
⇒ why landuses are potential sources of pollution 
⇒ how do pollutants affect life in the water 
⇒ how do pollutants affect water needed by people  
 
Certain aquatic ecology concepts will be introduced in this primer, but it is not a course in aquatic 
ecology.  There are many important concepts that are not covered here. 
 
The “Water Quality Primer” was created by the Oklahoma Conservation Commission’s Water Quality 
Division with funding from the federal Clean Water Act.   The Oklahoma Conservation Commission is 
concerned with the suitability of water for agriculture, fish and wildlife, human enjoyment, and as a 
source of raw water for drinking water systems.  
 
The term “nonpoint source pollution” will be seen in this publication time and time again.  Nonpoint 
source pollution is the “pollution for which the specific point of origin is not well-defined.”  The 
Oklahoma Conservation Commission’s Water Quality Division is the lead technical agency for nonpoint 
source projects  and concerns.  Nonpoint source pollution offers special challenges because it tends to be 
a problem to which many people and activities contribute.  Education offers one of the best solutions to 
this problem.  A few examples of nonpoint source pollution are: 
⇒ sediment from landclearing activities 
⇒ fertilizer & pesticide runoff 
⇒ animal waste runoff 
⇒ gasoline & oil which enters waterbodies 
⇒ grass clippings placed in streams or lakes 
 
For more information, please contact: 
 

Oklahoma Conservation Commission 
Water Quality Division 

5225 North Shartel, Suite 102 
Oklahoma City, Oklahoma 73118 

405-810-1002 
 

The Oklahoma Conservation Commission as authorized by Executive Director Mike Thralls issues this 
publication, printed by Action Printing of Norman, Oklahoma, with funding through a grant from the 
United States Environmental Protection Agency.  Five hundred copies were prepared at a cost of 
$8.99 each.  Copies have been deposited with the Publications Clearinghouse of the Oklahoma State De-
partment of Libraries.  All programs and services of the Oklahoma Conservation Commission and the 
Oklahoma Conservation Districts are offered on a nondiscriminatory basis without regard to race, color, 
national origin, religion, gender, marital status or disability.
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Stream Health = 
Water Quality + Biotic Quality + Physical Habitat Quality 

 
     We will begin our discussion of aquatic health with streams.  Of all living aquatic systems, streams 
are the most basic.  The discussion of other types of waterbodies will build upon what is said about 
streams.       
 
     The title of this section is a peculiar looking equation for a good reason.  Most people want healthy, 
attractive streams that smell good and fit their image of a high-quality stream: scenic vegetation along 
the stream’s edges, clear water, some rocks, perhaps a submerged log or two, and plenty of fish.  The 
water flowing in this ideal stream may be moving fast or slow and will have varying depths, but it is 
unlikely to smell bad, and it probably offers a great place to cool down after a hot day.  Add the sounds 
of cicadas and the songs of birds, and the picture gets better still.   
 
     The imagined stream contains far more than what has traditionally been termed “water quality.”  
Refer back to this imaginary stream and add this to the scene:  the local transportation agency wants to 
build a large interchange across the stream.  With heavy equipment they redesign the channel, so the 
stream is straight and the sides and bottom wear a permanent coat of concrete .  Then the actual highway 
construction begins, and another 110 feet of concrete is installed on either side of the stream.   
 
     At last it is time to stand back and cut the ribbon, because the new superhighway is finished.  This 
stream is no longer a good place to fish and swim, observe wildlife, and relax.  The water flowing 
through the channel, the one that was so recently a natural stream, is of the same quality that it was 
before.  The changes that have taken place have been to the banks and bottom, not the water itself.  
However, it would be untrue to say that this is still a high- quality stream.   The fish have been driven 
away, the birds are gone, the trees that shaded the water are just a memory.   
 
     There is much more to a high-quality stream than good water quality.  The physical habitat and biota 
of the stream are equally important.  We will examine the three broad categories of water quality, biotic 
quality, and physical habitat quality in detail.  

