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Natural Inquirer
Editorial Review Boards 

Hard at Work

The interactive 
questions are a 
great addition 
to the overall 

product.

I enjoyed  
reading the journal,  

but I think there  
should be  

color.

Natural  
Inquirer gave me 
good information 

about the 
environment, but I 

think that it could be 
more exciting  

to read.

Beaty-Warren Middle School, Pennsylvania

Jeremy Criswell’s 7th Grade Science Classes

I thought that 
the graphs 

complemented the 
paragraphs.



The information  
in the Natural  
Inquirer was  
plentiful and  
easy to read.

Full Throttle Model 
is very informative 
and can help kids 
learn new subjects 
about science and 

serious issues about 
water.

I think the articles 
with figures should 

have the figures 
closer to them and 

not pages away from 
the paragraph.

I didn’t know  
what some of the  

words were, but the 
article explained them. 

Now I know a little  
about them.

The advice  
I would give to 
the writers is 

to spice it up in 
certain places.

I found the 
pictures and 

captions to be 
interesting.
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About Natural Inquirer Monographs!

Scientists report their research in a variety 
of special books, called journals. Although 
journals have been produced in hard copy, 
they are increasingly also produced online. 
Journals usually contain between four and 
seven scientific papers. Journals enable 
scientists to share their research with one 
another. A monograph is a type of journal 
about research that focuses on a single 
scientific paper.

This monograph of a Natural Inquirer 
article was created to give scientists the 
opportunity to share their research with you 
and other students. The monograph presents 
scientific research conducted by Forest 
Service scientists and other scientists. If you 
want to learn more about the Forest Service, 
you can read about it on the inside back 
cover of this monograph, or you can visit 
the Natural Inquirer website at http://www.
naturalinquirer.org. 

All of the research in this Natural Inquirer 
monograph is concerned with the natural 
environment, such as trees, forests, soils, 
animals, insects, outdoor activities, and 
water. First, you will “meet the scientists” 
who conducted the research. Then you 
will read about one of the many interesting 
aspects of science and about the natural 
environment. You will also read about a 
specific research project. The research article 
is written in the format that scientists use 
when they publish research in scientific 
journals. YOU become the scientist as 
you go through the FACTivity associated 
with the article. Don’t forget to look at the 

glossary and the special sections 
highlighted in the article. These 
sections give you extra 
information that is educational 
and interesting.

At the end of each section 
of the article, you will 
find a few questions to 
help you think about 
what you have read. 
These questions will 
help you think like a 
scientist. They will 
help you think about 
how research is 
conducted. Your teacher 
may use these questions 
in a class discussion, or 
you may discuss these 
questions in a small 
group.

Each Natural 
Inquirer monograph 
will help you explore the exciting 
world of science and prepare you to become 
a young scientist. You will learn about the 
scientific process, how to conduct scientific 
research, and how to share your own 
research with others. 

Visit http://www.naturalinquirer.org for 
more information, articles, and resources.

Be sure to try the Full Throttle Model Busy 
Bee Word Challenge and eyeChallenge on 
pages 43 and 44!

http://www.naturalinquirer.org
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Scientists collect and evaluate information about  
a wide range of topics. Some scientists study the 

natural environment.

Be enthusiastic: Are you excited about a particular topic?

Be curious: 
Are you interested 

in learning? 

Question 
everything:
Do you think about 
what you read and 
observe?

Be careful:
Are you accurate in 

everything you do?

Be open-minded:
Are you willing to listen 
to new ideas?

Who Are Scientists?

To be a 
successful 
scientist,   
you must:

To learn more about scientists 
and their work, you can find 
Natural Inquirer scientist cards 
and posters on line at http://
www.naturalinquirer.org.

At this website, you can also 
view a series of scientist 
videos to help you plan, 
design, and conduct your 
science fair project.

http://www.naturalinquirer.org
http://www.naturalinquirer.org
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Glossary words are in bold 
and are defined on page 32.

A monograph is a single research 
article organized into a booklet. This 
monograph presents the second 
article in the Time Warp Monograph 
Series. Have you ever thought 
about time warps? A time warp is a 
hypothetical state that involves a 
feeling or place in which time seems 
to stop or go backward. In this Time 
Warp Monograph Series, every article 
presents a research topic that has 
been under scientific investigation for a 
long time. Each monograph features a 
recent research study and highlights a 
similar research study from the past. 

When you see the 
Time Warp icon, get 
ready to read about 
the historic research 
study related to the 
“Full Throttle Model” 
research!

Time Warp section begins on 
page 34.

Welcome to the Natural Inquirer Monograph—
Time Warp Series!

To learn more about 
monographs, read  

“About Natural Inquirer 
Monographs!”  

on page 6.
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Although Mars may look dry and arid, National Aeronautics and Space 
Administration scientists discovered areas on the planet with evidence of water. 
Streaks on the land are one piece of evidence that scientists believe shows water 
on Mars. In this photo, the streaks are channels caused by the movement of water. 
These channels stretch down and toward the left in the photo. 
National Aeronautics and Space Administration photo.

Science results in the steady 
accumulation of knowledge. Recent 
scientific research builds on previous 
research. Sometimes over time, 
scientists discover that what they 
thought was true may not be true. For 
example, the National Aeronautics and 
Space Administration (NASA) recently 
announced the discovery of liquid 
water on Mars. Dr. Jim Green, NASA’s 
Director of Planetary Science, said 
that Mars is “not the dry, arid planet that 
we thought of in the past.”  

With new research, scientists can create 
understanding that is more accurate. 
Often, new technology is the key. 

New technology provides new ways 
of collecting and analyzing data. For 
example, photographs taken by the Mars 
Rover Curiosity enabled NASA scientists 
to discover evidence for recent water on 
Mars. New technology enabled Curiosity 
to be flown to Mars and take close-up 
photographs of Mars’ surface.

