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LEARNING OBJECTIVES: Explore relationships between cause and effect in a 
watershed. Make hypotheses and test results to examine how land use changes  
and changes in hydrology affect a river system.  

INTRODUCTION 

Rivers form a critical link between wetlands and lakes, sending freshwater across the 
landscape before releasing it into one of the world’s oceans. They have always been 
important to humans and have helped build society as we know it today. In fact, the 
beginning of the earth’s major civilizations in ancient Egypt, China, and Mesopotamia 
developed alongside rivers. (Can you name a city in the southeast that is unique in that 
it does not have a river running through or alongside it?) Throughout history, people 
have settled along waterways, where they depended on the fish they caught to eat and 
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the fresh flowing water for drinking, cooking, bathing, and overall sanitation. As time 
passed and human populations expanded, rivers provided routes for trade, sources for 
energy creation, and paths for exploration to establish new settlements. Today, rivers 
continue to support crucial economic and ecosystem services including transportation 
routes, recreational opportunities, irrigation waters, hydropower, as well as sustaining 
our daily lives. We depend on rivers in more ways than we typically acknowledge or 
understand. 

           Federal, state, and local governments have the difficult job of maintaining and 
managing rivers, while addressing multiple, sometimes conflicting needs for the 
resources these waterways provide. Understanding how the shape and function of rivers 
change due to human-caused (anthropogenic) and natural disturbances is important 
for researchers and city planners in order to effectively manage and conserve our 
shared waterways. Changes to how a river flows can flood properties and buildings near 
rivers, impede transportation routes, and destroy critical wildlife habitat. People can 
also modify rivers through activities such as damming waterways to create lakes and 
extracting sand from the river bed to produce materials such as concrete. Channelizing 
(straightening) rivers makes them easier to navigate, but often creates hard riverbanks 
which decreases fish populations and increases water velocity, leading to more erosion. 
Consider a skateboard ramp. There are no obstructions, and water has a clear path to 
flow. The longer or steeper that ramp is, the faster that water may flow. In contrast, 
consider a natural streambank of shrubs, trees, roots, leaves, and more. Water is slowed 
by each obstruction. We can compare this natural floodplain to bikes on a brake, 
slowing the accumulation and velocity of water.   

Natural disturbances on the other hand, include events like flooding. Since rivers 
are alive and changing, bending and moving across a floodplain, it’s easy to see why  
there is such great concern for what controls the extent and timeframe of a river’s 
movements.  

Explore further: How do river’s change shape naturally? 
https://www.youtube.com/watch?v=PPYZGqwXzaA 

Stream environments can support a diverse array of species and are intricately 
linked with the terrestrial environments that surround them. These lotic, or flowing, 
ecosystems are universal and include the stream channel, the adjacent riparian areas, 
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and the surrounding watershed. Stream ecosystems have both biotic elements (e.g., 
plants, animals, microbes) and abiotic (e.g., water, nutrients, substrate) elements. A 
significant proportion of global biodiversity live in stream ecosystems, including many 
endangered fauna, particularly amphibians and freshwater fish. 

WHAT’S IN A RIVER 

There are four types of river habitat important for the lessons we will explore in 
this program: pools, riffles, runs, and glides. While the types of habitat change as the 
size of the river increases, healthy rivers generally have alternating pools and riffles, 
while lower-quality rivers generally consist of long, continuous runs, reminding us of 
past river channelization. 

•Pools have a relatively slow current and serve as excellent habitat for fish and turtles. 
They often have a bowl-shaped bottom and are 1.5 times as deep as the surrounding 
area. They can usually be found where the river bends, upstream of riffles, and on the 
downstream side of obstructions (e.g., boulders, fallen trees). 

• Riffles are found where fast moving water flows over rocky areas, giving the water a 
bubbling appearance. The mixing of water as it splashes over the rocks increases the 
dissolved oxygen contained in these habitats, making riffles a good spot to find 
macroinvertebrates and minnows. An example of turbulent water: 
https://serc.carleton.edu/details/files/19085.html 

• Runs have a moderate current, medium depth, and smooth water surface. Runs can 
have diverse mixtures of aquatic life, depending on the quality and quantity of the in-
stream habitat (boulders, logs, root wads, leaf packs, etc.), though typically have less 
vegetation due to flow rate. 

• Glides have smooth flowing water. They are similar to a run, but have a lower velocity 
of non-turbulent water (laminar flow). 

HOW DO WE TALK ABOUT RIVER SIZE? 