     The stream on the left is a well-functioning, high-quality stream.  The stream on the right 
still boasts good water quality, but its habitat has been altered.  No animals can make a home 
here, and people do not flock here to fish and swim. 
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Physical Habitat 
     Everything needs a place to live, and has a preferred 
habitat where it thrives best.  Usually, animals and 
plants can flourish in non-optimal habitats only when 
there is little or no competition.  When an organism is 
found in large numbers outside of its normal habitat, its 
competitors probably have been removed. 
 
     The more different kinds of habitat that are present, 
the more different kinds of animals and plants can be 
found.   
 
     The most important parts of  habitat are: 
 
Substrate  - The material that composes the bottom of the waterbody is the substrate.  It can consist of 
rocks, mud, sand, hardpan clay, organic material such as partially rotted leaves and twigs, and anything 
else that happens to be there. 
 
Structure  - The three-dimensional materials in the water are known as “structure.”  Submerged logs, 
underwater ledges, and large boulders are common examples of structure. 
 
Depth of Water - Not only must an organism be able to fit into the water, its preferred food must live 
there, and in many cases, its chief predators must be excluded, or at least hindered.  Many animals 
occupy water of a certain depth that satisfies all of these requirements. 
 
Speed of Water - Some organisms like flowing water because they are stationary and get their meals 
delivered by flowing water.  Others like still water.  There are many reasons why water of a certain 
speed is preferred by different organisms. 
 
Riparian Vegetation - Found within the zone where land and water meet, riparian vegetation can cool 
water by 10 - 15 degrees Fahrenheit by providing shade.  The plant’s along the water’s edge provide 
high quality food with leaves, twigs, and insects that fall into the water.  Riparian vegetation also 
provides habitat and streambank stability.  

 
Water Temperature - How cool or warm 
the water is effects the metabolic rate of 
living things in the water and the water’s 
dissolved oxygen (DO) content.  Factors 
that impact the water  temperature are 
shade, water depth, and water source. 
 

   Structure and substrate provide materials 
that are hidden under, burrowed around, and 
clung to. 

   Varying speeds and depths of water are factors that 
make streams unique. 
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      All of the factors discussed on the previous page are part of aquatic  habitat.  A healthy stream or 
lake has habitat that will support fish, aquatic insects, and other animals and plants.  Habitat can be 
impacted when riparian areas are disturbed, which often contributes sediment loads to the water.  Two 
other types of disturbances known to contribute sediment are channelization and  landuse changes that 
cause increased stormwater flushes.  Functional streams that support life and carry water efficiently can 
exist even in urban areas, and relatively easily in agricultural ones. 
 
 

“When we try to pick out anything by itself, 
we find it attached to everything else in the universe.” 

John Muir 
 
 
 

NOTES: ___________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 
__________________________________________________________________________________________ 
 

     Riparian areas are important, productive zones where land and water meet. 
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Chemical Habitat 
     Anything dissolved in water, and much of the fine particulate matter suspended in water is 
considered part of the chemical habitat of an aquatic organism.  It is universally  true that whenever 
there is too much of anything it can be considered a pollutant.  Just as all organisms have a preferred 
physical habitat, they also have a preferred chemical habitat.   
     
      The right concentration of a chemical or nutrient for one species might be too much or too little for 
another.  There is no perfect amount of any chemical dissolved in the water.  Even dissolved oxygen can 
be viewed as a pollutant under some circumstances.  If too much oxygen is introduced into an area 
where it doesn’t occur naturally, the entire community’s metabolism will change.  In the process, many 
species that did well with less oxygen will be replaced with new and different species. 
 
    Several broad categories of dissolved or suspended chemicals make up the chemical habitat.  These 
include: 
• macronutrients (nutrients needed in large quantities); 
• micronutrients (nutrients needed in small quantities); 
• salts (affect the ionic balance of the water); 
• dissolved inorganic carbon; 
• dissolved organic carbon; 
• pH;  
• oxygen; and 
• suspended solids. 
      