New scientific studies may be similar 
to previous scientific studies, but in 
different ways. For example, scientists 
might study a different ecosystem or a 
similar ecosystem in a different location. 
Scientists work to discover if the same 
results will be found across different 



natural conditions. For example, in 
the past, scientists might have studied 
how rainbow trout respond to water 
temperature changes in the Western 
United States. Later, other scientists 
might ask the same question about 
rainbow trout in the Eastern United 
States.

Scientists might study the same 
ecosystem or species that was studied 
in the past. These scientists might ask 
new questions that help them to better 
understand the ecosystem or species. 
Scientists work to build more accurate 
knowledge. A direct link between the 
previous and current research may not 
exist. 

Research on wildland fire is one 
example of how research can change 
human understanding over time. Forest 
Service scientists began studying 
wildland fire in the 1920s. Research 
at that time focused on how fire 
impacted wood production. Scientists 
and managers thought that wildland 
fire harmed forests. Later research, 
however, showed that both wildland 
fires and prescribed fires could 
actually keep forests healthy. 

Some scientific studies focus on one 
thing over a period of years. These 
studies may answer one or more 
questions. Called longitudinal studies, 
the research produces results that 
occur over a long period of time. Let’s 

say that a team of scientists want to 
know whether reading Natural Inquirer 
as middle school student influences 
the students’ choice of careers. The 
scientists would have to follow the 
same students through middle school, 
high school, and college, and until the 
students’ first jobs. 

Two related studies are presented in 
this monograph. In the historic research, 
scientists compared the impact of forest 
management practices on stream water 
quality. Forest management is taking 
specific actions to protect and to use 
natural resources in a forest. 

Forests are one type of land use. 
Other examples of land use include 
buildings, farms, and roads. In the 
recent research, the scientists studied 
the impact of different types of land 
use, such as urban development and 
agriculture, on lake water quality. In this 
recent research, the scientists used 
computer technology. The technology 
enabled them to study large areas that 
had a variety of land uses.

Science always proceeds across time. 
Careful reading and thinking about 
historic and recent research will bring 
their similarities and differences to light. 
Whenever you read historic or recent 
research findings, think about the past 
and future. One day, you might be the 
scientist advancing the knowledge in 
that topic!

10    Full Throttle Model  •    http://www.naturalinquirer.org



 Full Throttle Model   •    http://www.naturalinquirer.org    11

FULL THROTTLE MODEL:
Using Scientific Models  
to Quickly Assess Water Quality 

 Titus Seilheimer,  
Fisheries Specialist

My favorite science experience was working 
on all five Great Lakes. I got my feet wet in all 
of them in graduate school when I studied fish 
habitat in coastal wetlands. When I worked for 
the Forest Service, I explored the watersheds 
of Lake Michigan and Lake Superior entirely 
by computer. Now I spend my time as a 
fisheries specialist with Wisconsin Sea 
Grant working on fisheries problems in 
Wisconsin’s Great Lakes.

Meet the Scientists!

 Charles “Hobie” Perry,  
 Soil Scientist

My favorite science experience is interacting 
with international scholars. We have hosted 
scholars at our laboratory in Minnesota, and 
I have visited scientists on every continent 
across the globe, except Antarctica. Science 
is a great way to meet interesting people 
and make new friends.

Photo courtesy of Titus Seilheimer.

Photo courtesy of Charles “Hobie” Perry.



What Kinds of Scientists Did This Research?

�•��fisheries�specialist: This scientist studies fish ecology and 
populations to control disease, maintain habitat quality, and develop 
conservation methods and safe industry practices.

•  soil scientist: This scientist studies soils as one of Earth’s natural 
resources.

Many scientists make discoveries by comparing or summarizing 

information, or data. A collection of data is called a dataset. A dataset 

is organized in rows and columns of data (table 1). Datasets represent 

information using numbers, and numbers may be used to represent words.

Often, scientists collect data themselves and create their own datasets. Scientists 

may also use datasets created by other scientists. An example of a dataset 

created by other scientists is the collection of daily weather measurements, such 

as daily air temperatures, for communities across the Nation. 

The National Oceanic and Atmospheric Administration (NOAA), for 

example, collects and electronically stores daily weather measurements for 

U.S. communities. Scientists interested in studying the relationship of weather 

to other variables might use this dataset. Anyone with Internet access can 

view and use these weather measurements, which are stored on computers in 

databases.

Computers have enabled scientists to create and use large datasets. As 

computers become more powerful, scientists are able to analyze larger and 

larger datasets and to combine large datasets. Sometimes, scientists combine 

existing datasets with their own datasets. As more datasets are created and are 

available to many scientists, scientists can learn even more about our world.

Thinking About Science

12    Full Throttle Model  •    http://www.naturalinquirer.org



Identification 
number

Boy = 1
Girl = 2

Average 
number of 
minutes to 
type a text

Average 
number of 
texts per 

day

Use phone to talk with 
friends at least once 

every day
Yes = 1
No = 2

Phone  
operating system

iOS = 1
Android = 2

1 2 0.2 110 1 1

2 1 0.2 74 2 2

3 2 0.3 88 1 2

4 1 0.5 43 1 2

5 2 0.4 96 2 1

6 2 0.7 104 1 1

Table 1. A dataset showing the average number of minutes taken by teenagers to 
type a text, the average number of texts typed per day, whether a phone is used 
to talk with friends at least once every day, and the phone operating system for six 
teenagers in Lakeview Middle School.  (Note: These numbers are not real data!)
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Thinking About the Environment
Over time, natural environments may become degraded through human activities 
or natural disturbances. Land managers often work to restore these environments 
to a healthier condition. In 2010, the White House Council on Environmental Quality 
addressed watershed restoration (figure 1). The Council recommended that degraded 
watersheds be identified. The Council was interested in watersheds where restoration 
actions could be taken easily and quickly. 

