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Aquatics Resource   

Study Guide 

  



This manual is divided into sections based on the 4 Key Points of the 

Colorado Envirothon Aquatics Curriculum. 

Each section covers the Learning Objectives listed in the individual Key Point. 

To prepare for the Colorado Annual Contest it is recommended that you use 

the information in this manual along with the PowerPoints and videos 

referenced on the website. 

Go to https://www.coloenvirothon.org/aquatics-ecology.html to access the 

additional information you will need to be familiar with. 

 

General Aquatic Ecology Resources 

 

River Watch Website: 

https://coloradoriverwatch.org/forms-copy/ 

 

Wetland function and values: 

http://cfpub.epa.gov/watertrain/pdf/modules/WetlandsFunctions.pdf 

https://www.epa.gov/watershedacademy   

 

Lake Ecology: 

http://cfpub.epa.gov/watertrain/pdf/limnology.pdf 

 

Invertebrates: 

http://www.dep.wv.gov/WWE/getinvolved/sos/Documents/Benthic/WVSOS_MacroIDGuid

e.pdf 

 

Effects of Human Settlement on Bird Communities in Lowland Riparian Areas of 

Colorado 

http://millerlab.nres.illinois.edu/pdfs/Effects%20of%20Human%20Settlement%20on%20

Bird%20Communities%20in%20Lowland%20Riparian%20Areas%20of%20Colorado%20(

USA).pdf 

 

Note: pay attention to the concepts and findings of the study and donôt get intimidated 

by the statistical methods. 
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Aquatics Ecology 
Key Point 1ðAbiotic factors 
Learning Objectives: 

1. Know the processes and phases for each part of the water cycle and understand the water cycle's 
role in soil nutrient erosion, salinization of agricultural lands, and climatic influences. 

2. Understand the concept and components of a watershed and be able to identify stream orders and 
watershed boundaries. Know the features of a healthy watershed and an unhealthy watershed. 

3. Know how to perform and interpret chemical water quality tests and understand why aquatic 
organisms and water quality is affected by the physical, chemical and biological conditions of the 
water. 

 

 
 
Suggested Activities: 
¶ Use topographic maps to investigate the concept of a watershed, identify a riverɠs 

watershed system, and delineate the watershed of a given area. Be able to describe how 
different land uses and watershed characteristics can affect water runoff, water flow, types 
of stream habitats and management approaches. 

Find Watershed Delineation diagrams at the end of this resource 

¶ Investigate and find out who is using the water in your watershed and become familiar 
with historic stream and river levels to learn if levels are increasing or decreasing. Use 
stream assessment data to determine the health of your watershed. 

¶ Conduct chemical water quality tests to determine the temperature, dissolved oxygen, pH, 
phosphorus, alkalinity, nitrogen, and dissolved oxygen percent saturation of a water 
sample and explain why these test results are indicators of water quality and can be used 
to assess and manage aquatic environments. 

 



Importance of Water 

Water is essential for all life to survive. Everything is linked to water directly or indirectly. Water is a 
widespread life sustaining substance comprising 70-90% of all living materials and covering a 
similar percentage of the Earth's surface. Of the Earth's total moisture however, some 97% is 
contained in the oceans with less than .003% flowing in the rivers and streams. 

The Hydrologic Cycle 

The Earth is a closed system; all the water that is on earth has been here since its formation. Water 

moves around the world, changes forms, is taken in by plants and animals, but never really 

disappears. Water can assume the form of ice (solid), water (liquid), or water vapor (gas). Water 
can be found on the earth's surface as ponds, lakes, streams, rivers, and oceans or as ground 

water in aquifers. Water can also be found in ice caps or in the atmosphere. It "travels" in a large, 
continuous cycle through a number of reservoirs (the largest being the oceans). The process in 
which water moves between these places and changes from one form to another is known as 
the hydrologic cycle 

The water cycle has no starting point. But, we'll begin in the oceans, since that is where most 
of Earth's water exists. The sun, which drives the water cycle, heats water in the oceans. Some 
of it evaporates as vapor into the air. Ice and snow can sublimate directly into water vapor. 
Rising air currents take the vapor up into the atmosphere, along with water from 
evapotranspiration, which is water transpired from plants and evaporated from the soil. The 
vapor rises into the air where cooler temperatures cause it to condense into clouds. Air currents 
move clouds around the globe, cloud particles collide, grow, and fall out of the sky as 
precipitation. Some precipitation falls as snow and can accumulate as ice caps and glaciers, 
which can store frozen water for thousands of years.  

Snowpacks in warmer climates often thaw and melt when spring arrives, and the melted water 
flows overland as snowmelt. Most precipitation falls back into the oceans or onto land, where, 
due to gravity, the precipitation flows over the ground as surface runoff.  



A portion of runoff enters rivers in valleys in the landscape, with streamflow moving water 
toward the oceans. Runoff, and groundwater seepage, accumulate and are stored as 
freshwater in lakes. Not all runoff flows into rivers, though. Much of it soaks into the ground as 
infiltration. Some water infiltrates deep into the ground and replenishes aquifers (saturated 
subsurface rock), which store huge amounts of freshwater for long periods of time. Some 
infiltration stays close to the land surface and can seep back into surface-water bodies (and 
the ocean) as groundwater discharge, and some ground water finds openings in the land 
surface and emerges as freshwater springs. Over time, though, all of this water keeps moving, 
some to reenter the ocean, where the water cycle "ends" ... oops - I mean, "begins." 

Evaporation 

Evaporation is the process by which water changes from a liquid to a gas or vapor. 
Evaporation is the primary pathway that water moves from the liquid state back into the water 
cycle as atmospheric water vapor. The oceans, seas, lakes, and rivers provide nearly 90 
percent of the moisture in the atmosphere via evaporation, with the remaining 10 percent being 
contributed by plant transpiration. Heat (energy) is necessary for evaporation to occur. Energy 
is used to break the bonds that hold water molecules together, which is why water easily 
evaporates at the boiling point (212° F, 100° C) but evaporates much more slowly at the 
freezing point. 

Evaporation from the oceans is the primary mechanism supporting the surface-to-atmosphere 
portion of the water cycle though, a very small amount of water vapor enters the atmosphere 
through sublimation. After all, the large surface area of the oceans (more than 70 percent of 
the Earth's surface is covered by the oceans) provides the opportunity for large-scale 
evaporation to occur. On a global scale, the amount of water evaporating is about the same as 
the amount of water delivered to the Earth as precipitation. This does vary geographically, 
though. Evaporation is more prevalent over the oceans than precipitation, while over the land, 
precipitation routinely exceeds evaporation. Most of the water that evaporates from the oceans 
falls back into the oceans as precipitation. Only about 10 percent of the water evaporated from 
the oceans is transported over land and falls as precipitation.  

Once evaporated, a water molecule spends about 10 days in the air. The process of 
evaporation is so great that without precipitation runoff, and groundwater discharge from 
aquifers, oceans would become nearly empty. Less evaporation takes place during periods of 
calm winds than during windy times. When t he air is calm, evaporated water tends to stay 
close to the water body; when winds are present, the more moist air close to the water body is 
moved away and replaced by drier air which favors additional evaporation. 

Sublimation 

Sublimation is the conversion between the solid and the gaseous phases of matter, with no 
intermediate liquid stage. For those of us interested in the water cycle, sublimation is most 
often used to describe the process of snow and ice changing into water vapor in the air without 
first melting into water. The opposite of sublimation is "deposition," where water vapor changes 
directly into ice-such a snowflakes and frost. Sublimation occurs more readily when certain 
weather conditions are present, such as low relative humidity and dry winds. Sublimation also 
occurs more at higher altitudes, where the air pressure is less than at lower altitudes. 
 



What is a Watershed? 

A watershed is simply the land that water flows across or through on its way to a common 
stream, river, or lake. A watershed can be very large (e.g. draining thousands of square miles 
to a major river or lake or the ocean), or very small, such as a 20-acrewatershed that drains to 
a pond. A small watershed that nests inside of a larger watershed is sometimes referred to as 
a subwatershed.  

Everyone lives in a watershed! Watersheds provide our drinking water, habitat for wildlife, soil 
in which to grow our food, and the streams, rivers and lakes we use for fishing, boating and 
swimming. We all share a common interest in having a healthy watershed. The US 
Environmental Protection Agency has long promoted using a watershed approach to manage 
our land and water resources. The scientific basis for this approach is documented by research 
on the important connection between land use and watershed health. 

During the land development process, forests are cleared, soils are compacted, natural 
drainage patterns are altered, and impervious surfaces such as roads, buildings and parking 
lots, are created. These changes increase the amount of polluted runoff that reaches our 
local waterways. As a result, stream banks begin to erode, critical in-stream habitats are 
washed away or filled in with sediment, downstream flooding increases, and water becomes 
too polluted to support sensitive fish and bugs or recreational activities. 

Water Storage in the Atmosphere  

The water cycle is all about storing water and moving water on, in, and above the Earth. 
Although the atmosphere may not be a great storehouse of water, it is the superhighway used 
to move water around the globe. Evaporation and transpiration change liquid water into vapor, 
which ascends into the atmosphere due to rising air currents. Cooler temperatures aloft allow 
the vapor to condense into clouds and strong winds move the clouds around the world until the 
waterfalls as precipitation to replenish the earthbound parts of the water cycle. About 90 
percent of water in the atmosphere is produced by evaporation from water bodies, while the 
other 10 percent comes from transpiration from plants. There is always water in the 
atmosphere. 

Evapotranspiration 

Evapotranspiration is defined as the process by which water is discharged to the atmosphere 
as a result of evaporation from the soil and transpiration by plants. Transpiration rates vary 
widely depending on weather conditions, such as temperature, humidity, sunlight availability 
and intensity, precipitation, soil type and saturation, wind, and land slope. During dry periods, 
transpiration can contribute to the loss of moisture in the upper soil zone, which can have an 
effect on vegetation and food-crop fields. The amount of water that plants transpire varies 
greatly geographically and over time.  

There are a number of factors that determine transpiration rates: 
Temperature: Transpiration rates go up as the temperature goes. Higher temperatures cause 
the plant cells which control the openings (stoma) where water is released to the atmosphere 
to open, whereas colder temperatures cause the openings to close. 
Relative humidity: As the relative humidity of the air surrounding the plant rises the 
transpiration rate falls. It is easier for water to evaporate into dryer air than into more saturated 
air. 



Wind and air movement: Increased movement of the air around a plant will result in a higher 
transpiration rate. 
Soil-moisture availability: When moisture is lacking, plants can begin to senesce (premature 
ageing, which can result in leaf loss) and transpire less water.  
Type of plant: Plants transpire water at different rates. Some plants which grow in arid 
regions, such as cacti and succulents, conserve precious water by transpiring less water than 
other plants. 
 

Transpiration and ground water  

In many places, the top layer of the soil where plant roots are located is above the water 
table and thus is often wet to some extent, but is not totally saturated, as is soil below 
the water table. The soil above the water table gets wet when it rains as water infiltrates 
into it from the surface, but it will dry out without additional precipitation. Since the water 
table is usually below the depth of the plant roots, the plants are dependent on water 
supplied by precipitation. In places where the water table is near the land surface, such 
as next to lakes and oceans, plant roots can penetrate into the saturated zone below 
the water table, allowing the plants to transpire water directly from the groundwater 
system. Here, transpiration of ground water commonly results in a drawdown of the 
water table much like the effect of a pumped well. 

Precipitation 

Precipitation is water released from clouds in the form of rain, freezing rain, sleet, snow, or 
hail. It is the primary connection in the water cycle that provides for the delivery of atmospheric 
water to the Earth. Most precipitation falls as rain. 

Stored Water 

The water cycle describes how water moves above, on, and through the Earth. But, in fact, 
much more water is "in storage" at any one time than is actually moving through the cycle. By 
storage, we mean water that is locked up in its present state for a relatively long period of time. 
Short-term storage might be days or weeks for water in a lake, but it could be thousands of 
years for deep groundwater storage or even longer for water at the bottom of an ice cap, such 
as in Greenland.  

Just because water in an ice cap or glacier is not moving does not mean that it does not have 
a direct effect on other aspects of the water cycle and the weather. Ice is very white, and since 
white reflects sunlight (and thus, heat), large ice fields can determine weather patterns. Air 
temperatures can be higher a mile above ice caps than at the surface, and wind patterns, 
which affect weather systems, can be dramatic around ice-covered landscapes. 