Stream order is a number assigned to part of a river or stream to indicate the level of 
branching in a river system. Arthur Newell Strahler developed the "top down" system, 
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where first order streams are the smallest numbers in the water system and referred to 
as “headwaters.” Headwaters typically comprise the most amount of stream miles in a 
watershed, as there are many of them leading to a larger waterway, or second order 
stream. When two streams of the same order number join together, the combined 
stream is given a number that is one higher (see figure below) showing a confluence of 
first and second order streams. If two streams with different stream orders join 
together, the combined stream river keeps the higher of the two numbers. 

 

  

  

 

 

 

 

WHAT IS A WATERSHED? 

Every square inch of land on this planet is contained within a watershed. Look 
down at your feet – you are standing in a watershed! Watersheds, also called drainage 
basins or catchments, are areas of land that drain all the streams and rainfall to one 
common point, such as a river, lake, bay, or ocean. Think of watersheds like a bathtub; 
no matter where a drop of water falls inside the funnel, it all flows to the same drain. 
The size of watersheds can differ, and larger watersheds may contain several smaller 
watersheds. Ridges and hills that separate watersheds are called the drainage divide. 
Rain and runoff from these divides drain to the streams in the watershed.  All of the 
land that drains water to a specific point is the watershed for that specific outflow 
location.  

What is a watershed and why is it important? 
https://www.youtube.com/watch?v=f63pwrMXkV4 
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Let’s see what our fellow South Carolinians know about watersheds: 
https://youtu.be/tnfYJz8-6oE 

What are the different types of water flow? 
https://www.youtube.com/watch?v=8GOJ3S5jKSI 

THE RIVER CONTINUUM CONCEPT  

The river continuum concept (RCC) was first described by Robin Vannote and 
his colleagues in 1980. It is based on the idea of a dynamic equilibrium between the 
ecological and physical features of a river, as it changes from where the river first 
begins, to where it eventually releases into the ocean. Let’s break this down. Around 
500 BC, a Greek philosopher named Heraclitus said, “No man ever steps into the same 
river twice. As it’s not the same river, and he’s not the same man.” Talking only about 
the river, this quote refers to an alive system, always flowing, always changing, thus a 
dynamic system. The equilibrium, or balance, speaks to the river’s ability to maintain 
life and stability equally over the entire course of its path.  

The RCC provides a foundation that scientists use to describe and classify rivers 
all over the world. Specifically, it explains how the biological and ecological features of 
a river change from headwaters to lower reaches. Physical changes refer to river 
features such as depth, width, steepness or grade, water velocity, and sediment load, 
with each of these elements playing a major role in the system’s ability to maintain 
equilibrium. The RCC gives a standard explanation of the patterns in the quantity and 
kind of species you find in rivers. Scientists, therefore, can divide rivers into segments 
based on changes in how the plants and animals in the river use energy and nutrients. 
These segments can be referred to as the headwaters, mid-reaches, and lower reaches. 

  One of the most important environmental gradients as the river flows from the 
headwaters to the lower reaches is the change in the dependence of autochthonous 
(coming from inside of the river) and allochthonous (coming from outside of the river) 
energy sources. Along a river, two major changes occur in the ratio of autotrophic 
production (P) to the heterotrophic respiration (R) within the river channel. 
Autotrophic production is the primary production by plants, algae, and 
phytoplankton. Heterotrophic respiration is the oxidation of complex organic food 
for energy for all organisms. The ratio P/R is <1 in headwater streams where 
autotrophic production from photosynthesis in the stream is less than the total 
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demand for heterotrophic respiration. Basically, the plants, algae, and phytoplankton 
can’t produce enough energy to support all of the insects, fish, and other creatures. The 
addition of complex organic materials (e.g., dead leaves) from surface runoff from the 
surrounding area or direct falling from trees and plants in the immediate riparian zone 
helps to make up the difference in energy requirements in the headwater streams and 
maintains stream food webs. Thus, forested riparian buffers increase their importance 
in a river’s healthy function! 

  The P/R ratio flips to >1 (autotrophic respiration is greater than the total 
demand of heterotrophic respiration) in the mid-reaches or in medium sized rivers, 
where the in-river production is greater than the total respiratory energy requirement 
and the excess energy is transported downstream. The increased autotrophy can be 
attributed to the availability of dissolved inorganic nutrients (DIN, composed of 
nitrogen and phosphorus) through decomposition and shredding of organic matters 
received from headwaters. In addition, increased surface runoff improves the nutrient 
content in mid-reaches, and the canopy density is reduced, allowing sunlight 
penetration for photosynthesis. Further downstream, the water turbidity increases with 
increased suspended sediments and organic matter. This condition reduces penetration 
of UV radiation, leading to a reduction in photosynthesis, and eventually, the P/R ratio 
switches back to <1 in large rivers. These changes closely follow the stream order and 
stream width. 