The Great Lakes Restoration Initiative (GLRI) was started in 2010. The goal of the 
GRLI is to protect and restore the largest system of freshwater lakes in the world. The 
Great Lakes contain about 20 percent of the world’s freshwater (figure 2).

The watersheds surrounding the Great Lakes contribute either to each lake’s good health 
or to a degraded condition. In particular, water near the shorelines, also called nearshore 
water, is likely to be degraded if nearby watersheds are unhealthy. Nonpoint sources 
of pollution in these watersheds may affect nearshore water quality. Nonpoint sources 
of pollution cannot be easily identified because they do not come from a single known 
source, or point. Examples of nonpoint pollution sources include cities and agriculture. 

The scientists in this study were interested in helping land managers identify 
watersheds that might be sending pollutants into Great Lakes nearshore waters. 
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Figure 1. A watershed is 
the area that drains to a 
common waterway, such 
as a stream, lake, estuary, 
wetland, aquifer, or even the 
ocean. Any place on land, 
like your house or school, is 
in a watershed. Identify the 
closest waterway into which 
rainwater drains from your 
home or school. 
Illustration by Stephanie Pfeiffer.

Figure 2. The Great Lakes contain a large amount of water. Spread evenly 
across the United States, the Great Lakes would submerge the States under 
about 9.5 feet of water, excluding Alaska and Hawai’i. (Source: Great Lakes 
Information Network.) 
Map by Carey Burda.
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Introduction
Water quality in lakes is influenced by 
the characteristics of the watersheds that 
surround them. Lakeside watersheds 
affect water quality because water that 
runs off and through them enters the lake 
water. Water quality affects the health 
of economies that depend on water and 
water bodies. 

The Great Lakes contribute much to the 
economies of eight U.S. States, tribal 
communities, and one Canadian province 
that border the lakes. Ontario is the 

Canadian province that borders the Great 
Lakes. Identify Ontario in figure 2. What 
do you notice about Ontario, compared 
with the States south of the Great Lakes?

The nearshore region is important to Great 
Lakes communities. The nearshore region 
is defined as the water area extending from 
the shoreline to 20–30 meters of water 
depth (figure 3). The nearshore region is 
important because it is used as a drinking 
water source, is used for recreation, and is 
an important aquatic ecosystem.

Figure 3. The nearshore region includes water from the shoreline to 30 meters  
in depth.
Illustration by Stephanie Pfeiffer.
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The Great Lakes nearshore waters’ 
health is dependent upon having healthy 
watersheds (figure 4). These watersheds 
sometimes suffer from nonpoint source 
pollution. Nonpoint source pollution is 

pollution coming from a wide area, such 
as from agriculture or cities (figure 5). 
In contrast, point source pollution can be 
traced to one particular source, such as a 
factory (figure 6). 

How many feet is 30 meters? 

Multiply 30 times 3.281 to find out.

Figure 4. The land areas along the Great Lakes are the 
watersheds that drain into each lake. 
National Aeronautics and Space Administration, NASA Visible Earth photo.
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Figure 5. Agriculture is a nonpoint source of pollution for Great Lakes nearshore 
waters. Agricultural pollutants include sediment, nutrients like phosphorus, and 
chemicals used to kill unwanted insects and plants. Cattle can reduce water quality 
by increasing bacteria and sending too much nitrogen and other nutrients into water 
from their waste products. 
Photo by Babs McDonald, used with permission.

The scientists in this study were interested 
in figuring out a way to identify Great 
Lakes watersheds that need ecosystem 
restoration. Ecosystem restoration involves 
land management to restore the ecosystem 
to an earlier, healthier condition. 

The scientists wanted to provide watershed 
managers with mathematical models that 

would predict nearshore water quality 
based on land use changes occurring in the 
watersheds. Models are a representation 
of something. Models can be made from 
materials, mathematics, or images. The 
scientists also wanted to be able to identify 
watersheds for which restoration could be 
done quickly and at a reasonable cost.
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R
ef

le

ction Section
Figure 6. Factories and power plants are point sources of pollution for Great 
Lakes nearshore waters. 
Photo by Babs McDonald, used with permission.

What kinds of things might  
be done to restore an ecosystem 

to a healthier condition? 

The scientists wanted to 
accomplish two things with 

this research. Describe one of 
these things and tell why it was 

important to accomplish. 
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Methods

CANADA

New
York

Wisconsin

Illinois
Indiana Ohio

Pennsylvania
Iowa

Michigan

Michigan

N.H.

VT

West
Virginia

MA

Maine

CT

NJ

Minnesota

Figure 7. Great Lakes watershed boundaries are shown in light gray. The U.S. 
Geological Survey identifies the United States’ watershed boundaries. Why do 
you think the U.S. Geological survey did not identify watershed boundaries to 
the north of the Great Lakes? 
Map by Carey Burda, adapted from the U.S. Geological Survey.

The scientists studied watersheds around 
Lake Superior and Lake Michigan (figure 
7). The scientists identified ecoregions 
within these watersheds (figure 8). 

Ecoregions are areas that contain similar 
ecosystems. Ecoregions are identified by 
a different mix of natural vegetation as 
compared with the other ecoregions. 
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Ecoregion 212

Ecoregion 
212 East

Ecoregion 
212 West

Ecoregion 
222 West

Ecoregion 
222 East

Lake Superior

Lake Michigan

Figure 8. The Great Lakes watersheds were divided into ecoregions. 
This map shows only the part of each ecoregion that is included in the 
Great Lakes watersheds. 
Map by Carey Burda. 
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Database name What was measured Condition described

Vegetation Change Tracker 
(VCT)

Landsat images taken over a 
period of time (figures 9 and 10)

Forest disturbance and 
forest persistence 

National Hydrologic Dataset 
Plus

How waterways drained into  
the lake

Stream network

National Land Cover Dataset 
(NLCD)

How much of the land is 
covered in agriculture and urban 
development; the amount of 
surface water in watersheds

Land cover

Forest Inventory and Analysis 
Plot Data (FIA)

Proportion of softwood trees in 
the forest and the proportion of 
hardwood trees in the forest

Forest composition

Table 2. Existing databases were used to describe each watershed. Forest 
disturbance was defined as the amount of forest land that was changed to a  
non-forest use during the study period. Examples of non-forest uses are 
agriculture, roads, or buildings. Forest persistence was defined as the amount 
of forest that remained forest during the study period. Land cover describes 
what covers the land, such as crops, fields, and buildings. Forest composition 
describes the percentage of softwood and hardwood trees in a forest.