Snowmelt Runoff to Streams 

Runoff from snowmelt is a major component of the global movement of water. Of course, the 
importance of snowmelt varies greatly geographically, and in warmer climates it does not 
directly play a part in water availability. In the colder climates, though, much of the springtime 
runoff and streamflow in rivers is attributable to melting snow and ice. Mountain snowfields act 
as natural reservoirs for many western United States water-supply systems, storing 
precipitation from the cool season, when most precipitation falls and forms snowpacks, until 



the warm season when most or all snowpacks melt and release water into rivers. As much as 
75 percent of water supplies in the western states are derived from snowmelt. 

Surface Runoff 

Surface runoff is precipitation runoff over the landscape. As with all aspects of the water cycle, 
the interaction between precipitation and surface runoff varies according to time and 
geography. Surface runoff is affected by both meteorological factors and the physical geology 
and topography of the land. Only about a third of the precipitation that falls over land runs off 
into streams and rivers and is returned to the oceans. The other two-thirds is evaporated, 
transpired, or soaks (infiltrates) into ground water. Surface runoff can also be diverted by 
humans for their own uses. 

As more and more people inhabit the Earth, and as more development and urbanization occur, 
more of the natural landscape is replaced by impervious surfaces, such as roads, houses, 
parking lots, and buildings that reduce infiltration of water into the ground and accelerate runoff 
to ditches and streams. In addition to increasing imperviousness, removal of vegetation and 
soil, grading the land surface, and constructing drainage networks increase runoff volumes and 
shorten runoff time into streams from rainfall and snowmelt. As a result, the peak discharge, 
volume, and frequency of floods increase in nearby streams. 

Streamflow 

"Streamflow" refers to the amount of water flowing in a river and streamflow is always 
changing. Of course, the main influence on streamflow is precipitation runoff in the watershed. 
Rainfall causes rivers to rise, and a river can even rise if it only rains very far up in the 
watershed - remember that water that falls in a watershed will eventually drain by the outflow 
point. The size of a river is highly dependent on the size of its watershed. Large rivers have 
watersheds with lots of surface area; small rivers have smaller watersheds. 

Likewise, different size rivers react differently to storms and rainfall. Large rivers rise and fall 
slower and at a slower rate than small rivers. In a small watershed, a storm can cause 100 
times as much water to flow by each minute as during base-periods, but the river will rise and 
fall possibly in a matter of minutes and hours. Large rivers may take days to rise and fall, and 
flooding can last for a number of days. After all, it can take days for all the water that fell 
hundreds of miles upstream to drain past an outflow point. 

Freshwater Storage 

Earth's surface-water bodies are generally thought of as renewable resources, although they 
are very dependent on other parts of the water cycle. The amount of water in our rivers and 
lakes is always changing due to inflows and outflows. Inflows to these water bodies will be 
from precipitation, overland runoff, groundwater seepage, and tributary inflows. Outflows from 
lakes and rivers include evaporation and discharge to ground water. Humans get into the act 
also, as people make great use of surface water for their needs. 

So, the amount and location of surface water changes over time and space, whether naturally 
or with human help. Surface water keeps life going. Water on the land surface really does 
sustain life. And, since ground water is supplied by the downward percolation of surface water, 
even aquifers are happy for water on the Earth's surface. You might think that fish living in the 
saline oceans aren't affected by freshwater, but, without freshwater to replenish the oceans 
they would eventually evaporate and become too saline for even the fish to survive. 



Useable freshwater is very scarce. Freshwater represents only about three percent of all water 
on Earth and freshwater lakes and swamps account for a mere 0.29 percent of the Earth's 
freshwater. Twenty percent of all freshwater is in one lake, Lake Baikal in Asia. Another twenty 
percent is stored in the Great Lakes (Huron, Michigan, and Superior). Rivers hold only about 
0.006 percent of total freshwater reserves. People have built systems, such as large reservoirs 
and small water towers (like this one in South Carolina, created to blend in with the peach 
trees surrounding it) to store water for when they need it. These systems allow people to live in 
places where nature doesn't always supply enough water or where water is not available at the 
time of year it is needed. 

Infiltration 

Anywhere in the world, a portion of the water that falls as rain and snow infiltrates into the 
subsurface soil and rock. How much infiltrates depends greatly on a number of factors. Some 
water that infiltrates will remain in the shallow soil layer, where it will gradually move vertically 
and horizontally through the soil and subsurface material. Eventually, It might enter a stream 
by seepage into the stream bank. 

Some of the water may infiltrate deeper, recharging groundwater aquifers. If the aquifers are 
porous enough to allow water to move freely through it, people can drill wells into the aquifer 
and use the water for their purposes. Water may travel long distances or remain in 
groundwater storage for long periods before returning to the surface or seeping into other 
water bodies, such as streams and the oceans. 

Factors affecting infiltration: 

¶ The amount and characteristics (intensity, duration, etc.) of precipitation. 

¶ Soil characteristics. 

¶ The degree to which soil is saturated prior to the rainfall. 

¶ Land cover. 

¶ Topography. 

¶ Evapotranspiration. 

Subsurface water 

As precipitation infiltrates into the subsurface soil, it generally forms an unsaturated zone 
and a saturated zone. In the unsaturated zone, the voids-that is, the spaces between grains 
of gravel, sand, silt, clay, and cracks within rocks-conta in both air and water. Although a lot 
of water can be present in the unsaturated zone, this water cannot be pumped by wells 
because it is held too tightly by capillary forces. The upper part of the unsaturated zone is 
the soil-water zone. The soil zone is crisscrossed by roots, openings left by decayed roots, 
and animal and worm burrows, which allow the precipitation to infiltrate into the soil zone. 
Water in the soil is used by plants in life functions and leaf transpiration, but it also can 
evaporate directly to the atmosphere. Below the unsaturated zone is a saturated zone 
where water completely fills the voids between rock and soil particles. Natural refilling of 
deep aquifers is a slow process because ground water moves slowly through the 
unsaturated zone and the aquifer. 

 

 



Spring 

A spring is a water resource formed when the side of a hill, a valley bottom or other excavation 
intersects a flowing body of ground water at or below the local water table, below which the 
subsurface material is saturated with water. A spring is the result of an aquifer being filled to 
the point that the water overflows onto the land surface. They range in size from intermittent 
seeps, which flow only after much rain, to huge pools flowing hundreds of millions of gallons 
daily. 

Why Should Watersheds Be Protected? 

Healthy watersheds can provide for stable local economies that enable people to enjoy a 
quality life and a quality environment. Water is important as a foundation for life and for its 
habitat. Effective watershed protection can provide environmental, economic, and public health 
benefits. By using a preventive approach, water treatment and reservoir maintenance costs 
can be reduced, public health problems can be minimized, and stream baseflow for 
dependable water supply can be maintained.  

An effective watershed program: (1) maintains natural water storage; (2) prevents the 
production of water pollutants; (3) controls the transport of any pollutants that may be 
produced; (4) minimizes the loading of pollutants into water bodies, and (5) supports a vibrant 
ecosystem. We must therefore not only look at the economic and public health benefits of a 
watershed but also protection of the ecosystem that the watershed supports. 

Understanding Your Watershed 

A watershed is a dynamic and unique place. It is a complex web of natural resources - soil, 
water, air, plants and animals. Yet, everyday activities can impact these resources, ultimately 
impacting our well-being and economic livelihood. Each watershed has many features that 
make it unique, including the river and its tributaries, dams, lakes and ponds, mountains, open 
fields forests, and wetlands, to name a few. Important features of a watershed are: 

Ʒ Size of the watershed.    Ʒ Topography (terrain).  

Ʒ Geographic boundary of the watershed.  Ʒ Soil type. 

 

Whether your watershed drains into a stream or lake, the area nearest the water greatly affects 
water quality. This is why filter/buffer strips, wildlife habitat, wetlands and riparian areas are 
important aspects of your watershed. Both filter/buffer strips and wetlands utilize nutrients and 
tie up sediment to help Improve water quality. Wetlands also act as natural sponges to absorb 
peak flows of water and reduce flooding. Many fish and wildlife species rely on wetlands for 
rearing their young, and for food and shelter. 
 
Watershed Delineation ï see last pages of this resource for diagrams 
The first step in understanding your watershed is to delineate the boundaries of your 
watershed. A watershed is the total area of land draining to a body of water such as a stream, 
river, wetland, estuary, or aquifer. Watersheds can range in size from a few acres that drain 
into a small creek to a large basin that drains an entire region into a major waterbody, such as 
the Mississippi River. See the the last pages of this resource to learn how to delineate a 
watershed. 
 



Stream Order and Classification 
Classifying stream order is important because it gives an idea of the size and strength of 
specific waterways within stream networks- an important component to water management. In 
addition, classifying stream order allows scientists to more easily study the amount of 
sediment in an area and more effectively use waterways as natural resources. 
 
Stream order also helps in determining what types of life might be present in the waterway. 
Different types of plants for example can live in sediment filled, slower flowing rivers like the 
lower Mississippi than can live in a fast flowing tributary of the same river. 
 
When using stream order to classify a stream, the sizes range from a first order stream all the 
way to the largest, a 12th order stream. A first order stream is the smallest of the world's 
streams and consists of small tributaries. These are the streams that flow into and "feed" larger 
streams but do not normally have any water flowing into them. In addition, first and second 
order streams generally form on steep slopes and flow quickly until they slow down and meet 
the next order waterway. First through third order streams are also called headwater 
streams and constitute any waterways in the upper reaches of the watershed. It is estimated 
that more than 80% of the world's waterways are these first through third order, or headwater 
streams. 
 
Going up in size and strength, streams that are classified as fourth through sixth order are 
medium streams while anything larger (up to 12th order) is considered a river. For example, to 
compare the relative size of these different streams, the Ohio River in the United States 
is an eighth order stream while the Mississippi River is a tenth order stream. The world's 
largest river, the Amazon in South America, is considered a 12th order stream. Unlike the 
smaller order streams, these medium and large rivers are usually less steep and flow slower. 
They do however tend to have larger volumes of runoff and debris as it collects in them from 
the smaller waterways flowing into them.  
 
When studying stream order, it is important to recognize the pattern associated with the 
movement of streams up the hierarchy of strength. The smallest tributaries are classified as 
first order. It then takes a joining of two first order streams to form a second order stream. 
When two second order streams combine, they form a third order stream, and when two third 
order streams join, they form a fourth and so on. 
 
If however, two streams of different order join, neither increases in order. For example, if a 
second order stream joins a third order stream, the second order stream simply ends by 
flowing its contents into the third order stream, which then maintains its place in the 
hierarchy. 
 
In addition to the ordering system, streams may be classified, as follows, by the period of time 
during which flow occurs: 
ü Perennial flow indicates a nearly year-round flow (90 percent or more) in a well-defined 

channel. Most higher order streams are perennial. 
ü Intermittent flow generally occurs only during the wet season (SO percent of the time 

or less). 



ü Ephemeral flow generally occurs during and shortly after extreme precipitation or 
snowmelt conditions. Ephemeral channels are not well defined and are usually 
headwaters or low order (1-2) streams. 
 

ü Watershed Structure 

Watershed structure includes the structure of flowing waters (mainly rivers and streams 

with associated riverine wetlands and riparian zones), still waters (lakes and associated 

basin-type wetlands and shorelands), and upland areas of watersheds. 

 

¶ Flowing (Lotic) Systems 

The US has more than 3.5 million miles of flowing water systems, which include springs 

and seeps, rivers, streams, creeks, brooks and side channels. The Four-Dimensional 

Concept (Figure 7) recognizes that lotic systems' 

structure exists in a four-dimensional 

framework, as below: 

 

Á Longitudinal (in an upstream and downstream 

direction) - Flowing water systems commonly go 

through structural changes enroute from their source 

to mouth. Three zones are usually recognized - 

headwaters, where flow is usually lowest of any where 

along the system, slope is often steepest, and erosion 

is greater than sediment deposition; transfer zone, the 

middle range of the stream where slope usually 

flattens somewhat, more flow appears, and deposition 

and erosion are both significant processes; and the downstream end's 

depositional zone, where flow is highest but slope is minimal and 

deposition of sediment significantly exceeds erosion most of the time. 

 

Á Lateral (across the channel, floodplains and hillslopes) - Again, significant 

variation occurs among stream types, but a common pattern includes the 

channel, the deepest part of which is called the thalweg;  low floodplains 

that are floodedfrequently, and higher floodplains (e.g., the 100-year or 

500-year) that are rarely inundated; terraces, which are former floodplains 

that a downcutting stream no longer floods; and hillslopes or other upland 

areas extending up-gradient to the watershed boundary. 