    No living cell on earth can survive without 
most of these in one form or another.  These 
chemicals are absolutely necessary for life, yet 
in too great a concentration, any one of these 
can become a pollutant! 
 
 
     A category that is part of both the chemical 
and physical habitat is suspended solids, or fine 
clays and organic particles.  Suspended solids 
can greatly influence the physical habitat, and 
they influence the chemical habitat by binding 
to phosphate and metal ions, many of which are 
essential micronutrients. The result can be 
micronutrients that are unavailable for plants 
and animals.  In an otherwise unpolluted stream, 
micronutrients bound to suspended solids can 
cause growth limitations. 
      
 

     Chemical monitoring on a regular basis provides 
important information about water quality.  This 
information, along with habitat and biotic data, 
provides valuable feedback on the health of a 
particular waterbody. 
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     In a class all by itself, oxygen is a very important dissolved chemical.  Oxygen is needed by all 
plants and animals.  Oxygen is not very soluble in water, but aquatic plants and animals get their oxygen 
from the water, and at best, dissolved oxygen can be found at maximum concentrations of 15 parts per 
million (ppm).  By contrast - the air we breathe is 200,000 ppm.  While we would not notice our oxygen 
level being lowered by 10 ppm, decreasing the dissolved oxygen in the water by just a few ppm can 
have a drastic impact on the stream’s life. 
 
     As water warms, it holds less and less oxygen.  At 0 degrees Centigrade (32 degrees Fahrenheit), it 
can hold 15 ppm.  At 35 degrees C (95 degrees F), it can hold only 7.  Since most fish require 5 ppm to 
survive, high temperatures of summer pose greater risks. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
NOTES: __________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 
 
__________________________________________________________________________________ 

     A healthy stream has areas shaded by a good stand of trees and shrubs.  The shade 
from the trees is important for keeping the water cool.  Cooler water can hold more 
dissolved oxygen, thus making the stream home to a greater diversity of fish.  This results 
in a more stable ecosystem that is better able to withstand certain types of pollution. 
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Macronutrients  
     Macronutrients — nitrogen, phosphorous, and potassium — are familiar to any farmer and many 
homeowners.  In streams, there is almost never too much or too little potassium, so we usually ignore it.  
Nitrogen and phosphorous, on the other hand, almost always limit growth in an unpolluted stream.  

  
     All proteins contain nitrogen, and all DNA and 
RNA contain a lot of phosphorous.  Nothing can live 
without these two elements, and, after water and 
carbon, they are the ingredients all life forms need the 
most.  
 
     Because nitrogen and phosphorous stimulate plant 
and microorganism growth, these elements can be 
major pollutants.  The pollution potential of these 
elements will be discussed in another section.  
 
Micronutrients 
    Living organisms require other elements in very 
small quantities.  Sulphur, silicon, manganese, cobalt, 
vanadium, iron, magnesium, and calcium are a few 
micronutrients needed by plants and animals to 
survive.   
 
     While essential, many micronutrients are highly  
toxic if supplied in high doses or in the wrong form.  
Chromium and selenium, for example, are 
micronutrients that can be very poisonous.  
 
 

 
 
Common Salts 
     Nothing can live in pure water.  A fish placed in pure water will die quickly, as will bacteria, plants, 
and any other aquatic organism.  A certain amount of dissolved salts in water is necessary to keep the 
right balance of salts and water in the living organisms.  The common salts that do the bulk of this work 
are sodium chloride, calcium sulfate, and various carbonates.  As with all other things, too much of any 
one of these salts can present a major problem, and even cause a fish kill, yet some of each is necessary 
for life to exist. 
 
Dissolved Inorganic Carbon 
     Dissolved inorganic carbon consists of the various carbonate salts and dissolved carbon dioxide.  
Without these, plants cannot grow, and without plants, animals cease to exist.  In a well balanced water-
body, there is almost never a shortage of dissolved inorganic carbon, but again, too much can be very 
harmful.           