The scientists used several existing 
databases to describe the conditions in each 
watershed (table 2). To learn more about 

existing databases, read “Thinking About 
Science” on page 12.

Figure 9. Landsat images of 
Earth’s surface are taken by 
Landsat satellites.
National Aeronautics and Space 
Administration photo.



Figure 10. Landscape 
conditions were identified by 
observing Landsat images. 
You can see the landscape 
in this Landsat image of the 
island of Hawai’i. 
National Aeronautics and Space 
Administration photo, courtesy of  
http://www.geology.com.
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The scientists used water quality 
information collected at various places 
near and within the watersheds (figure 
11). Notice that much of the water quality 
information was collected in the nearshore 
region, near the coastline. Some of the 
water-quality information was collected 

in streams within the watershed. This 
information had already been collected 
by State, tribal, and Federal agencies. The 
scientists used measures of phosphorus and 
turbidity as indicators of water quality. 
Water quality is lowered when phosphorus 
and turbidity increase.
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Figure 11. Water samples were collected near and within the watersheds by 
people in other agencies. These samples described the levels of phosphorus 
and turbidity in the water at each sample location. 
Map by Carey Burda. 
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What Is Phosphorus?
Phosphorus is an element with the symbol P. Plants take up 
phosphorus from the soil as they grow. Low levels of phosphorus are 
found naturally in soil. Phosphorus, therefore, is often used as a soil 
fertilizer. 

Phosphorus is also used in pesticides and detergents, and it is found 
in animal and industrial wastes. Pesticides, fertilizers, detergents, 
and animal and industrial wastes can be washed into water bodies by 
rain, melting snow, and irrigation. When too much phosphorus gets 
into a water body, the amount of oxygen in the water is reduced and 
water quality decreases. 

The scientists used existing phosphorus 
and turbidity data collected within and near 
Great Lakes watersheds. The scientists 
retrieved information about the watersheds 
from other databases. They used all of 
this information to develop mathematical 
models on a computer. The models 
explored relationships between the amount 
of phosphorus and turbidity in the water 
and the watershed conditions shown in 
table 2 on page 21. 

The models enabled the scientists to 
discover which of the landscape conditions 
in table 2 were most closely related to 
increased phosphorus and increased 
turbidity. Once the scientists understood 
which landscape conditions were most 
closely related to water quality, they were 
able to identify watersheds that had the 
greatest likelihood of contributing to water 
quality problems. This finding included 
watersheds from which the scientists had 
no water quality data, but for which the 
landscape conditions were known.
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What Is Turbidity?
Turbidity is a measure of the amount of sediment, such as soil, silt, or sand, 
suspended in water. Sediment reduces or prevents sunlight from reaching 
aquatic plants. When sunlight cannot reach aquatic plants, photosynthesis 
is reduced. Plants produce oxygen during photosynthesis, so less sunlight 
reduces the amount of oxygen in the water. Like humans and other 
animals, fish and other aquatic life need oxygen to live.

Some fish need clear water to see their prey. Turbidity reduces water clarity. 
Sediment also absorbs heat from the sun, raising the water’s temperature. 
When the water temperature gets too warm, some species, like brook trout, 
cannot live in the nearshore region of the Great Lakes. Although some 
turbidity is natural in some waterways, too much turbidity is harmful. 

When you see a lake or river that looks muddy, it probably has a high level 
of turbidity.

Turbidity is commonly measured in nephelometric (ne fə lō me trik) turbidity 
units, or NTUs (figure 12). A nephelometer (ne fǝ lȯ mǝ tǝr) is used to 
measure the amount of light either penetrating a liquid or reflected off of 
sediment in a liquid. “Nephele” (nef ə lē) is the Greek word for “cloud,” and 
“metric” means “measure.” Nephelometric, therefore, means “to measure 
cloudiness.” In Greek mythology, Nephele was a goddess who was created 
from a cloud. 

For more information on turbidity, visit http://extension.usu.edu/waterquality 
and http://www.wsdot.wa.gov/research/reports/fullreports/526.1.pdf.
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Figure 12. Turbidity can be 
measured using a hand held machine 
with a probe (like the one pictured) 
that goes into the water. 
U.S. Geological Survey photo.



How could the scientists identify 
water quality problems near 

watersheds for which they had 
no water quality data? 

How did the use of 
existing databases help 

the scientists understand 
which watershed conditions 

affected water quality? 

Look at the number  
of water quality sampling  

sites in figure 11. For each of 
those sites, the scientists also 

retrieved a lot of information about 
nearby landscape conditions in the 

watersheds. Why do you think a 
computer was necessary to discover 

the relationships between  
landscape conditions and  

water quality?
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Findings
The scientists used several different 
variables to help them understand water 
quality. The Vegetation Change Tracker 
(VCT) database enabled the scientists to 
explore the relationship between changing 
landscapes and water quality. This 
exploration was possible because the VCT 
database includes information about how 

forests change over time. The relationship 
between forest change and water quality 
varied across the watersheds studied. 

The scientists found that when urban 
development and other landscape 
conditions such as agriculture increased, 
water quality decreased (table 3). 