 

Á Vertical (surface waters, ground water and their interactions) - It is always 

important to recognize that water bodies are not purely surface features; 

rivers and streams constantly interact with groundwater aquifers and 

exchange water, chemicals, and even organisms. Over its entire length, a 

stream often varies between influent reaches where surface water leaks 



downward into the aquifer, and effluent reaches where the stream 

receives additional water from the aquifer. 

 

Á Temporal (through time, from temporary response to evolutionary 

change)- The dimension of time is important because rivers and streams 

are perpetually changing. Structure as described in the other three 

dimensions above should never be considered permanent, and watershed 

managers should always think of structure not just as what is there now, 

but in terms of the structural changes in progress and their rates of 

occurrence. 

 
¶ Still" ( Lentic) Waters 

Lentic systems generally include lakes and ponds. A lake's structure has a significant 
impact on its biological, chemical, and physical features. Some lentic systems may be 
fresh water bodies, while others have varying levels of salinity (e.g., Great Salt Lake). 
Most basin-type wetlands are also generally grouped within lentic systems; these are 
areas of constant soil saturation or inundation with distinct vegetative and fauna I 
communities. Lakes and ponds are almost always connected with streams in the same 
watershed, but the reverse is not nearly as often true. 

 
The method of lake formation is the basis for classifying different lake. Natural 
processes of formation most commonly include glacial, volcanic, and tectonic forces 
while human constructed lakes are created by dams or excavation of basins. Of the 
processes that form these lakes, glacial activity has been the most important 
mechanism for their formation in North America. Although on human time scales we 
may think of lakes as permanent, they are ephemeral features on the landscape. They 
are found in depressions in the earth's surface in regions where water is available to fill 
the basin. Over time, lakes fill with sediments and organic material while outlets tend to 
erode the lake rim away. 
 
Areas referred to as lake districts contain lakes created by similar processes. While the 
individual lakes in a lake district often share similar geologic features, the lakes 
themselves are often quite unique. In Northern Wisconsin and Minnesota for example 
many of the lakes were formed by the same glacial processes, but the individual 
biological, chemical, and physical characteristics of lakes even just a few miles apart 
can be dramatically different. In these lakes, landscape position of the basin, 
characteristics of the watershed, and morphometry of the basin are usually more 
important than method of basin formation for describing the 
biological features of a lake. 

 
ü Lake Types 

ü Glacial Lakes. Most of North America's lakes including the Great Lakes were formed 
during the most recent cycle of glacial activity (approx. 10,000 to 20,000). Although 
glaciers can form lakes through several unique processes, most basins are carved 
out by the glacier's weight and movement, or created when glacial debris forms 



dams. Glacial moraine dams are responsible for a number of lakes in North America. 
Melting ice blocks left by retreating glaciers create kettle lakes. 
 

ü Tectonic Basins. These basins form or are exposed due to movements of the 
earth's crust. This can result from uplifting as when irregular marine surfaces that 
collect freshwater after elevation (e.g. Lake Okeechobee in Florida), and tilting or 
folding to create depressions that form lake basins. Lakes also form along faults (e.g. 
several lakes in California). 
 

ü Volcanic Lakes. Several differentvolcanic processes can form lake basins. Craters 
form natural basins (Crater Lake in Oregon) well-known for their clear waters and 
lava dams can create basins in valleys. 
 

ü Landslides. Rockfalls or mudslides that dam streams or rivers can form lakes for 
periods as short as a year to several centuries. 
 

ü Solution Lakes. These lakes can be found in areas characterized by significant 
limestone deposits where percolating water creates cavities. These lakes are 
particularly common in Florida. 
 

ü Plunge pools. Although somewhat rare, these lakes were formed when ancient 
waterfalls scoured out deep pools. They are often associated with glacial activity that 
diverted river flow. 
 

ü Oxbow Lakes. Where rivers or streams have meandered across low gradients, 
oxbows can often form in areas where the former channel has become isolated from 
the rest of the river. Several examples can be found along the Mississippi River and 
other large rivers. 
 

ü Beaver-made and Human-made Lakes. Both humans and beavers create lakes 
when they dam rivers and streams. Lake Mead and Lake Powell are two of the more 
dramatic examples of human-made lakes along the course of the Colorado River.In 
addition to the many large dams, there are upwards of one million small dams 
impounding lakes and ponds across the lower 48 states. 

 
ü Basic Functional Differences Between Streams and Lakes 

Differences between lake and stream dynamics are largely the result of differences in the 
location of energy fixation and the water residence time. Streams are primarily 
heterotrophic systems with energy fixed in the terrestrial environment rather than the 
stream itself and they are much more dependent on their watershed. Energy fixation and 
decomposition are spatially separated from each other. Although lakes are also 
dependent on their watersheds largely as the source of nutrients, most of the activity 
occurs in the water. In a lake, energy fixation and utilization of that energy by other 
organisms are not as spatially separated. Organisms in lakes and streams also tend to 
differ, due to the fact that stream organisms experience flowing water currents. The 
majority of primary producers and consumers in streams are benthic organisms that 



spend much of their time closely associated with the substrate. Because many lakes 
stratify and have bottom waters that are limited in light and nutrients, the main challenge 
for organisms in many lakes is to remain suspended in the water column. 
 
 

ü Structure in Upland Areas of Watersheds 
The physical form of the uplands in watersheds can vary greatly. Here we focus only on 
the distribution of and variations in vegetation and land use, which together create the 
element of watershed structure called landscape pattern. Vegetation and land use 
patterns in watersheds are known to have many significant influences on the condition of 
the water bodies they drain into. 
 

¶ Landscape patterns. 
Landscape ecology offers a simple set of concepts and terms for identifying basic 
landscape patterns: matrix, patch, and mosaic (Figure 8). The ecological term 
matrix refers to the dominant(> 60 percent) land cover, while a patch is a nonlinear 
area that is less abundant and different from the matrix. A mosaic is a collection of 
different patches comprising an area where there is no dominant matrix. 

 

¶ Landscape pattern change. 
The individual patches in a landscape can change, and so can the entire 
landscape change in pattern and/or 
composition. Disturbances and various 
landscape processes maintain a constant 
dynamic, referred to as a shifting mosaic. 
Some landscapes remain in a "dynamic 
equilibrium" and, although changing steadily 
from place to place, retain an important quality 
called mosaic stability. A well-managed 
forestry operation, for example, would exhibit 
over the long term a constantly shifting set of 
locations where mature forest occurred, but at 
the same time sustains the relative proportions 
of forested and non forested land in the area. Or, a landscape may evolve toward 
a new type of pattern and composition (e.g., via timber clearcutting, suburban 
sprawl, abandonment and succession of agricultural lands back to forest, or 
landscape change due to disease, fire, or global warming). It is always important, 
when analyzing landscape pattern and landscape change, to remain aware that 
the spatial resolution of your information (how small a landscape feature you can 
detect) may or may not be sufficient to detect all the landscape changes of 
possible significance that may be occurring. 

 

¶ Vegetational patterns. 
Upland vegetation structure varies spatially, following various biogeographical 
patterns based on climate, physiography, soils, disturbance regimes, and their 
interactions. Vegetation communities are areas where a few species of plants 



dominate and establish a characteristic form or structure, within which a potentially 
large number of less abundant organisms also exist. Nationwide, there are 
hundreds of vegetation community types; the Society of American Foresters 
recognizes over 80 forest types alone. As a first step in analyzing vegetational 
patterns, it is easier to recognize a few generalized upland vegetation types based 
on their growth form, including: forests (deciduous, evergreen and mixed), 
shrublands, grasslands, and forbs (broad-leaved herbs). These categories are 
commonly found on land cover maps likely to be available in the GIS data for most 
watersheds, and can be consulted to give a general sense of vegetation patterns 
in the watershed. 

 
Human activity has carved up and fragmented many of the natural vegetation 
patterns that formerly covered our watersheds. Without human influence, however, 
vegetation patterns would not be uniform due to different vegetation communities 
arising from different environmental conditions (e.g. variations in moisture and 
temperature due to slope and aspect) and events (e.g., fire, pest outbreak). 

 

¶ Land-use patterns. 
Increasingly, the landscape structure and pattern we see is the result of 
widespread human activity. In all fields of environmental management including 
watershed management, analysis of land use types, patterns, and trends is 
commonplace. Because multiple uses occur in many locations and some land 
uses are not in themselves a visible landscape feature, mappers often use the 
term land cover to describe the delineation of landscape structure and pattern 
formed by the dominant land uses and remaining vegetation communities. Some 
common land cover categories (indicating land uses within the areas) include: 
urban land (residential, commercial, industrial, mixed), agriculture (row crops, field 
crops, pasture), transportation (roads, railroads, airports), rangelands, silviculture, 
and, mining/extractive areas. Like vegetation patterns, the land use patterns in a 
watershed can be studied through GIS data or maps. Human-dominated 
landscapes, just as natural landscapes, are shifting mosaics that often progress 
through a series of changes in what is dominant. 

 

Watershed Functions 

The essential functions that occur in most healthy watersheds include: transport and storage, 

cycling and transformation, and, ecological succession. 

ü Transport and storage (of water, energy, organisms, sediments, and other materials)  

Because a watershed is an area that drains to a common body of water, one of its main 

functions is to temporarily store and transport water from the land surface to the water 

body and ultimately (for most watersheds) onward to the ocean. But, in addition to moving 

the water, watersheds and their water bodies also transport sediment and other materials 

(including pollutants), energy, and many types of organisms. It is important when 

recognizing the transport function to also recognize temporary retention or storage at 

different locations in the watershed. 



Ʒ Transport and Storage. 

As matter physically moves through the watershed, there are a number of terms 

which arise re lative to various stages of cycling.Availability refers not just to the 

presence of an element in a system, but also speaks to the usability of a given 

agent. For instance, nitrogen gas may be plentiful in and around dam spillways, but 

N2 is not a usable form for most aquatic organ isms, and thus the availability of 

nitrogen is compromised. Detachment refers to the release of matter from an 

anchoring point, and its subsequent movement. Transport, a process most evident in 

stream channels, involves the movement of a material through a 

system. Deposition refers to a given endpoint within a cycle. Integration refers to the 

assimilation of matter into a site or organism 

following depositional processes. 

 

Ʒ Transport and storage of water. 

One can view a watershed as an enormous 

precipitation collecting and routing device, but 

transportation and storage of water actually involves 

a complicated mix of many smaller processes. Even 

before precipitation reaches the ground (Figure 9), it 

interacts with vegetation. Trees and other vegetation 

are responsible for interception and detention of 

some of the rainfall, leading to some evaporation and 

also slowing the amount reaching the ground via 

throughfall and giving it time for better infiltration to 

groundwater (one form of storage). Saturation of 

soils, occurring when precipitation exceeds 

infiltration, leads to overland flow and, over longer 

time frames, drainage network development. The 

consistent flow of water in channels affects and 

shapes channel development and morphology in ways that seek dynamic 

equilibrium with the job to be done (moving water downstream). 

 

Ʒ Transport and storage of sediments. 

Watersheds also collect and transport sediments as a major function. Sediment 

transport and storage is a complex network of smaller watershed processes, like the 

water processes described above, and actually is inseparable from water transport 

and storage. Sediment related processes mostly involve erosion and deposition, but 

sediment transport and storage also play a longer-term role in soil development. 

 

Ʒ Cycling and Transformation. 

Cycling and transformation are another broad class of natural functions in 

watersheds. Various elements and materials (including water) are in constant cycle 

through watersheds, and their interactions drive countless other watershed 



functions. Elements like carbon, nitrogen, and phosphorus comprise the watershed's 

most important biogeochemical cycles. Cycling involves an element of interest's 

transport and storage, change in form, chemical transformation and adsorption. 

 

Ʒ Nutrient Spiraling. 

The flow of energy and nutrients in ecosystems are cyclic, but open-ended. True 

systems, in both an environmental and energetic context, are either "open" (meaning 

that there is some external input and/or output to the cyclic loop) or "closed" 

(meaning that the system is self-contained). In watersheds, streams and rivers 

represent an open-system situation where energy and matter cycles, but due to the 

unidirectional flow, the matter does not return to the spot from whence it came. Also, 

nutrients "spiral" back and forth among the water column, the bodies of terrestrial 

and aquatic organisms, and the soil in the stream corridor enroute downstream. 