     There is so little nitrogen and phosphorous 
in an unpolluted stream that life in the stream 
depends upon what falls in, such as insects, 
twigs, and leaves, for nutrients.   
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Dissolved Organic Carbon 
     Most animals and many plants require vitamins.  Most vitamins and other growth factors are 
produced by bacteria, and small but absolutely necessary amounts of them float around in all water.   
 
     Other organic compounds, like sugars and organic acids, leak out of living cells and contribute to the 
mix of food on which bacteria in unpolluted waters feed.  This leakage is a good thing, because bacteria 
are necessary for decay and vitamin production.  Like everything else, though, too much is considered 
pollution.  The high level of dissolved organic carbon in sewage effluent stimulates bacteria l growth to 
the point that all dissolved oxygen is used and the fish and macroinvertebrates die. 
 
pH 
       An important chemical category is pH, a 
measure of the acidity of the water.  Since even 
pure water produces a few hydrogen ions that 
contribute to acidity, pH is a characteristic 
shared by polluted and unpolluted water. 
 
     A pH of 7 is neutral, values from 0-7 acidic, 
and values ranging from 7 - 14 caustic.  Water 
with pH varying between 6.0 and 8.5 is 
generally suitable for most aquatic life.   
 
     In the southeastern part of Oklahoma, pH 
can be as low as 6.0, while it tends to range 
from 6.8 to 8.5 over the rest of the state.  A pH 
of less than 6.0 can affect reproduction of an 
aquatic species, but adults can often withstand 
a pH of 5.0 or less.   
 
     An interesting and important characteristic 
of pH is that it affects the toxicity of many 
poisons that end up in streams.  Lower pH 
values tend to increase the toxicity of metals, 
while higher pH values can render these same 
metals unavailable, causing deficiencies.  High 
pH values drastically increase the toxicity of 
ammonia.  Many pesticides have pH-dependent 
toxicity. 
 
 

 
 
 

 
“What’s the use of a house if you don’t have a decent planet to put it on?” 

Henry David Thoreau 
 

     Testing for dissolved oxygen can be 
accomplished with meters or with simple field 
kits such as the one used here by a volunteer. 
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Biotic Quality 
     Streams, lakes and wetlands depend equally on water quality, 
physical habitat quality, and biotic quality.  If the water quality 
(chemical habitat) is high, and the physical habitat is high, and all 
the organisms that naturally live in the stream are present, then 
the biotic quality is probably high also.  However, the same way 
that the removal of physical or chemical habitat components 
changed our ideal imaginary stream for the worse, changes to the 
biota can affect a waterbody also.  These changes can occur with 
or without changes to the chemical and physical environment. 
 
     Biotic interactions take place when a living entity is part of the 
physical habitat for something else.  Aquatic plants always 
provide substrate and structure for invertebrates and fish.  Young 
fish, in particular, have very poor survival rates without beds of 
aquatic plants in which they can hide from larger animals.   
 
     If large beds of aquatic plants are removed from a stream, and 
there is no shallow water small fish can retreat to, the end result 
can be a few very large fish, which will go hungry after all the 
small fish are gone.  The result can be a drastic decrease in total 
fish production.  

     
 
      Other biotic interactions are more subtle 
and don’t result from any changes at all to 
the chemical or physical  habitat. 
 
     High fishing pressure that decreases the 
population of large predatory fish from a lake 
or stream can result in a community 
dominated by small, stunted insect-eating 
sunfish and an overabundance of insect-
eating minnows.  Because the main 
consumers of algae are insects, the 
population of algae often explodes when the 
population of insect-eating fish explodes.  
Excessive algae depletes oxygen in water, 
resulting in a fish kill.   
 

Remember - we would not have had too much algae had we not removed the large fish that kept the 
insect-eating fish population under control.  Once the insect-eating fish became too numerous, the 
insects were eaten and the algal population exploded!  

     Aquatic plants provide a fine 
place for aquatic insects and young 
fish to find refuge from larger, 
hungry animals. 