Lake
Landscape conditions 

related to
increased phosphorus

Landscape conditions 
related to

increased turbidity

Lake Superior
• Percent agriculture
• Amount of forest disturbance

• Amount of forest disturbance
• Percent agriculture

Lake Michigan • Percent urban land
• Amount of forest disturbance
•  Abundance of softwood  

(pine) trees

If a forest had been disturbed in the past but 
was not recently disturbed, turbidity and 
phosphorus levels were lower than in areas 
with recent forest disturbance. In watersheds 
with more open water or wetlands, water 
quality was higher (figure 13).

The scientists’ models identified 
differences between water quality within 

and near Lake Michigan and Lake Superior 
watersheds, between ecoregions, and 
between watersheds within ecoregions. The 
scientists, therefore, had confidence in their 
ability to identify which watersheds needed 
immediate restoration. 

Table 3. Landscape conditions most closely related to increased phosphorus 
and increased turbidity in Lake Superior and Lake Michigan.
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Figure 13. Watersheds containing wetlands and open water had less 
phosphorus and less turbidity. 
Photo by Sarah Gross, U.S. Army Corps of Engineers.

If you had to  
identify one general 
reason for low water 

quality within or near a 
Great Lakes watershed, 

what would it be?

Why do you think  
forests that had been disturbed in the 
past had lower levels of phosphorus 
and turbidity than forests that had 

been recently disturbed? 
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Discussion
The computer models enabled the scientists 
to identify which watersheds needed 
immediate restoration. The models also 
enabled the scientists to estimate water 
quality within and near watersheds where 
they did not have water quality data. The 
scientists were also able to predict water 
quality within and near watersheds where 
the landscape was expected to change. 

With this information, watershed managers 
could respond to watersheds needing 
the most attention. Managers could also 
identify which watersheds would be most 
easily restored, and they could plan for the 
future as they expected the landscape to 
change.

Do you think it is 
important to measure and 

predict water quality? 
Why or why not?

From this study, what would  
you say is the relationship 

between landscape change  
and water quality?

Article adapted from Seilheimer, T.S.; Zimmerman, P.L.; Stueve, K.M.; Perry, C.H. 2013. Landscape-scale modeling of water quality 
in Lake Superior and Lake Michigan watersheds: How useful are forest-based indicators? Journal of Great Lakes Research. 39: 
211-133. http://www.fs.fed.us/nrs/pubs/jrnl/2013/nrs_2013_seilheimer_001.pdf
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FACTivity
Time Needed

• One class period

Materials (for each group of three students)

• Clear plastic container, such as a clear plastic soda bottle

• Electrical, masking, or other tape (if you are using a plastic bottle)

• Scissors (if you are using a plastic bottle)

• Paper clip

• Teaspoon or other device for stirring

• 2 tablespoons

• 1 cup of soil 

• Water

The question you will answer in this FACTivity is, “How might fish (figure 14) 
and other aquatic life be affected by turbidity?”

Figure 14. How do you think a minnow might be affected 
by turbidity? 
Illustration by Stephanie Pfeiffer.
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Methods
1.  Your teacher will cut off the top of the plastic bottles, about 5 inches 

from the top and tape the edge of the bottles. (Taping will reduce the 
sharpness of the plastic edge.)

2.  Fill the bottom of your plastic bottle with tap water to about 1 inch from the 
top. 

3. Place the paperclip in the water.

4.  One student will stir gently along the edge using the teaspoon, keeping 
the water and the paperclip moving. 

5. Another student will use one of the tablespoons to scoop up the paperclip. 

6.  Using the second tablespoon, the third student will then add a heaping 
tablespoon of soil to the water. Continue to gently stir the water. 

7. Observe what is happening to the water.

8. Replace the paperclip in the water.

9. Repeat steps 4-8 until all of the soil has been added to the water.

In this FACTivity, the water represents nearshore lake water. The soil represents soil 
running off of the watersheds (erosion), creating turbidity. The teaspoon represents 
water currents. The paperclip represents a small fish. The second tablespoon represents 
a larger fish, searching for and capturing smaller fish for food.  

What happened to the larger fish’s search for food as the water became more turbid? 
What is one disadvantage of turbidity for the small fish? How does this FACTivity 
relate to the study you just read? Now answer the question posed at the beginning of 
this FACTivity. Write your answer on a piece of paper, using complete sentences and 
proper punctuation and grammar.

FACTivity continued



accumulation (ə kyü m(y)ə lā shən): The 
act of collecting or gathering.

analyze (a nə līz): To study or examine 
carefully.

aquatic (ə kwä tik): Growing or living in 
or upon water.

control (kən trōl): Something used for 
comparison when checking the results of 
an experiment. 

degrade (di grād):  To impair in respect to 
some physical property. To lower or wear 
by erosion.

economy (ē kä nə mē): A system relating 
to the production, distribution, and 
consumption of goods and services.

forest composition (fȯr əst käm pə si 
shən): All plant species found in an area or 
landscape, including trees, shrubs, forbs, 
and grasses. 

hardwood (härd wu̇d): The wood of a tree 
without cones; a tree without cones.

hypothetical (hī pə the ti kəl): Imagined as 
an example for further thought. 

land cover (land kə vər): Whatever is 
covering the land, such as trees, grasses, 
buildings, or roads.

longitudinal (län jə tüd nəl): Involving the 
repeated observation over time with respect 
to one or more study variables. 

persistence (pər sis tents): The state of 
occurring or existing beyond the usual, 
expected, or normal time. 

pesticide (pes tə sīd): A chemical that is 
used to kill animals or insects that damage 
plants or crops.

prescribed fire (pri skrīb(d) fīr): Human 
application of fire to wildland vegetation 
under certain weather conditions as a forest 
management tool.

restoration (res tə rā shən): The act of 
bringing back to an earlier condition.

softwood (sȯft wu̇d ): The wood of a tree 
(such as a pine tree) that is soft and easy to 
cut. A tree that produces softwood.

turbidity (tər bi də tē): The state of being 
cloudy or muddy.

variable (ver ē ə bəl): Something that is 
able or apt to vary.