Hence, the concept of nutrient "spiraling" implies both movement downstream and 

multiple exchanges between terrestrial and aquatic environment, as well as between 

biotic and abiotic components of the watershed. 

 

Ʒ The Cycling of Carbon and Energy.  

In food webs, carbon and the subsequent synthesized energy is cycled through 

trophic (food web) levels. Energy transfer is considered inefficient, with less than 1 

percent of the usable solar radiation reaching 

a green plant being typically synthesized by 

consumers, and a mere 10 percent of energy 

being typically converted from trophic level to 

trophic level by consumers. 

 

Ʒ Nitrogen (N). 

N2 (gaseous state) is not usable by plants 

and most algae. N-fixing bacteria or blue-

green algae transform it into nitrite (NO2) or 

ammonia (NH4). N fixation, precipitation, 

surface water runoff, and groundwater are all 

sources of nitrogen. Under aerobic 

conditions, NH4+ is oxidized to NO3- (nitrate) 

in the nitrification process. Losses of N occur 

with stream outflow, denitrification of nitrate 

(NO3 ) to N2 by bacteria, and deposition in sediments. Unlike P, inorganic N ions 

are are highly soluble in water and readily leach out of soils into streams. NH4+ 

(ammonium) is the primary end-product of decomposition. 

 

 

 

 



Ʒ Phosphorus (P). 

Phosphorus in unpolluted watersheds is imported through dust in precipitation, or via 

the weathering of rock. Phosphorus is normally present in watersheds in extremely 

small amounts; usually existing dissolved as inorganic orthophosphate, suspended 

as organic colloids, adsorbed onto particulate organic and inorganic sediment, or 

contained in organic water. Soluble reactive phosphorus (consisting of ionic 

orthophosphates) is the only significant form available to plants and algae and 

constitutes less than 5 percent of the total phosphorus in most natural waters. 

Phosphorus tends to exist in waters of a pH of 6-7. At a low pH (<6), P tends to 

combine readily with manganese, aluminum, and iron. At a higher pH (>7), P 

becomes associated with calcium as apatite and phosphate minerals. It is normally 

retained in aquatic systems by algae, bacteria and fungi. 

 

Ʒ Nitrogen and Phosphorus limitation. 

Most watershed systems (both the aquatic and terrestrial realms) are either N or P 

limited, in that these are the required elements which are at the lowest availability. 

As a general rule, the N :P ratio should be 15:1. A lower ratio would indicate that 

N is limiting, a higher ratio places Pin that role. Commonly P is the limiting factor. 

Often, the slightest increase in P can trigger growth, as in algal blooms in an aquatic 

setting. In N and P limited systems, an input of either element above and beyond 

normal, "natural" levels may lead to eutrophication. The stream corridor is often a 

mediator of upland-terrestrial nutrient exchanges. As N and P move down through 

subsurface flow, riparian root systems often filter and utilize N and P, leaving less 

to reach the stream. This has a positive influence on those already nutrient 

overloaded bodies of water but would not necessarily be a positive influence on 

organisms struggling to find food in very clean, nutrient-limited headwaters streams. 

Microbes also denitrify significant amounts of N to the atmosphere. Still, N-fixers, like 

alder, may serve as sources of N for the stream channel, and groundwater pathways 

between the stream and the streamside forest may provide significant quantities 

of nitrogen. 

 

Ʒ Decomposition. 

Decomposition involves the reduction of energy-rich organic matter (detritus), mostly 

by microorganisms (fungi, bacteria, and protozoa) to CO2, H2O and inorganic 

nutrients. Through this process they both release nutrients available for other 

organisms and transform organic material into energy usable by other organisms. In 

lakes, much of the decomposition occurs in the waters prior to sedimentation. In the 

headwater reaches of streams, external sources of carbon from upland forests are a 

particularly important source of organic material for organisms and decomposition of 

microscopic particles occurs very rapidly. The bacteria and fungi modify the organic 

material through decomposition and make it an important food source for 

invertebrate and vertebrate detritivores, thereby reinserting these nutrients and 

materials into the watershed's aquatic and terrestrial food webs. Decomposition is 



influenced by moisture, temperature, exposure, type of microbial substrate, 

vegetation, etc. Specifically, temperature and moisture affect the metabolic activity 

on the decomposing substrate. Nutritional value (as well as palatability) of the 

decomposing structure will also affect the time involved in complete breakdown and 

mineralization. Decomposition involves the following processes: the leaching of 

soluble compounds from dead organic matter; fragmentation; bacterial and fungal 

breakdown; consumption of bacterial and fungal organisms by animals; excretion of 

organic and inorganic compounds by animals; and clustering of colloidal organic 

matter into larger particles. The process of death and consumption, along with the 

leaching of soluble nutrients from the decomposing substrate, release minerals 

contained in the microbial and detrital biomass. This process is known as 

mineralization. 

 

ü Ecological Succession 

The classical ecological definition of plant succession involves a predictable set of 

vegetative changes through a series of discrete stages (series). Recent challenges to the 

original succession concept suggest that succession does not necessarily involve a "climax" 

stage (after which additional changes in dominant species and structure do not normally 

occur). Within the watershed, succession may vary with spatial scale, elevation, and 

topography. Modern successional theories view the landscape as being in a sort of dynamic 

equilibrium, in that various patches make up a shifting mosaic of various successional 

stages.  

 

In watershed terms, succession is a process that circulates significant amounts of the 

watershed's energy, water and materials from the abiotic environment back into the biotic, 

and from one set of predominant organisms on to a subsequent set of dominant organisms. 

Characteristic forms of succession may be typical of specific parts of the watershed. 

Succession builds and gradually changes vegetational structure that serves many critical 

functions such as maintaining varied habitat (recall the earlier discussion of the highest 

biodiversity often being found in areas of intermediate disturbance) and reestablishing 

renewable resources for human use, like woodlots. 

 

 

  



Water Quality Parameters 

These parameters are used to find out if the quality of water is good enough for drinking water, 

recreation, irrigation, and aquatic life. 

Alkalinity refers to how well a water body can neutralize acids. Alkalinity measures the 

amount of alkaline compounds in water, such as carbonates (CO 3 2- ), bicarbonates (HCO 3 - 

), and hydroxides (OH - ). These compounds are natural buffers that can remove excess 

hydrogen ions that have been added from sources such as acid rain or acid mine drainage. 

Alkalinity mitigates or relieves metals toxicity by using available HCO 3 - and CO 3 2- to take 

metals out of solution, thus making it unavailable to fish. Alkalinity is affected by the geology of 

the watershed; watersheds containing limestone will have a higher alkalinity than watersheds 

where granite is predominant. 

Dissolved Oxygen (DO) is the amount of oxygen dissolved in the water. DO is a very 

important indicator of a water body's ability to support aquatic life. Fish "breathe" by absorbing 

dissolved oxygen through their gills. Oxygen enters the water by absorption directly from the 

atmosphere or by aquatic plant and algae photosynthesis. Oxygen is removed from the water 

by respiration and decomposition of organic matter. The amount of DO in water depends on 

several factors, including temperature (the colder the water, the more oxygen can be 

dissolved); the volume and velocity of water flowing in the water body; and the amount 

oforganisms using oxygen for respiration. The amount of oxygen dissolved in water is 

expressed as a concentration, in milligrams per liter (mg/I) of water. Human activities that 

affect DO levels include the removal of riparian vegetation, runoff from roads, and sewage 

discharge. 

Fecal Coliform Bacteria are present in the feces and intestinal tracts of humans and other 

warm-blooded animals, and can enter water bodies from human and animal waste. If a large 

number of fecal coliform bacteria (over 200 colonies/100 ml of water sample) are found in 

water, it is possible that pathogenic (disease- or illness-causing) organisms are also present in 

the water. Pathogens are typically present in such small amounts it is impractical to monitor 

them directly. High concentrations of the bacteria in water may be caused by septic tank 

failure, poor pasture and animal keeping practices, pet waste, and urban runoff. 

Flow is the volume of water moving past a point in a unit of time. Two things make up flow: the 

volume of water in the stream, and the velocity of the water moving past a given point. Flow 

affects the concentration of dissolved oxygen, natural substances, and pollutants in a water 

body. Flow is measured in units of cubic feet per second (cfs). 

Hardness generally refers to the amount of calcium and magnesium in water. In household 

use, these cations (ions with a charge greater than +l) can prevent soap from sudsing and 

leave behind a white scum in bathtubs. In the aquatic environment, calcium and magnesium 

help keep fish from absorbing metals, such as lead, arsenic, and cadmium, into their 

bloodstream through their gills. Therefore, the harder the water, the less easy it is for toxic 

metals to absorb onto gills. 



Nitrogen is required by all organisms for the basic processes of life to make proteins, to grow, 

and to reproduce. Nitrogen is very common and found in many forms in the environment. 

Inorganic forms include nitrate (NO3 ), nitrite (NO2), ammonia (NH3), and nitrogen gas (N3) 

Organic nitrogen is found in the cells of all living things and is a component of proteins, 

peptides, and amino acids. Excessive concentrations of nitrate, nitrite, or ammonia can be 

harmful to humans and wildlife. High levels of nitrate, along with phosphate, can overstimulate 

the growth of aquatic plants and algae, resulting in high dissolved oxygen consumption, 

causing death of fish and other aquatic organisms. This process is called eutrophication. 

Nitrate, nitrite, and ammonia enter waterways from lawn fertilizer run-off, leaking septic tanks, 

animal wastes, industrial waste waters, sanitary landfills and discharges from car exhausts. 

pH measures hydrogen concentration in water and is presented on a scale from O to 14. A 

solution with a pH value of 7 is neutral; a solution with a pH value less than 7 is acidic; a 

solution with a pH value greater than 7 is basic. Natural waters usually have a pH between 6 

and 9. The pH of natural waters can be made acidic or basic by human activities such as acid 

mine drainage and emissions from coal-burning power plants and heavy automobile traffic. 

Phosphorus is a nutrient required by all organisms for the basic processes of life. Phosphorus 

is a natural element found in rocks, soils and organic material. Its concentrations in clean 

waters is generally very low; however, phosphorus is used extensively in fertilizer and other 

chemicals, so it can be found in higher concentrations in areas of human activity. Phosphorus 

isgenerallyfound as phosphate. High levels of phosphate, along with nitrate, can overstimulate 

the growth of aquatic plants and algae, resulting in high dissolved oxygen consumption, 

causing death of fish and other aquatic organisms. The primary sources of phosphates to 

surface water are detergents, fertilizers, and natural mineral deposits. 

Specific Conductance is a measure of how well water can pass an electrical current. It is an 

indirect measure of the presence of inorganic dissolved solids, such as chloride, nitrate, 

sulfate, phosphate, sodium, magnesium, calcium, and iron. These substances conduct 

electricity because they are negatively or positively charged when dissolved in water. The 

concentration of dissolved solids, or the conductivity, is affected by the bedrock and soil in the 

watershed. It is also affected by human influences. For example, agricultural runoff can raise 

conductivity because of the presence of phosphate and nitrate. 

Temperature of water is a very important factor for aquatic life. It controls the rate of metabolic 

and reproductive activities. Most aquatic organisms are "cold-blooded," which means they can 

not control their own body temperatures. Their body temperatures become the temperature of 

the water around them. Cold-blooded organisms are adapted to a specific temperature range. 

If water temperatures vary too much, metabolic activities can malfunction. Temperature also 

affects the concentration of dissolved oxygen and can influence the activity of bacteria in a 

water body. 

Total Organic Carbon (TOC): Organic matter plays a major role in aquatic systems. It affects 

biogeochemical processes, nutrient cycling, biological availability, chemical transport and 

interactions. It also has direct implications in the planning of wastewater treatment and 



drinking water treatment. Organic matter content is typically measured as total organic carbon 

and dissolved organic carbon, which are essential components of the carbon cycle. 

"Total solids" refers to matter suspended or dissolved in water or wastewater, and is related 

to both specific conductance and turbidity. Total Solids includes both total suspended solids 

(TSS), the portion of total solids retained by a filter, and total dissolved solids (TDS), the 

portion that passes through a filter. High levels of TDS or TSS can cause health problems for 

aquatic life. 

Turbidity is a measure of the cloudiness of water- the cloudier the water, the greater the 

turbidity. Turbidity in water is caused by suspended matter such as clay, silt, and organic 

matter and by plankton and other microscopic organisms that interfere with the passage of 

light through the water. Turbidity is closely related to total suspended solids (TSS), but also 

includes plankton and other organisms. Turbidity itself is not a major health concern, but high 

turbidity can interfere with disinfection and provide a medium for microbial growth. It also may 

indicate the presence of microbes. High turbidity can be caused by soil erosion, urban runoff, 

and high flow rates. 