     When urban development or farming practices result 
in streams that are devoid of aquatic vegetation over 
large areas, the diversity of fish and insects living in the 
stream will decrease. 
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     There are countless ways that one animal or plant can 
influence another without eating it.  Sometimes it is a simple 
matter of competition for food or habitat space.  Another is 
when an animal uses the burrow of another animal for nesting 
space.  Channel catfish will only nest in cavities and are often 
found nesting in abandoned beaver burrows.  Fresh water 
mussel larvae get their start in life on the gills of certain fish 
species and cannot reproduce without these fish present. 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
  

 
 
    
 
 
    In summary, a healthy waterbody exists when the water quality is good, the waterbody’s physical 
components can provide homes for plants and animals, and the plants and animals that should be able to 
live there are present. 
 
     The Oklahoma Conservation Commission’s Water Quality Division monitors the condition of 
waterbodies in Oklahoma through their own projects, support to conservation districts, and the 
administration of nonpoint source pollution grant projects.  Commission staff members use data to 
prepare plans for stream protection and restoration throughout the state.   
 
 

“Our liquid planet glows like a soft blue sapphire in the hard-edged darkness of space. 
There is nothing else like it in the solar system.  It is because of water.” 

John Todd 

     The balance of life in a stream or lake 
is delicate. By removing too many fish at 
the top of the food chain, population 
levels of everything else will change. The 
result can be a change in the chemical 
quality of the water, altering the species 
composition even further. 

     The intimate relationship between a stream’s water 
chemistry, habitat, and plants and animals holds many 
mysteries. Understanding these ecological concepts marks 
the beginning of finding a way to respect and conserve 
our many natural aquatic resources. 



33 

Stream Ecology: 
Foodwebs, Nutrients, and Oxygen 
 
     A natural “follow-up” to the previous section that covers chemistry, habitat, and stream life is this 
highly simplified look at foodwebs, nutrients, and oxygen.  Streams, ponds and wetlands have 
foodchains, or foodwebs.  At the base of all foodwebs is some type of plant. 
 
     Plants that form the base of a stream’s foodweb can grow in the stream or grow on dry land and fall 
into the stream.   Nutrients, essential for plant growth, come from manure or fertilizers, with small 
amounts occurring naturally in all soils. 

 
     Unpolluted streams are dominated by 
invertebrates that shred dead leaves and twigs and by 
small fish that eat insects.  The water has no 
noticeable algae and underwater rocks and logs look 
clean.  Dissolved oxygen levels remain close to 
saturation during both day and night, meaning that 
levels don’t vary much over a 24-hour period.  
 
     Polluted streams are dominated by insects, and 
often small fish, that eat algae.  At low levels of 
pollution, the invertebrates will scrape algae off of 
rocks and sticks.  At higher levels, they will filter 
plankton (floating) algae out of the water.   
 
     Where lots of algae exist, very wide swings in the 
levels of dissolved oxygen concentrations from day 
to night can be expected.   DO levels are likely to be 

considerably more than 100 percent saturation level during the day, and much less than 100 percent at 
night.  At night the algae and other aquatic plants are respiring, us ing oxygen but adding none.  During 
the day, oxygen is added to the water as a by-product of photosynthesis. 
 
     At even higher levels of pollution, algae don’t grow well (or 
at all).  The stream becomes dominated by aquatic invertebrates 
(such as tubifex and bloodworms) that do not need much 
dissolved oxygen to survive.  Bacteria and fungi grow so well 
in these waters that they also dominate.  At these pollution 
levels, water will appear gray or black instead of green, and few 
or no fish will be present.   

     An unpolluted stream gets most of its plant 
material from terrestrial vegetation.  A polluted 
stream gets almost all of its plant material from 
algae. 

     Very highly polluted waters usually host 
low levels of dissolved oxygen during the day 
(well below saturation) and approach 0 at 
night.  These waters sometimes have an 
unhealthy gray or black coloration. 