Glossary

Accented syllables are in bold. 
Marks and definitions are from 
http://www.merriam-webster.com.  
Definitions are limited to the 
word’s meaning in the article.
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Web Resources
Great Lakes Restoration Initiative
http://greatlakesrestoration.us/

About Our Great Lakes: National Oceanic and Atmospheric Administration
http://www.glerl.noaa.gov/pr/ourlakes/ecology.html

Crash Course: Conservation Biology and Restoration Ecology
https://www.youtube.com/watch?v=Kaeyr5-O2eU

The National Zoo: Measuring Turbidity
http://nationalzoo.si.edu/Education/ClassroomScience/Turbidity/Teacher/

Environmental Protection Agency: Old MacDonald’s Farmland Fertilizer Dilemma
http://water.epa.gov/polwaste/nps/kids/middleschool/farmx1.cfm

USDA Blog: Getting a New Perspective on the Great Lakes’ Water Quality
http://blogs.usda.gov/2016/10/07/getting-a-new-perspective-on-the-great-lakes-water-

quality/#more-66863

Natural Inquirer Connections
You may want to reference these Natural Inquirer resources for 

additional information and FACTivities:

•  “Green Means Clean” in the Natural Inquirer Freshwater  

edition to learn more about the importance of watersheds  

to water quality.

•  “What’s the Nonpoint?” in the Natural Inquirer Freshwater 

edition to learn more about nonpoint source pollution. 

•  “Sediment-al Journey” in the Natural Inquirer Freshwater edition to 

learn more about sediment in waterways.

These resources, along with others, can be found at  

http://www.naturalinquirer.org/all-issues.html.

If you are a trained Project Learning Tree educator, 

you may use “Pollution Search,” “400-Acre Wood,” 

“We Can Work It Out,” and “Watch On Wetlands” 

as additional resources.



TIME WARP 1951

As you read in the “Full Throttle Model,” nonpoint source pollution is 
pollution coming from widely developed areas, such as farms or cities. 
However, nonpoint source pollution can also be an issue in natural areas, 
such as forests. In 1951, Forest Service scientists Kenneth G. Reinhart, 
Arthur R. Eschner, and George R. Trimble, Jr., began to study a particular 
type of nonpoint source pollution in forests. 

At the time of this research, scientists had many questions regarding the 
management of forests. Some scientists wondered what impact forest 
management practices were having on water quality in forests. Forest 
management practices can include harvesting. Harvesting involves 
removing trees from forests (figure 15). 

The scientists in this study were concerned about sediment in streams. 
Sediment consists of small particles like silt, sand, and gravel that float 
in and may sink to the bottom of water. Too much sediment in water can 
reduce water quality by making the water cloudy. The scientists wondered 
if harvesting practices increased the amount of sediment in streams. 
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. . .
Reflect and Connect
Name one similarity and one difference 
between the recent Great Lakes research 
and the research done in the 1950s.

Introduction

Figure 15. Forest 
management, like 
harvesting, can affect 
the water quality. 
Bureau of Land Management photo.



In the 1950s, the scientists used a large forested area called Fernow 
Experimental Forest to answer their question about harvesting practices 
and water quality. Fernow Experimental Forest is one part of the Forest 
Service Experimental Forest and Range (EFR) system (figure 16). 

Recall that the scientists were interested in forest management that included 
harvesting practices. The scientists studied four different harvesting practices 
(table 4). All of these harvesting practices involved removing trees from the 
forest. The forest management practices also involved different levels of 
protecting streams. The scientists chose to study five areas within Fernow 
Experimental Forest. 

Figure 16. Fernow Experimental Forest is located in West Virginia. 
For more information on Fernow Experimental Forest, visit page 40 
of this journal. Map by Carey Burda.
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continued on next page

Methods



36    Full Throttle Model  •    http://www.naturalinquirer.org

Harvesting 
practice

Harvesting practice
description

Size 
(acres)

Years of 
forestry 
practice

Clearcut All trees were removed. 74 1957 – 1958

Large trees

All trees were removed that were 
greater than 17 inches diameter at 
breast height (dbh) (figures 17a and 
17b). No limits were set on forest roads.

38 1958

Medium and  
large size trees 

All trees were removed that were 
greater than 11 inches in dbh. Some 
protection provided for streams, some 
limits set on forest roads.

90 1958

Small, medium, 
and large trees

All trees were removed that were 
greater than 5 inches in dbh. Greatest 
protection provided for streams, 
greatest limits on forest roads.

85 1958

Control No trees were removed. 96 1957 – 1958

Table 4. Areas were observed for 6 years and environmental 
conditions were recorded. Then, a different harvesting practice was 
applied in each area. 

The five areas were observed for 6 years. Across the 6 years, the scientists 
collected and recorded data on precipitation, air temperature, and turbidity. 
Turbidity was used as a measure of water quality. After 6 years, the 
scientists applied the four harvesting practices in four of the five areas. 

Once the harvesting practices and stream protections were applied, 
the scientists collected data from the five areas on precipitation, air 
temperature, and turbidity for 3 more years.

                     . . .
Reflect and Connect
The scientists in both “Time Warp” and “Full 
Throttle Model” were researching how land use 
affected water quality. Describe how their data 
collection methods differed from one another. 

Time Warp continued
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Figures 17a and 17b. Diameter at breast height, or dbh, measures 
the diameter of a tree (a). Foresters use a special tape, called a 
diameter tape, or d-tape, that is placed around the circumference 
of a tree trunk. The tape’s measurement marks are adjusted so 
that the diameter, not the 
circumference, is measured. 
Diameter at breast height 
is always measured 1.37 
meters, or 4.5 feet, from  
the ground (b).
Illustration by Stephanie Pfeiffer and  
photo by Elvira Cuevas.

(a)

(b)



Time Warp continued

In the 1950s, the scientists found differences in the water quality 
before and after the harvesting practices and stream protections were 
applied. 