 

Stream Monitoring 

ü Biological Monitoring 

Biological monitoring involves identifying and counting macroinvertebrates. The purpose of 

biological monitoring is to quickly assess both water quality and habitat. The abundance 

and diversity of macroinvertebrates found is an indication of overall stream quality.  

Macroinvertebrates include aquatic insects, crustaceans, worms, and mollusks that live in 

various stream habitats and derive their oxygen from water. They are used as indicators of 

stream quality. These insects and crustaceans are impacted by all the stresses that occur 

in a stream environment, both man-made and naturally occurring. 

Aquatic macroinvertebrates are good indicators of stream quality because: 

Ʒ They are affected by the physical, chemical and biological conditions of the stream. 

Ʒ They can't escape pollution and show effects of short and long-term pollution events. 

Ʒ They are relatively long lived. The life cycles of some sensitive macroinvertebrates 

range from one to several years. 

Ʒ They are an important part of the food web, representing a broad range of trophic 

levels. 

Ʒ They are abundant in most streams. Some 1st and 2nd order streams may lack fish, 

but they generally have macroinvertebrates. 

Ʒ They are a food source for many recreationally and commercially important fish. 

Ʒ They are relatively easy to collect and identify with inexpensive materials. 

 



The basic principle behind the study of macroinvertebrates is that some species are more 

sensitive to pollution than others. Therefore, if a stream site is inhabited by organisms that 

can tolerate pollution, and the pollution-sensitive organisms are missing, a pollution 

problem is likely. For example, stonefly nymphs, which are very sensitive to most 

pollutants, cannot survive if a stream's dissolved oxygen falls below a certain level. If a 

biosurvey shows that no stoneflies are present in a stream that used to support them, a 

hypothesis might be that dissolved oxygen has fallen to a point that keeps stoneflies from 

reproducing or has killed them outright. 

This brings up both the advantage and disadvantage of the biosurvey. The advantage of 

the biosurvey is it tells us very clearly when the stream ecosystem is impaired due to 

pollution or habitat loss. It is not difficult to realize that a stream full of many kinds of 

crawling and swimming "critters" is healthier than one without much life. Different macros 

occupy different ecological niches within the aquatic environment, so diversity of species 

generally means a healthy, balanced ecosystem. The disadvantage of the biosurvey, on 

the other hand, is it cannot definitively tell us why certain types of creatures are present or 

absent. 

In the example presented above, the absence of stoneflies might indeed be due to low 

dissolved oxygen. But is the stream under-oxygenated because it flows too sluggishly, or 

because pollutants in the stream are damaging water quality by using up the oxygen? The 

absence of stoneflies might also be due to other pollutants discharged by factories or run 

off from farmland, water temperatures that are too high, habitat degradation such as excess 

sand or silt on the stream bottom has ruined stonefly sheltering areas, or other conditions. 

Thus a biosurvey should be accompanied by an assessment of habitat and water quality 

conditions in order to help explain biosurvey results. 

Utilize the Aquatic Macroinvertebrate Field Guide, found in the last few pages of this 

resource, to identify and learn about macroinvertebrates. 

ü Chemical Monitoring 

Chemical testing allows investigators to gather information about specific water quality 

characteristics at a specific time. A variety of water quality tests can be preformed in fresh 

water - including temperature, dissolved oxygen, pH, water clarity, ammonia, hardness, 

phosphorus, nitrogen, chlorine and alkalinity. The basic set oftests Adopt-A-Stream groups 

conduct include temperature, pH, settleable solids and dissolved oxygen. Advanced tests 

include alkalinity, conductivity, phosphate, ammonia and nitrate-nitrogen. These tests allow 

volunteers to check the "life signs" of their stream. 

Water temperature is important in determining which species may or may not be present 

in a stream system. Temperature affects feeding, reproduction, and the metabolism of 

aquatic animals. Not only do different species have different requirements, but also the 

optimum temperature may change for each stage of life. Fish larvae and eggs usually have 

narrower temperature requirements than adults. 



Oxygen is as important to the animals living in the water as it is to those living on land. 

Although oxygen does not dissolve very well in water, enough does to support a variety of 

living organisms. The solubility of oxygen in water depends on water temperature. Cool 

water can hold more oxygen than warmer water because gases are more soluble in cooler 

water. 

Dissolved oxygen (DO), oxygen dissolved in water, is critical to many forms of aquatic life 

and is measured in parts per million (ppm). One ppm is equal to one milligram of oxygen 

dissolved per one liter of water. Streams that have a high velocity and flow over rocky 

areas (mountain streams) tend to have higher DO levels because the water mixes with the 

air more frequently. Also, colder water holds more dissolved oxygen than warmer water. 

The amount of dissolved oxygen (DO) may vary significantly from one place to another and 

during times of the day in aquatic habitats for a variety of reasons. The highest 

concentration of DO occurs at sunset. After sunset, plants respire (use oxygen). The lowest 

concentration of DO occurs at sunrise. This is the most likely time that a fish kill will occur. 

DO levels of 5 to 6 ppm are usually required for growth and activity. DO levels below 3 ppm 

are stressful to most aquatic organisms and DO levels below 2 ppm will not support fish. 

However, nonpoint source pollution negatively impacts DO levels. Excessive nutrients from 

fertilizers, livestock wastes, leaking septic tanks, urban runoff and phosphate detergents 

entering the waterway via surface water runoff can accelerate plant growth or cause "algal 

blooms." Algal blooms can produce thick surface mats, turn the water green, stain boats, 

and may be toxic to animals that drink the water. When algae dies, oxygen is consumed by 

the decaying process which reduces the amount of oxygen remaining for use by aquatic 

animals. 

Heavy rains can also affect DO levels by washing a variety of suspended materials into 

waterways. As sedimentation increases, light transmission decreases through the water, 

thus decreasing plant photosynthesis, a key process for adding oxygen back into the water. 

Sediment can also cause the temperature of the water to increase as individual particles 

absorb heat thus decreasing the amount of oxygen water can hold. 

A pH test indicates the amount of hydrogen ions in the water. A pH range of 6.0 to 8.2 is 

optimal for most aquatic organisms. Rapidly growing algae or submerged aquatic 

vegetation that remove carbon dioxide (CO2) from the water during photosynthesis can 

increase pH levels. 

Phosphorous and nitrogen are nutrients found naturally in small amounts in streams. 

Unfortunately, many suburban and rural areas contribute excessive amounts of these 

nutrients to streams through fertilizer and livestock runoff. Too much phosphorous or 

nitrogen leads to algae blooms and fish kills. 

  



Key Point 2ðBiotic factors 
Learning Objectives: 

1. Understand the dependence of all organisms on one another and how energy and matter flow 
within an aquatic ecosystem. 

2. Understand the concept of carrying capacity for a given aquatic ecosystem and be able to discuss 
how competing water usage may affect the ability of the system to sustain wildlife, forestry and 
anthropogenic needs. 

3. Identify common, rare, threatened and endangered aquatic species as well as Aquatic Nuisance 
Species (ANS) through the use of a key. 

4. Know how to perform biological water quality monitoring tests and understand why these tests are 
used to assess and manage aquatic environments. 

 

Suggested Activities: 
¶ Describe the habitat needs of three specific aquatic animals, and compare and contrast the 

flow of energy in three different aquatic food chains. 

¶ Create a visual display of rare and endangered aquatic species. Explain how human 
activities are causing species imperilment and specify actions being taken to protect these 
species. 

¶ Conduct a biological stream assessment by collecting macro-invertebrates. Stream Data 
sheets (key point 1, resource 4) should be used to record and analyze information. Explain 
why these organisms are biological indicators that help us determine the health of a 
stream or waterway. 



Watershed Ecology. 
Understanding watershed structure and natural processes is crucial to grasping how human 
activities can degrade or improve the condition of a watershed, including its water quality, its 
fish and wildlife, its forests and other vegetation, and the quality of community life for people 
who live there. Knowing these watershed structural and functional characteristics and how 
people can affect them sets the stage for effective watershed management. 

 

The Physical Template 

Within the watershed, various forms of matter, including water, are in constant cyclic flow. 
Through these processes, an abiotic (nonliving) template of air, water, and soil is formed, upon 
which life can exist. The physical template of watershed structure is ultimately determined by 
varying combinations of climatic, geomorphic, and hydrologic processes. The three elements 
of the physical template and other factors also interact significantly in determining the structure 
and composition of a watershed and its biotic communities. 

ü Climatology, the science of climate and its causes, becomes important in understanding 
regional issues in watershed science. Though sometimes used synonymously with weather, 
climate is actually a dist inct term with important ecological ramifications. Climate refers to 
an aggregate of both average and extreme conditions of temperature, humidity, and 
precipitation (including type and amount), winds, and cloud cover, measured over an 
extended period of time. Weather refers to present day environmental conditions; current 
temperatures and meteorological events make up weather, not climate. Long-term weather 
trends establish averages which become climatic regimes. Climate heavily influences 
watershed vegetation communities, streamflow magnitude and timing1 water temperature, 
and many other key watershed characteristics. 

ü Geology is defined as the science centered around the study of various earth structures, 
processes, compositions, characteristics, and histories. Geomorphology, however, refers 
specifically to the study of t he landforms on the earth and the processes that change them 
over time. Fluvial geomorphology, referring to structure and dynamics of stream and river 
corridors, is especially important to understanding the formation and alteration of the stream 
or river channel as well as the flood plain and associated upland t ransitional zone; this is a 
critical discipline for effective, long-term watershed management. 

ü Hydrology is the science of water, as it relates to the hydrologic cycle. More specifically, it 
is the science of water in all its forms (liquid, gas, and solid) on, in and over the land areas 
of the earth, including its distribution, circulation and behavior, its chemical and physical 
properties, together with the reaction of the environment (including all living things) on water 
itself. One of the life-sustaining cycles we are most familiar with is the hydrologic cycle. This 
cycle is a natural, solar-driven process of evaporation, condensation, precipitation, and 
runoff.  



The Biological Setting 
Concepts of basic ecology provide us with the vocabulary to understand and describe the 
biological setting of watersheds and the interaction of biotic components with the physical 
template. It is important to have a working knowledge of the basic ecological terms and 
concepts. 
ü Basic Ecological Terms 

¶ Species (organism level). An organism which has certain characteristics of a 
given population and is potentially capable of breeding with the same population 
defines a member of a species. This definition does not apply to asexually 
reproducing forms of life such as Monera, Protista, etc. Species can be 
considered the lowest (most specific) area of biological classification, but lower 
groupings are sometimes employed (e.g., subspecies, variety, race).  

¶ Population. This term applies to organisms of the same species which inhabit a 
specific area. 

¶ Community. A community is an aggregate of populations of different plant and 
animal species occurring within a given area. 

¶ Habitat. A habitat is an area where a specific animal or plant is capable of living 
and growing; usually characterized by physical features, or the presence of 
certain animals or plants. 

¶ Niche. This term applies to an organism's physical location and, most 
importantly, functional role (much like an occupation; what the organism 
specifically does) within an ecosystem. 

¶ Ecosystem. As defined previously, a functioning natural unit with interacting 
biotic and a biotic components in a system whose boundaries are determined by 
the cycles and flux of energy, materials and organisms. 

¶ Ecotone. An ecotone is a boundary ecosystem, specifically the ecosystem which 
forms as a transition between two adjacent systems. It may possess 
characteristics of both bordering ecosystems, while developing a suite of its own 
characteristics. Examples: Riparian zones, coastal forests. 

¶ Biosphere. This is the surface zone of the planet earth, extending from within 
the earth's crust up into the atmosphere, within which all known life forms exist. 

 
Example: Ecological Levels 

Species: Cervus elaphus (Roosevelt elk) 
Population: The sum total of all the elk in a given herd (e.g., migrating through the 
Greater Yellowstone Ecosystem) 
Community: The elk, and other populations associated with them (e.g., wolf, grizzly, 

bison 

Habitat: The place where these elk live -- the open t imberlands of Yellowstone NP 

Niche: Primarily browses on shrubs, broad leafs, and new growth of conifers 

Ecosystem: Yellowstone NP and surrounding forest, shrubland and grassland, 

extending to the limit of the elk range (ifwe defined from the elk's perspective)   



ü Ecological Concepts 

¶ Life History Strategies. The term life-history strategy in ecology refers to the 

selective processes involved in achieving fitness by certain organisms. Such 

processes involve, among other things, fecundity and survivorship; physiological 

adaptations; modes of reproduction 

¶ Carrying capacity (K). This term refers to the level at which the population 

growth of a species ceases. Theoretically, the term implies that a population at K 

has reached equilibrium with its environment, from a resource allocation 

standpoint, or the maximum number of individuals the current environment can 

support. 