Find out more here: https://stroudcenter.org/continuum/  

LOOKING TO THE FUTURE 

This chapter provides plenty of basic background that is used in professional settings. 

One such career that uses this information is Ecosystem Restoration Design. While 

many different ecosystems around the world go through degradation, the most relevant 

to this chapter are those that restore river systems. The goal of those designers are to 

manage possible flooding in the stream region, improving the biodiversity of the 

streams and surrounding vegetation, and stabilizing the stream banks as they change 

shape. While these designers are able to make an immediate change to the stream, it is 

important to understand long-term effects on the environment. This is where the 
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monitoring by groups such as Adopt-a-Stream come in to ensure positive changes over 

time.  

ACTIVITY 1: BUILD YOUR OWN WATERSHED ACTIVITY 

Now it’s time to build your own watershed. This project can be assigned as a take home 
assignment, a semester long project, or in class after lessons are completed. While it is possible 
to purchase watershed models, such as the popular Enviroscapes, building them is relatively 
easy. 

Here is the Enviroscape model: https://www.youtube.com/watch?v=h3dMkhO6jAw.One 
example of building a watershed model: https://www.youtube.com/watch?v=g9gorwznzGI. 

Materials required for building your own watershed model: 

●        Buckets, bowls 
●        Paper towels 
●        Clay 
●        Spray Bottle 
●        Sponges 
●        Different colored Food Coloring 
●        Chocolate and rainbow Sprinkles 
●        Honey 
●        Permanent Marker 
●        Ruler 
●        Plastic Sheet (2mx2m) 
●        Small objects to represent trees, buildings, animals, etc. 

Building the watershed model 

Step 1: Separate the students into groups and have discussions about what will be on their 
watershed model. Remember! Every square inch of land is part of a watershed! 

Step 2: Each group will draw images of what their watershed will contain and make sure that 
they contain a variety of land uses (residential, commercial, agricultural, manufacturing, 
recreational, etc). For this, it is suggested that the students use the SC DHEC Watershed Atlas, 
Google Earth, or other virtual maps. They can see the general idea of what each watershed 
contains. Alongside the types of land use, students will determine where the vegetation would 
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be, layout which areas will have higher and lower elevations, and predict where they think 
bodies of water will be when water flows through the model. 

Step 3: The students should gather various items to make their model and represent the 
buildings, roads, trees, etc. To create the topography, each group needs to either bring in or be 
provided with buckets, bowls, paper towels, and a plastic sheet or clay. They will also need food 
coloring, sprinkles, and/or honey to represent pollutants. Students should assign these last 
items to specific pollutants (i.e., honey is oil, chocolate sprinkles is waste, green food coloring 
is excess fertilizer, yellow food coloring is sediment eroded from construction sites, etc.). Be 
sure that the model has a large tub, pool, or sheet to collect any water that may run off the 
model. 

Step 4: If large amounts of clay are available, place the plastic sheet on the floor then place the 
bowls on top based on the diagrams the groups had drawn in Step 2. Mold the clay around the 
bowls and on the plastic sheet to create elevations- make sure to connect every hill with valleys 
to assure there is a solid surface- then place the small objects on top. If clay is not available, 
create the landscape using buckets and bowls, place the small objects where they should go, 
then mold the plastic sheet around this landscape to create the surface. If the students want a 
reference to what it should look similar to, refer them to Enviroscape models. 

  

Predicting the watershed’s behavior 

Step 5: Students at this time should comment on the predictions they made in Step 2 as well as 
create a hypothesis for where the water will flow to once it rains over the landscape. They 
should answer the questions about which areas would be affected by faster water, which areas 
will pool, and why they have predicted this. 

Step 6: Next is to determine sources of pollutants from each land use type. The students should 
record this and provide explanations for what types of pollutants each source could produce 
and how they could be produced and transported to rivers and downstream. 

Step 7: The students then need to make connections to how each type of pollutant produced in 
their watershed could affect stream health and what type of nutrient would mostly be at risk for 
excess exposure in that area. Make sure to record their discussions on the assignment sheet. 
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Using the watershed model 

Step 8: Use a spray bottle filled with water to create ‘rain’ on top of the highest point on their 
model. Continue to spray over the high point until streams, rivers, and larger bodies of water 
form. Each group should have student(s) recording detailed observations. 