Water quality was measured using a turbidity test. Turbidity is a 
measure of how much sediment is in the water (figure 18). The 
scientists found that the Clearcut and Large Trees Harvest practices 
were related to higher turbidity. 

Figure 18. This stream, shown after a hard rain, has a high level of 
turbidity. Soil was washed from the forest floor into the stream, causing 
a high level of sediment in the water.
Photo by Babs McDonald, used with permission.
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Findings
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The “Time Warp” scientists discovered that managing forests using 
some harvesting practices might lower water quality in forest streams. 
The Clearcut and Large Trees harvesting methods were the harvesting 
practices more closely related to lower stream water quality. These were 
also the forest management practices with less stream protection.

Both the Clearcut and Large Trees harvests required using large 
machines in the forest, which required building dirt roads. The scientists 
concluded that building dirt roads and using large machines, along with 
less stream protection, enabled sediment to flow into nearby streams. 

What Has Changed Since This Research Was Done? 

In the 1950s, some scientists became interested in studying the 
relationship between forest management practices and water quality. 
Research, such as that conducted in “Time Warp,” showed that certain 
forest management practices were related to an increase in sediment in 
forest streams.

To improve forest management practices, the National Forest 
Management Act was passed in 1976. Today, forest managers work to 
reduce the amount of sediment in streams, protect soils, and maintain the 
health of the Nation’s national forests.

                     . . .
Reflect and Connect
How does the recent research support or not 
support the findings from “Time Warp”?

Article adapted from Reinhart, K.G.; Eschner, A.R.; Trimble, Jr., G.R. 1963. An interim report: effect on streamflow of four 
forest practices on the mountains of West Virginia. Res. Pap. NE-1. Upper Darby, PA: U.S. Department of Agriculture, 
Forest Service, Northeastern Forest Experiment Station. 79 p. http://www.fs.fed.us/ne/newtown_square/publications/
research_papers/pdfs/scanned/OCR/ne_rp1.pdf

Discussion
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Spotlight on 

In 1908, the Forest Service established 
a system of experimental forests and 
ranges (EFRs) to be set aside for 
environmental research. More than 100 
years later, 80 of these areas are spread 
across the United States (figure 19). The 
smallest of these is 47 hectares, and the 
largest is 22,500 hectares. Multiply the 

number of hectares by 2.47 to find out 
the size of these areas in acres.

Much of the research on EFRs is 
concerned with environmental changes 
that occur over long periods of time, 
over large areas, or both. More than 
30 of the areas were established at 

Figure 19. Experimental forests and ranges (EFRs) are located across the 
United States. Where is the one closest to where you live? 
Map by Carey Burda. 

Alaska

Puerto Rico
& the U.S. Virgin Islands

Experimental Forests
& Ranges

Legend

Alaska, Hawai’i, and Puerto Rico
are not drawn to scale.

Puerto
Rico

Hawai’i

Alaska

Hawai’i

an Experimental Forest and Range (EFR)

Fernow Experimental Forest 
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least 70 years ago. In some cases, 
experiments are designed to last 40 or 
more years. 

On EFRs, scientists continually collect 
information about the weather, the 
amount of snowfall and rainfall, the soil, 
and the ecosystem in that location. The 
historical research in the Time Warp 

1951 took place in Fernow Experimental 
Forest. This experimental forest is 
located in the Monongahela (mə nän 
gə hē lə) National Forest in the central 
Appalachian Mountains of West Virginia 
(figure 20). Fernow Experimental Forest 
was established on March 28, 1934, to 
address water and timber issues.

West Virginia
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Fernow 
Experimental 

Forest

Figure 20. Fernow Experimental Forest is located in the central Appalachian 
Mountains of West Virginia. The forest includes 4,600 acres.
Map by Carey Burda. 

Did You Know?

Fernow Experimental Forest was named after Bernhard 

E. Fernow. Fernow was one of the first U.S. foresters who 

followed scientific forestry practices. Bernhard Fernow was 

the third chief of the U.S. Division of Forestry from 1886-

1898, followed by Gifford Pinchot. Gifford Pinchot served 

as Chief until 1905. In 1905, the U.S. Forest Service was 

established from the U.S. Division of Forestry. Gifford 

Pinchot became the first Chief of the Forest Service. 
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More than 80 years later, water and 
forest health are still studied in Fernow 
Experimental Forest (figure 21). 
However, scientists have also studied 
biodiversity, endangered species, 
climate change, and atmospheric 
deposition (de pə zi shən) in Fernow 
Experimental Forest. Atmospheric 
deposition includes particles in the air 
that are dropped on the land and in the 
water when it rains or snows. Fernow 
Experimental Forest was the first site 
in a national network to observe and 
record how atmospheric deposition 
affects forest health. 

Fernow Experimental Forest is also 
used for education and outreach. More 
than 1,200 scientific journal articles 
have been published based on research 
from Fernow Experimental Forest. For 

general outreach to the visiting public, 
signs are placed throughout the forest 
explaining the research that is taking 
place. Long-term data sets are also 
available for anyone wishing to use them 
in a research project. 

Fernow Experimental Forest is just 
one example of an experimental forest 
and range. To learn more about all the 
experimental forests and ranges, visit 
http://www.fs.fed.us/research/efr/.  
To learn more about Fernow 
Experimental Forest specifically, visit 
http://www.nrs.fs.fed.us/ef/locations/
wv/fernow/. To take a virtual tour of 
Fernow Experimental Forest, visit 
http://www.nrs.fs.fed.us/ef/locations/
wv/fernow/local-resources/docs/
FernowVirtualTour.pdf. 