¶ Competition. This term refers to two or more species or organisms which are 

engaged in an active or passive struggle for resources. lntraspecific competition 

refers to competition within a species (e.g., two chipmunks quarreling over a 

cache of acorns). lnterspecific competition refers to competition between species 

(e.g., a female chum salmon fighting with a female pink salmon for access to a 

spawning redd). 

¶ Symbiosis. Literally means "living together." This term has several 

subcategories. 

o Mutualism refers to an interaction between two organisms in which both 

organisms benefit (e.g., mycorrhizae).  

o Commensalism, another form of symbiosis, implies a relationship where one 

species benefits, while the other experiences no effect (e.g., Spanish moss).  

o Amensalism is a situation where one party is negatively affected while the 

other experiences no effect (examples are difficult to find in nature).  

o Parasitism and predation are symbiotic types whereby one species benefits 

and one is adversely affected. 

 

ü Soil Ecology 

Soil is a complex mixture of inorganic materials (sand, silt, and clay), decaying organic 

matter, water, air, and a great array of organisms. Because of its abundance of living 

organisms, soil is discussed here along with other "biological setting" components, even 

though soil is sometimes incorrectly described as physical, non-living. Soil has three basic 

properties which aid in its identification and taxonomy: color, structure, and texture (see 

Definitions below). Soils often vary substantially from place to place within a watershed, 

and among different watersheds. To describe their differences, soils are classified into soil 

orders. Knowing the basic differences among types of soils can be useful for understanding 

why they vary in their suitability for supporting different land uses and ecological 

communities. 

ü Definitions. 

¶ Color refers to the soil's appearance. It is the first and most obvious clue in 

visually determining mineral composition, chemical make-up, relative amount of 

organic matter, and water content. For example, a soil which is red/maroon in 



color may indicate the presence of ferric oxides; the soil in this case is actually 

"rusting," in lay terms. 

¶ Structure refers to the way in which a soil will arrange itself in "peds" (large 

clumps or blocks). A soil's structure may be "structureless/granular" (beach sand) 

or "platy" (large blocks of soil which have been crushed, like peds which may 

form under the migration t rail of a large animal). 

¶ Texture refers to the relative proportions of sand, silt, and clay, the three main 

particle sizes found as varying percentages of most soils. 

 

ü Food Webs and Trophic Ecology 

Terrestrial and aquatic ecosystems have 

characteristic trophic (feeding) patterns that 

organize the flow of energy into, through, and out 

of the watershed ecosystem and support the 

growth of organisms within the system. Food 

"chains" are rarely linear, hence the term food 

web, often used to describe the trophic 

interactions of organisms within an ecosystem 

(Figure 4).  

Within a food web (Figure 5), organisms interact 

and, in the process, may directly or indirectly 

affect other organisms. The example pictured is 

a simple, aquatic-only food web; when the whole 

watershed's terrestrial components are also 

considered, food webs can be very complex with 

numerous interactions among land-based and 

water-based species. Food webs also often 

recognize the different roles species play by 

terming them producers (organisms that 

generate food, primarily through 

photosynthesis), consumers (first-order 

consumers are vegetarians, second-order 

consumers feed on first-order, etc.), and 

decomposers (which feed on dead tissue and return nutrients and energy to other parts 

of the cycle), among other terms. 

Species with especially far-reaching effects on an ecosystem are called keystone 

species. These species differ from dominant (i.e. abundant) species in that their effects 

are much larger than would be predicted from their abundance.They have a 

disproportionate effect on the composition of communities and ecosystem function. A 

keystone species' presence is often the lone reason for the presence of other organisms 

and/or the maintenance of unique ecological areas. The effects of keystone species are 

Figure 4 Ecosystems commonly have both 

inputs and outputs of energy, materials and 

organisms. 



context-dependent, meaning that a species is not always a dominant controlling agent 

across its entire range, through all stages of its life cycle, or at all times of the year. The 

American Alligator is an example: it is not the most common species in southern 

swamplands and bayous, but it is an important predator that also modifies aquatic 

habitat structure by creating 'gator wallows'. 

Indicator species are species whose presence or absence indicates an environmental 

change. 19th-Century coal miners used to keep a caged canary with them in the mine 

shaft; the especially-sensitive canary would signal the presence of dangerous, 

flammable gases by ceasing to sing, and dying. The ever-cognizant miners could 

evacuate upon noticing the death of the pet bird. This is the concept behind an indicator 

species: they are modern day canaries-in-a-coal mine. Watershed "canaries in a coal 

mine" include several types of aquatic invertebrates that are labeled "intolerant" of poor 

water quality, and amphibians such as frogs and salamanders. 

ü Biodiversity (Genetic, Population, Species, Habitat) 

¶ Biodiversity is a contemporary term which has several subcategories. In 

general, the term applies to the relative amount of biological elements existing 

within a given area. 

¶ Genetic biodiversity refers to the total number of genotypes available within a 

given population. For example, whooping cranes were driven to the brink of 

extinction; at one point the total global population stood at 14 individuals. Today, 

the population has returned to a more comfortable level. Still, the current 

population is limited to the genetic material which was contained within those 14 

birds, and it will take eons and many, many generations for genetic diversity to 

build up again. Populations with low genetic biodiversity may be more 

susceptible to certain diseases given the limited amount of genetic resistance 

potentially available. A "genetic bottleneck" refers to the loss of valuable survival 

traits from a population that has shrunk to a low level and then re-expanded. 

¶ Population biodiversity refers to the total amount of population a given species 

has, worldwide. For instance, Pacific salmon are anadromous, meaning that they 

are born in freshwater, spend their adult life in the ocean, and then return to the 

fresh water from whence they originally came to reproduce and then expire. 

These fish rarely stray to other river systems, migrating in distinct populations 

from river to sea and then back to the same river. While the total number of pink 

salmon may be "healthy," given the number offish surviving in Alaska, population 

biodiversity may suffer if several rivers in southern British Columbia suddenly 

experience the loss of the runs of these fish. 

¶ Species biodiversity is the total number of species found within a given area. In 

natural systems, as an example, species biodiversity is considered quite high in 

the tropical regions of the world, while the number may be quite moderate in 

temperate zones. In the woodlands of Pennsylvania, for instance, it is not 

uncommon to count on one hand the total number of tree species within an acre 



of land. In the tropics, the number of t ree species found within an acre of land 

may be over 250. 

 

¶ Habitat or ecological biodiversity refers to the number of different habitats or 

ecotypes found within a given region. In the Pacific Northwest, industrial forestry 

has reduced entire landscapes to monocultural tree plantations with a simple, 

homogeneous forest structure. On the other hand, in the region's natural systems 

there exists a much higher level of ecological diversity, given the various natural 

processes (e.g., wind, fire, flooding, disease, succession, competition) which 

create a mosaic of habitat types. 

The Natural Systems Concept 
Thus far, you have been introduced to the physical template from which watersheds develop, 
and the biological setting which then becomes established upon and integrated with the 
physical template. The interactions and natural processes that link these abiotic and biotic 
components of watersheds (note here the similarity to the definition of cosystem) exhibit what 
can be called system-like behavior. 
 
The dictionary defines a system as "a group of interrelated, interacting, or interdependent 
constituents forming a complex whole." We have seen that natural systems such as 
watersheds have interacting components that together perform work (e.g., transport sediment, 
water, and energy) and generate products (e.g., form new physical structures like floodplains 
or channels, and form biological communities and new energy outputs). In a natural system, 
interactions make the whole greater than the sum of its parts --each of the physical and 
biological components of watersheds if they existed separately would not be capable of 
generating the work and the products that the intact watershed system can generate. 
 
The natural systems concept is key to watershed management because it emphasizes that a 
watershed, as a natural system, is more than just a variety of natural resources coincidentally 
occurring in one place. Severely degraded wat ersheds may have lost several of their 
components and functions and provide fewer benefits to human and natural communities as a 
result. Thus it is clear that recognizing the natural system and working toward protecting the 
system's critical components and functions are key to sustainable watershed management. 
 
Other ecological concepts and theories help explain the idea of natural systems. These include 
spatial and temporal scale, disturbance theory, and the river continuum concept, all discussed 
below. 

 
ü Spatial and Temporal Scale 

Spatial and temporal scale are important parts of the natural systems concept. The 
spatial scale at which a system operates is an important factor in recognizing the 
system's key components, and in turn, the kind of management practices that may be 
appropriate. In general, systems at a larger spatial scale to have natural processes that 
operate on longer time frames. 
 
 



 
ü Disturbance Theory. 

Whereas natural systems have a certain degree of organization and order, they also 
exhibit constant change and disturbance at varying levels. Disturbance ecology often 
centers around a concept known as the intermediate disturbance hypothesis. This 
hypothesis explains why diversity is often highest in systems with intermediate levels of 
disturbance. Few species are capable of colonizing an area that either experiences high 
frequency or intensity of disturbance (e.g. frequent or intense flooding). In areas of low 
or infrequent disturbance, a small number of species optimally suited to local conditions 
establish themselves and outcompete other potential colonizers, so here too diversity 
tends to be lower.  
 
The importance of natural disturbances in shaping landscapes and influencing 

ecosystems is well-documented in the scientific literature. Ecologists generally 

distinguish between relatively small, frequent disturbances and large, infrequent, so-

called "catastrophic" disturbances. Much has been recently learned of the former, while 

a relative paucity of data exists on the latter. Examples of small, frequent disturbances 

include seasonal floods, periodic grassland fires, and mild to moderate storms which 

periodically influence the landscape (e.g., wind-created forest canopy gaps). Examples 

of the large, infrequent disturbances 

include volcanic eruptions, hurricanes, 

and major wildfires. Recent examples of 

these include the 1988 Yellowstone fires 

(which charred over 1,500 mi2 of 

predominantly forested National Park 

land), hurricanes Hugo and Mitch (which 

flattened trees and created landslides in 

Puerto Rico and Honduras, 

respectively), and Mount St. Helens, 

which erupted in May 1980 and affected 

more than 250 mi2 within the affected 

landscape, including areas of pyroclastic 

flow, debris avalanche, mudflow, 

blowdown, singe, and ash deposition. 

 

ü The River Continuum Concept. 

This concept is a generalization of the 

physical and biological patterns often 

seen in different zones of rivers from 

source to mouth. Conceptually, from 

headwaters to outlet, there exists in a 

river a gradient of physical conditions - 

width, depth, velocity, flow volume, 

temperature, and other factors. 



Geomorphologists have shown that lotic flowing water) systems show patterns, or 

adjustments, in the relationship of a number of physical characteristics (e.g., stream 

width, depth, velocity, bedload) along their entire length. Biotic characteristics in each 

zone reflect the influence of the physical influences they exist under; in other words, 

similar natural systems often develop under similar conditions. And as we move from 

the headwaters to a downstream reach, we see a continuum of physical conditions and 

a subsequent response in expected biota within these aquatic systems. 

 

 

Colorado common, rare, threatened and endangered aquatic species 

Go to https://cpw.state.co.us/learn/Pages/SpeciesProfiles.aspx to find up to date information 

about Colorado Aquatic species. 

 

Introduced Species 

Aquatic Nuisance Species (ANS) are nonindigenous species that threaten the diversity or 

abundance of native species, the ecological stability of infested waters, or any commercial, 

agricultural, aquacultural or recreational activities dependent on such waters. ANS include 

nonindigenous species that may occur within inland, estuarine or marine waters and that 

presently or potentially threaten ecological processes and natural resources. In addition to the 

severe and permanent damage to the habitats they invade, ANS also adversely affect 

individuals by hindering economic development, preventing recreational and commercial 

activities, decreasing the aesthetic value of nature, and serving as vectors of human disease. 

Invasive species are any species or other viable biological material (including its seeds, eggs, 

spores) that is transported into an ecosystem beyond its historic range, either intentionally or 

accidentally, and reproduces and spreads rapidly into new locations, causing economic or 

environmental harm or harm to human health. 

ANS species can arrive through many different pathways or vectors, but most species 

considered invasive arrived as a direct result of human activity. It is often impossible to identify 

how an organism was introduced, which can make preventing or controlling the introduction of 

harmful species even more challenging. 