Step 9: Using the observations made in Step 6, have the student place the “pollutants” on the 
surfaces around the small objects. Each student should write a prediction about what will 
happen when it ‘rains’ over the model’s surface. Where will the pollutants go? Will they be 
concentrated more in smaller bodies or larger? If the pollutants reach the larger bodies of 
water, will the food coloring make the water darker or lighter than that of the streams? Why 
have you made these predictions? 

Step 10: Create a gentle ‘rainfall’ over the entire surface using the spray bottle. Once again, 
detailed observations should be recorded focusing on what has happened to the pollutants. 

 Making conclusions 

Using the observations recorded, students should then compare what happened to the 
hypotheses they estimated from Steps 2 and 9. Were the bodies of water created where it was 
predicted? Did the pollutants follow the expected paths? Were the pollutants concentrated 
where expected? The student should explain why (or why not) the observations lined up with 
the predictions. They should also explain why the events that occurred how they did when it 
rained. Now knowing what happens to the pollutants in this model, the students should 
comment on the predictions made in Step 7 about which nutrients are in danger of nutrient 
loading in this watershed, whether their estimation remained the same, and if it has not, how it 
has changed and why. 

 Relating the model to real-life situations 

Based on the student observations, students should answer these questions to see how 
changes to the watershed could affect runoff and determine how it would be best to adjust it. 

●        Where would be the best places to put a house, school, park, and beach on their 
model? 
●        Choosing an area on their model with flowing water, try the following changes to 
observe the consequences they would have on the flowing water and pollutant runoff 

○        What would happen if a forest was placed on or beside this site? (add a 
sponges to represent forested areas) and create rainfall again to simulate this) 
Make observations about how it soaks up the water and pollutants just as a 
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forest’s soil and tree roots would do. How would this be good and bad for the 
environment? 
 
○        What would happen if a manufacturing/industry plant/factory was placed 
near the site? (Soak a sponge in water and food coloring.) Make observations 
about what the ‘pollution plume’ does when it rains. What type of pollutants 
could be released into the watershed, and what effect will they have on nutrient 
loading? 
○        What would happen if vegetation was added around the agricultural area? 
[If an agricultural area was not created in the original model, place pollutants 
(sprinkles and food coloring) in an area where one could be.] Replace the 
pollutants on the field, then add clean sponges around the edges. The sponges 
represent a forested area alongside a river, also known as a riparian buffer. 
Create the rainfall one last time and make a list of observations again. Did the 
‘trees’ help? Which types of pollutants did they prevent from getting into the 
sources of water? In real life, which types of pollutants would most benefit from 
a vegetation buffer being built around the field? 

●        What types of changes could be made to this watershed (if it were real) to… 
○        … prevent some of the stormwater runoff? 
○        … reduce pollution production? 
○        … moderate the nutrient enrichment? 
○        … decrease the bacterial contamination? 

●    Let’s consider how our weather patterns are changing. As we continue to develop 
the landscape, less rain water infiltrates through soil, and more sheds off of 
parking lots, buildings, and other impervious surfaces.  This can unbalance a river 
system and lead to downstream flooding issues. This is a situation addressed by 
stormwater engineers globally! As we develop and grow, communities are 
needing to find additional flood storage areas to prevent damage to homes, 
businesses, and more. Do you see areas that can be used for flood storage? (This 
is called blue-green infrastructure and is a leading strategy to address growth, 
flooding, and water quality in our major cities.) 

 
If Activity 1 is not feasible for the class, students can model and compare the impact of 
stormwater on our local watershed using an online watershed site storm model. 

ACTIVITY 2: MODELING YOUR SCHOOL’S STORMWATER  



 

 

 11 

 

 

Access the “Stormwater Management – Modeling Your School’s Stormwater” document 
and follow the lesson plan. Will include an online activity followed by assessment 
questions and a report.  

MATERIALS - Activity 2 
1 topographic map of school property 
3 colored pencils (red, brown, & green) 
Computers (1 per individual) 

CHAPTER ASSESSMENT 

1. Explain the positive uses and potential negative impacts of rivers. In your region, 

what are some specific ways the water sources are utilized?  How do humans 

adjust rivers to ensure minimal negative impact? Name one way water sources in 

your region have been modified.  

2. Name the four river habitats discussed. What is the difference between runs and 

glides?  

3. Describe a watershed. What watershed do you live in? What water bodies would 

the streams near your school lead to?  

4. Summarize the description and importance of a river continuum.  