¶ Environmental Effects 

The impacts of invasive species are second only to habitat destruction as a cause of 

global biodiversity loss. In fact, introduced species are a greater threat to native 

biodiversity than pollution, harvest, and disease combined. ANS cause severe and 

permanent damage to the habitats they invade by reducing the abundance of native 

species and altering ecosystem processes. They impact native species by preying upon 

them, competing with them for food and space, interbreeding with them, or introducing 

harmful pathogens and parasites. ANS may also alter normal functioning of the 

ecosystem by altering fire regimes, hydrology, nutrient cycling and productivity.  

https://cpw.state.co.us/learn/Pages/SpeciesProfiles.aspx


 

¶ Economic Impacts 

ANS are increasingly seen as a threat not only to biodiversity and ecosystem functioning, 

but also to economic development. They reduce production of agricultural crops, forests 

and fisheries, decrease water availability, block transport routes, choke irrigation canals, 

foul industrial pipelines impeding hydroelectric facilities, degrade water quality and fish 

and wildlife habitat, accelerate filling of lakes and reservoirs, and decrease property 

values. The costs to control and eradicate invasive species in the U.S. alone amount to 

more than $137 billion annually. This number is likely as underestimate as it does not 

consider ecosystem health or the aesthetic value of nature, which can influence tourism 

and recreational revenue. Estimating the economic impacts associated with ANS is 

further confounded as monetary values cannot be given to extinction of species, loss in 

biodiversity, and loss of ecosystem services.  

 

 

¶ Public Health 

Introduced birds, rodents and insects can serve as vectors and reservoirs of human 

diseases. Throughout recorded history epidemics of human diseases such as malaria, 

yellow fever, typhus, and bubonic plague have been associated with these vectors. 

More recently, West Nile Virus was introduced into the United States through an infected 

bird or mosquito. Waterborne disease agents, such as Cholera bacteria (Vibrio cholerae), 

and causative agents of harmful algal blooms are often transported in the ballast 

water of ships. Cholera strains were also found in oyster and fin-fish samples, resulting in 

a public health advisory to avoid handling or eating raw oysters or seafood. Further, the 

effect of ANS on public health extends beyond the immediate effects of disease ·and 

parasites as chemicals used to control invasive species can pollute soil and water. Other 

ANS, such as invasive mussels, may increase human and wildlife exposure to organic 

pollutants such as PCB's and PAHs as these toxins accumulate in there tissues and 

are passed up the food chain. 

 

 

Go to https://cpw.state.co.us/aboutus/Pages/ISP-ANS.aspx to find up to date info about 

Colorado Invasive and Aquatic Nuisance Species, 

 

https://cpw.state.co.us/aboutus/Pages/ISP-ANS.aspx


Stream Monitoring 

ü Biological Monitoring 

Biological monitoring involves identifying and counting macroinvertebrates. The purpose of 

biological monitoring is to quickly assess both water quality and habitat. The abundance 

and diversity of macroinvertebrates found is an indication of overall stream quality.  

Macroinvertebrates include aquatic insects, crustaceans, worms, and mollusks that live in 

various stream habitats and derive their oxygen from water. They are used as indicators of 

stream quality. These insects and crustaceans are impacted by all the stresses that occur 

in a stream environment, both man-made and naturally occurring. 

Aquatic macroinvertebrates are good indicators of stream quality because: 

Ʒ They are affected by the physical, chemical and biological conditions of the stream. 

Ʒ They can't escape pollution and show effects of short and long-term pollution events. 

Ʒ They are relatively long lived. The life cycles of some sensitive macroinvertebrates 

range from one to several years. 

Ʒ They are an important part of the food web, representing a broad range of trophic 

levels. 

Ʒ They are abundant in most streams. Some 1st and 2nd order streams may lack fish, 

but they generally have macroinvertebrates. 

Ʒ They are a food source for many recreationally and commercially important fish. 

Ʒ They are relatively easy to collect and identify with inexpensive materials. 

 

The basic principle behind the study of macroinvertebrates is that some species are more 

sensitive to pollution than others. Therefore, if a stream site is inhabited by organisms that 

can tolerate pollution, and the pollution-sensitive organisms are missing, a pollution 

problem is likely. For example, stonefly nymphs, which are very sensitive to most 

pollutants, cannot survive if a stream's dissolved oxygen falls below a certain level. If a 

biosurvey shows that no stoneflies are present in a stream that used to support them, a 

hypothesis might be that dissolved oxygen has fallen to a point that keeps stoneflies from 

reproducing or has killed them outright. 

This brings up both the advantage and disadvantage of the biosurvey. The advantage of 

the biosurvey is it tells us very clearly when the stream ecosystem is impaired due to 

pollution or habitat loss. It is not difficult to realize that a stream full of many kinds of 

crawling and swimming "critters" is healthier than one without much life. Different macros 

occupy different ecological niches within the aquatic environment, so diversity of species 

generally means a healthy, balanced ecosystem. The disadvantage of the biosurvey, on 

the other hand, is it cannot definitively tell us why certain types of creatures are present or 

absent. 

In the example presented above, the absence of stoneflies might indeed be due to low 

dissolved oxygen. But is the stream under-oxygenated because it flows too sluggishly, or 



because pollutants in the stream are damaging water quality by using up the oxygen? The 

absence of stoneflies might also be due to other pollutants discharged by factories or run 

off from farmland, water temperatures that are too high, habitat degradation such as excess 

sand or silt on the stream bottom has ruined stonefly sheltering areas, or other conditions. 

Thus a biosurvey should be accompanied by an assessment of habitat and water quality 

conditions in order to help explain biosurvey results. 

Utilize the Aquatic Macroinvertebrate Field Guide, found in the last few pages of this 

resource, to identify and learn about macroinvertebrates. 

 

 

 

  



Key Point 3ðAquatic Environments 
Learning Objectives: 

1. Identify aquatic and wetland environments based on their physical, chemical and biological 
characteristics. 

2. Know characteristics of different types of aquifers and understand historical trends and threats to 
groundwater quantity and quality. 

3. Understand societal benefits and ecological functions of wetlands. 

4. Understand the functions and values of riparian zones and be able to identify riparian zone areas. 
 

Suggested Activities: 
¶ Describe the physical, chemical and biological characteristics of a stream, river, pond, lake 

and wetland. 

¶ Explain how different types of aquifers are indicators of water quantity and water quality. 
Describe how subsidence and salt water intrusion are related to the falling water table in 
many aquifers. 

¶ Describe three functions of wetlands and explain how these functions are met in the 
absence of wetlands. 

¶ Describe three functions of riparian zones and explain how the removal of or damage to 
the riparian zone would affect water quality and specific aquatic food chains. 



Wetlands 

Wetlands are among the most productive ecosystems in the world, comparable to rain forests 

and coral reefs. They also are a source of substantial biodiversity in supporting numerous 

species from all of the major groups of organisms - from microbes to mammals. Physical and 

chemical features such as climate, topography, geology, nutrients, and hydrology help to 

determine the plants and animals that inhabit various wetlands. The physical, chemical, and 

biological interactions within wetlands are often referred to as wetland functions. These 

functions include surface and subsurface water storage, nutrient cycling, particulate removal, 

maintenance of plant and animal communities, water filtration or purification, and groundwater 

recharge. Similarly, the characteristics of wetlands that are beneficial to society are called 

wetland values. Some examples of wetland values include reduced damage from flooding, 

water quality improvement, and fish and wildlife habitat enhancement. 

It is important to maintain and restore wetland functions and values because wetlands 

contribute to the overall health of the environment. 

ü Types of Wetlands 

Not all wetlands are the same? Think again. Each wetland differs due to variations in soils, 

landscape, climate, water regime and chemistry, vegetation, and human disturbance. Below 

are brief descriptions of the major types of wetlands found in the United States organized into 

four general categories: marshes, swamps, bogs, and fens. 

¶ Marshes 

Marshes are periodically saturated, flooded, or ponded with water and characterized by 

herbaceous (non-woody) vegetation adapted to wet soil conditions. Marshes are further 

characterized as tidal marshes and non-tidal marshes. 

V Tidal 

Tidal (coastal) marshes occur along coastlines and are influenced by tides and often 

by freshwater from runoff, rivers, or ground water. Salt marshes are the most 

prevalent types of tidal marshes and are characterized by salt tolerant plants such as 

smooth cordgrass, saltgrass, and glasswort. Salt marshes have one of the highest 

rates of primary productivity associated with wetland ecosystems because of the 

inflow of nutrients and organics from surface and/or tidal water. Tidal freshwater 

marshes are located upstream of estuaries. Tides influence water levels but the water 

is fresh. The lack of salt stress allows a greater diversity of plants to thrive. Cattail, 

wild rice, pickerelweed, and arrowhead are common and help support a large and 

diverse range of bird and fish species, among other wildlife. 

 

V Nontidal 

Nontidal (inland) marshes are dominated by herbaceous plants and frequently occur 

in poorly drained depressions, floodplains, and shallow water areas along the edges 

of lakes and rivers. Major regions of the United States that support inland marshes 



include the Great Lakes coastal marshes, the prairie pothole region, and the Florida 

Everglades. 

Ʒ Freshwater marshes are characterized by periodic or permanent shallow 

water, little or no peat deposition, and mineral soils. They typically derive most of 

their water from surface waters, including floodwater and runoff, but do receive 

ground water inputs. 

Ʒ Wet meadows commonly occur in poorly drained areas such as shallow lake 

basins, low-lying depressions, and the land between shallow marshes and 

upland areas. Precipitation serves as their primary water supply, so they are 

often dry in the summer. 

Ʒ Wet prairies are similar to wet meadows but remain saturated longer. Wet 

prairies may receive water from intermittent streams as well as ground water and 

precipitation. 

Ʒ Prairie potholes develop when snowmelt and rain fill the pockmarks left on 

the landscape by glaciers. Ground water input is also important. 

Ʒ Playas are small basins that collect rainfall and runoff from the surrounding 

land. These low-lying areas are found in the Southern High Plains of the United 

States. 

Ʒ Vernal pools have either bedrock or a hard clay layer in the soil that helps 

keep water in the pool. They are covered by shallow water for variable periods 

from winter to spring, but may be completely dry for most of the summer and fall. 

Many vernal pools fill with water in fall or spring. 

 

¶ Swamps 

Swamps are fed primarily by surface water inputs and are dominated by trees and 

shrubs. Swamps occur in either freshwater or saltwater floodplains. They are 

characterized by very wet soils during the growing season and standing water during 

certain times of the year. Well-known swamps include Georgia's Okefenokee Swamp and 

Virginia's Great Dismal Swamp. Swamps are classified as forested, shrub, or mangrove. 

 

Ʒ Forested Swamps are found in broad floodplains of the northeast, southeast, 

and south-central United States and receive floodwater from nearby rivers and 

streams. Common deciduous trees found in these areas include bald cypress, 

water tupelo, swamp white oak, and red maple. 

Ʒ Shrub Swamps are similar to forested swamps except that shrubby species 

like buttonbush and swamp rose dominate. 

Ʒ Mangrove Swamps are coastal wetlands characterized by salt-tolerant trees, 

shrubs, and other plants growing in brackish to saline tidal waters. These tropical 

and subtropical systems have a North American range that extends from the 

southern tip of Florida along the Gulf Coast to Texas. 

Ʒ Bogs are freshwater wetlands characterized by spongy peat deposits, a 

growth of evergreen trees and shrubs, and a floor covered by a thick carpet of 



sphagnum moss. These systems, whose only water source is rainwater, are 

usually found in glaciated areas of the northern United States. One type of bog, 

called a pocosin, is found only in the Southeastern Coastal Plain. 

Ʒ Fens are ground water-fed peat forming wetlands covered by grasses, 

sedges, reeds, and wildflowers. Willow and birch are also common. Fens, like 

bogs, tend to occur in glaciated areas of the northern United States. 

 

ü Functions and Values 

 

Wetland functions include water quality improvement, floodwater storage, fish and wildlife 

habitat, aesthetics, and biological productivity. The value of a wetland is an estimate of the 

importance or worth of one or more of its functions to society. For example, a value can be 

determined by the revenue generated from the sale of fish that depend on the wetland, by the 

tourist dollars associated with the wetland, or by public support for protecting fish and wildlife. 

 

Although large-scale benefits of functions can be valued, determining the value of individual 

wetlands is difficult because they differ widely and do not all perform the same functions or 

perform functions equally well. Decision makers must understand that impacts on 

wetland functions can eliminate or diminish the values of wetlands. 

 

¶ Water storage 

Wetlands function like natural tubs or sponges, storing water and slowly releasing it. 

This process slows the water's momentum and erosive potential, reduces flood heights, 

and allows for ground water recharge, which contributes to base flow to surface water 

systems during dry periods. Although a small wetland might not store much water, a 

network of many small wetlands can store an enormous amount of water. The ability of 

wetlands to store floodwaters reduces the risk of costly property damage and loss of 

life-benefits that have economic value to us. 

 

¶ Water filtration. 

After being slowed by a wetland, water moves around plants, allowing the suspended 

sediment to drop out and settle to the wetland floor. Nutrients from fertilizer application, 

manure, leaking septic tanks, and municipal sewage that are dissolved in the water are 

often absorbed by plant roots and microorganisms in the soil. Other pollutants stick to 

soil particles. In many cases, this filtration process removes much of the water's nutrient 

and pollutant load by the time it leaves a wetland. Some types of wetlands are so good 

at this filtration function that environmental managers construct similar artificial wetlands 

to treat storm water and wastewater. 

 

Wetlands are considered valuable because they clean the water, recharge water 

supplies, reduce flood risks, and provide fish and wildlife habitat. In addition, wetlands 

provide recreational opportunities, aesthetic benefits, sites for research and education, 

and commercial fishery benefits. 



¶ Biological productivity.  

Wetlands are some of the most biologically productive natural ecosystems in the world, 

comparable to tropical rain forests and coral reefs in their productivity and the diversity 

of species they support. Abundant vegetation and shallow water provide diverse 

habitats for fish and wildlife. Aquatic plant life flourishes in the nutrient-rich environment, 

and energy converted by the plants is passed up the food chain to fish, waterfowl, and 

other wildlife and to us as well. This function supports valuable commercial fish and 

shellfish industries. 

 

ü The State of Our Wetlands 

The National Audubon Society notes that bird populations continue to decrease as 

wetlands are destroyed. In the past 15 years alone, the continental duck breeding 

population fell from 45 million to 31 million birds, a decline of 31 percent. The number of 

birds migrating over the Gulf of Mexico, which rely on coastal wetlands as staging areas 

(especially in Louisiana and Mississippi), has decreased by one-half since the mid-1960s. 

Approximately 100 million wetland acres remain in the 48 contiguous states, but they 

continue to be lost at a rate of about 60,000 acres annually. Draining wetlands for 

agricultural purposes is significant, but declining, while development pressure is emerging 

as the largest cause of wetland loss. Unfortunately, many remaining wetlands are in poor 

condition and many created wetlands fail to replace the diverse plant and animal 

communities of those destroyed. When a wetland functions properly, it provides water 

quality protection, fish and wildlife habitat, natural floodwater storage, and reduction in the 

erosive potential of surface water. A degraded wetland is less able to effectively perform 

these functions. For this reason, wetland degradation is as big a problem as outright 

wetland loss, though often more difficult to identify and quantify. 

 

ü What Is Adversely Affecting Our Wetlands? 

 

Human activities cause wetland degradation and loss by changing water quality, quantity, and 

flow rates; increasing pollutant inputs; and changing species composition as a result of 

disturbance and the introduction of nonnative species. Common human activities that 

cause degradation include the following: 

¶ Hydrologic Alterations. A wetland's characteristics evolve when hydrologic conditions 

cause the water table to saturate or inundate the soil for a certain amount of time each 

year. Any change in hydrology can significantly alter the soil chemistry and plant and 

animal communities. Common hydrologic alterations in wetland areas include: 

Ʒ Deposition of fill material for development. 

Ʒ Drainage for development, farming, and mosquito control. 

Ʒ Dredging and stream channelization for navigation, development, and flood 

control. 

Ʒ Diking and damming to form ponds and lakes. 

Ʒ Diversion of flow to or from wetlands. 



Ʒ Addition of impervious surfaces in the watershed, thereby increasing water and 

pollutant runoff into wetlands. 

 

¶ Pollution Inputs. Although wetlands are capable of absorbing pollutants from the 

surface water, there is a limit to their capacity to do so. The primary pollutants causing 

wet-land degradation are sediment, fertilizer, human sewage, animal waste, road salts, 

pesticides, heavy metals, and selenium. Pollutants can originate from many sources, 

including: 

Ʒ Runoff from urban, agricultural, silvicultural, and mining areas. 

Ʒ Air pollution from cars, factories, and power plants. 

Ʒ Old landfills and dumps that leak toxic substances. 

Ʒ Marinas, where boats increase turbidity and release pollutants. 

 

¶ Vegetation Damage. Wetland plants are susceptible to degradation if subjected to 

hydrological changes and pollution inputs. Other activities that can impair wetland 

vegetation include: 

Ʒ Grazing by domestic animals. 

Ʒ Introduction of nonnative plants that compete with natives. 

Ʒ Removal of vegetation for peat mining. 

 

 

Groundwater 

 

Some water underlies the Earth's surface almost everywhere, beneath hills, mountains, 

plains, and deserts. It is not always accessible, or fresh enough for use without treatment, 

and it's sometimes difficult to locate or to measure and describe. This water may occur 

close to the land surface, as in a marsh, or it may lie many hundreds of feet below the 

surface, as in some arid areas of the West. Water at very shallow depths might be just a few 

hours old; at moderate depth, it may be 100 years old; and at great depth or after having 

flowed long distances from places of entry, water may be several thousands of years old. 

 

Ground water is stored in, and moves slowly through, moderately to highly permeable rocks 

called aquifers. The word aquifer comes from the two Latin words, aqua, or water, and ferre, 

to bear or carry. Aquifers literally carry water underground. An aquifer may be a layer of 

gravel or sand, a layer of sandstone or cavernous limestone, a rubbly top or base of lava 

flows, or even a large body of massive rock, such as fractured granite, that has sizable 

openings. In terms of storage at any one instant in time, ground water is the largest single 

supply of fresh water available for use by humans. 

 

Ground water has been known to humans for thousands of years. Many ancient chronicles 

show that humans have long known that much water is contained underground, but it is only 

within recent decades that scientists and engineers have learned to estimate how much 



ground water is stored underground and have begun to document its vast potential for use. 

An estimated one million cubic miles of the world's ground water is stored within one-half 

mile of the land surface. Only a fraction of this reservoir of ground water, however, can 

be practicably tapped and made available on a perennial basis through wells and springs. 

The amount of ground water in storage is more than 30 times greater than the nearly 30,000 

cubic-miles volume in all the fresh-water lakes and more than the 300 cubic miles of water 

in all the world's streams at any given time. 

 

Water-use specialists at the U.S. Geological Survey report that about 341 billion gallons of 

freshwater a day was used in the United States in 1995 for public supplies, rural domestic 

and livestock uses, irrigation, industrial and mining uses, and for thermoelectric power. 

About 22 percent of this water, or 76.4 billion gallons a day, was ground water that was 

obtained from wells and springs. The use of ground water in seven States - Arkansas, 

Florida, Hawaii, Kansas, Mississippi, Nebraska, and Oklahoma - exceeded the use of 

surface water. Five western States - California, Idaho, Kansas, Nebraska, and Texas - used 

about 35 billion gallons per day of ground water. This average daily water use of 35 billion 

gallons accounts for about 46 percent of the total volume of ground water used in the Nation 

during 1995. The use of ground water increased steadily from 1950 to 1980 and generally 

has decreased since 1980. About 51 percent of the Nation's population depends on ground 

water for domestic uses.  
 

The Nation's total supply of water is large. Average annual streamflow in the conterminous 

(48) States is about 1,200 billion gallons a day or about three times the present water use. 

Much of the flow is sustained by discharge from ground-water reservoirs. The distribution of 

water in both space and time is irregular, and some areas already face serious regional 

water shortages because of using some water faster than it is naturally replenished. Further 

development of energy, mineral, and agricultural resources is dependent largely upon 

adequate water supplies. Therefore, ground-water resources will become even more 

valuable in the years ahead as the Nation copes with growing natural-resource and 

environmental problems and increased water demands. 

 
How Ground Water Occurs 

 

It is difficult to visualize water underground. Some people believe that ground water collects 

in underground lakes or flows in underground rivers. In fact, ground water is simply the 

subsurface water that fully saturates pores or cracks in soils and rocks. Ground water is 

replenished by precipitation and, depending on the local climate and geology, is unevenly 

distributed in both quantity and quality. When rain falls or snow melts, some of the water 

evaporates, some is transpired by plants, some flows overland and collects in streams, and 

some infiltrates into the pores or cracks of the soil and rocks. The first water that enters the 

soil replaces water that has been evaporated or used by plants during a preceding dry 

period. 

 



Between the land surface and the aquifer water is a zone that hydrologists call the 

unsaturated zone. In this unsaturated zone, there usually is at least a little water, mostly in 

smaller openings of the soil and rock; the larger openings usually contain air instead of 

water. After a significant rain, the zone may be almost saturated; after a long dry spell, it 

may be almost dry. Some water is held in the unsaturated zone by molecular attraction, and 

it will not flow toward or enter a well. Similar forces hold enough water in a wet towel to 

make it feel damp after it has stopped dripping.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

After the water requirements for plant and soil are satisfied, any excess water will infiltrate to 

the water table - the top of the zone below which the openings in rocks are saturated. Below 

the water table, all the openings in the rocks are full of water that moves through the aquifer 

to streams, springs, or wells from which water is being withdrawn. Natural refilling of 

aquifers at depth is a slow process because ground water moves slowly through the 

unsaturated zone and the aquifer. The rate of recharge is also an important consideration. It 

has been estimated, for example, that if the aquifer that underlies the High Plains of Texas 

and New Mexico - an area of slight precipitation - was emptied, it would take centuries to 

refill the aquifer at the present small rate of replenishment. In contrast, a shallow aquifer in 

an area of substantial precipitation may be replenished almost immediately. 

 

Aquifers can be replenished artificially. For example, large volumes of ground water used for 

air conditioning are returned to aquifers through recharge wells on Long Island, New York. 

Aquifers may be artificially recharged in two main ways: One way is to spread water 

over the land in pits, furrows, or ditches, or to erect small dams in stream channels to detain 

and deflect surface runoff, thereby allowing it to infiltrate to the aquifer; the other way is to 

construct recharge wells and inject water directly into an aquifer as shown on figure 12. 

 

 



 

 

 

 

The latter is a more expensive method but may be justified where the spreading method is 

not feasible. Although some artificial recharge projects have been successful, others have 

been disappointments; there is still much to be learned about different ground-water 

environments and their receptivity to artificial-recharge practices. A well, in simple concept, 

may be regarded as nothing more than an extra large pore in the rock. A well dug or drilled 

into saturated rocks will fill with water approximately to the level of the water table. 

If water is pumped from a well, gravity will force water to move from the saturated rocks into 

the well to replace the pumped water. This leads to the question: Will water be forced in fast 

enough under a pumping stress to assure a continuing water supply? Some rock, such 

as clay or solid granite, may have only a few hairline cracks through which water can move. 

Obviously, such rocks transmit only small quantities of water and are poor aquifers. By 

comparison, rocks such as fractured sandstones and cavernous limestone have large 

connected openings that permit water to move more freely; such rocks transmit larger 

quantities of water and are good aquifers. The amounts of water that an aquifer will yield to 

a well may range from a few hundred gallons a day to as much as several million gallons a 

day. 

An aquifer may be only a few or tens of feet thick to hundreds of feet thick. It may lie a few feet 

below the land surface to thousands of feet below. It may underlie thousands of square miles 

to just a few acres. The Dakota Sandstone, for example, carries water over great distances 

beneath many States, including parts of North Dakota, South Dakota, Montana, Wyoming, 

Colorado, Nebraska, Kansas, New Mexico, and Oklahoma. On the other hand, deposits of 

sand and gravel along many streams form aquifers of only local extent. The quantity of water a 

given type of rock will hold depends on the rock's porosity- a measure of pore space between 

the grains of the rock or of cracks in the rock that can fill with water. For example, if the grains 

of a sand or gravel aquifer are all about the same size, or "well sorted," the water-filled spaces 

between the grains account for a large proportion of the volume of the aquifer. If the grains, 

however, are poorly sorted, the spaces between larger grains may be filled with smaller grains 

instead of water. Sand and gravel aquifers having well-sorted grains, therefore, hold and 

transmit larger quantities of water than such aquifers with poorly sorted grains. 