Spotlight continued

Figure 21. Research at Fernow Experimental Forest 
is focused on forests and water. 
Photo by Brian M. Powell [CC BY-SA 3.0], via Wikimedia Commons.

http://www.nrs.fs.fed.us/ef/locations/wv/fernow/
http://www.nrs.fs.fed.us/ef/locations/wv/fernow/
http://www.nrs.fs.fed.us/ef/locations/wv/fernow/local-resources/docs/FernowVirtualTour.pdf
http://www.nrs.fs.fed.us/ef/locations/wv/fernow/local-resources/docs/FernowVirtualTour.pdf
http://www.nrs.fs.fed.us/ef/locations/wv/fernow/local-resources/docs/FernowVirtualTour.pdf
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FULL THROTTLE MODEL
Busy Bee Word Challenge 

Help Busy Bee complete each statement.

Forest disturbances can  d _g _ _d _ 
watershed ecosystems.

Too much  _ _ rb _ _ i  _ y  can harm  
fish and other a_u _ _ _ c life. 

Scientists learn new information by using their 
own or other scientists’ _ at _ _ et _.

_ n _ a _ _ _ is the Canadian province  
that borders the  _ r _ _ _   _ _ k _ _.

Everyone lives in a w_ _ _ r_ _ e _.

Scientists can learn a lot about Earth’s surface 
by observing  _ _ _ d _ _ _  photographs..

Pollution coming from a lakeside watershed will 
affect the lake’s  _ _ ar_ _ _ r  _  region first.

Turbidity is measured by a unit named for  
_ _ ph _ _ _, the Greek word for “cloud.”

P_ _ si  _ _ _ _ c _  is a good trait  
for people and for forests.

When an ecosystem is degraded, scientists can help 
managers with its  _ _ s _ o_ _ _ _ _ n.
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FULL THROTTLE MODEL
eyeChallenge 

Each of the following images represents something from the article. 
Explain what each of these images represents. You may write your explanation 
or hold a class discussion. If you write your explanation, use complete sentences, 
proper spelling and grammar, and appropriate punctuation.
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Photo by Babs McDonald, used with permission.
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National Education Standards

For more detailed correlations of this Natural Inquirer Monograph to National Education Standards, visit the Natural Inquirer 
website (http://www.naturalinquirer.org).

National Science Education Standards Addressed in This Article
• Abilities Necessary to Do Scientific Inquiry
• Understandings About Scientific Inquiry
• Reproduction and Heredity
• Regulation and Behavior
• Populations and Ecosystems
• Understandings About Science and Technology
• Natural Hazards
• Science and Technology in Society
• Science as a Human Endeavor
• Nature of Science
• History of Science

Social Studies Education Standards Addressed in This Article
• Culture
• Time, Continuity, and Change
• People, Places, and Environments
• Individuals, Groups, and Institutions
• Power, Authority, and Governance
• Science, Technology, and Society
• Global Connections

Common Core Education Standards Addressed in This Article
• Key Ideas and Details

CCSS.ELA-Literacy.RST.6-8.1
CCSS.ELA-Literacy.RST.6-8.2
CCSS.ELA-Literacy.RST.6-8.3

• Craft and Structure
CCSS.ELA-Literacy.RST.6-8.4
CCSS.ELA-Literacy.RST.6-8.5
CCSS.ELA-Literacy.RST.6-8.6

• Integration of Knowledge and Ideas
CCSS.ELA-Literacy.RST.6-8.7
CCSS.ELA-Literacy.RST.6-8.8
CCSS.ELA-Literacy.RST.6-8.9

Next Generation Science Standards Addressed in This Article
• Science and Engineering Practices

Asking Questions and Defining Problems
Planning and Carrying Out Investigations
Analyzing and Interpreting Data
Developing and Using Models
Constructing Explanations and Designing Solutions
Engaging in Argument From Evidence
Using Mathematics and Computational Thinking
Obtaining, Evaluating, and Communicating Information

• Disciplinary Core Ideas
Life Science: LS1.B Growth and Development of Organisms; LS2.A Interdependent Relationships in 
Ecosystems; LS2.B Cycles of Matter and Energy Transfer in Ecosystems; LS2.C Ecosystem Dynamics, 
Functioning and Resilience; LS4.D Biodiversity and Humans
Earth and Space Science: ESS3.B Natural Hazards; ESS3.C Human Impacts on Earth Systems
Engineering Design: ETS1.A Defining and Delimiting Engineering Problems; ETS1.B Designing Possible 
Solutions; ETS1.C Optimizing the Design Solution
Nature of Science: Scientific Investigations Use a Variety of Methods; Scientific Knowledge Is Based on 
Empirical Evidence; Scientific Knowledge Is Open to Revision in Light of New Evidence; Science Models, 
Laws, Mechanisms, and Theories Explain Natural Phenomena

• Crosscutting Concepts
Patterns
Cause and Effect: Mechanism and Prediction
Scale, Proportion, and Quantity
Systems and Systems Models
Structure and Function
Stability and Change
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In accordance with Federal civil rights law and U.S. Department of Agriculture (USDA) civil rights regulations and policies, the USDA, its Agencies, offices, and employees, and 
institutions participating in or administering USDA programs are prohibited from discriminating based on race, color, national origin, religion, sex, gender identity (including gender 
expression), sexual orientation, disability, age, marital status, family/parental status, income derived from a public assistance program, political beliefs, or reprisal or retaliation for prior 
civil rights activity, in any program or activity conducted or funded by USDA (not all bases apply to all programs).  Remedies and complaint filing deadlines vary by program or incident. 

Persons with disabilities who require alternative means of communication for program information (e.g., Braille, large print, audiotape, American Sign Language, etc.) should contact 
the responsible Agency or USDA’s TARGET Center at (202) 720-2600 (voice and TTY) or contact USDA through the Federal Relay Service at (800) 877-8339. Additionally, program 
information may be made available in languages other than English. 

To file a program discrimination complaint, complete the USDA Program Discrimination Complaint Form, AD-3027, found online at http://www.ascr.usda.gov/complaint_filing_cust.
html  and at any USDA office or write a letter addressed to USDA and provide in the letter all of the information requested in the form. To request a copy of the complaint form, call 
(866) 632-9992. Submit your completed form or letter to USDA by: (1) mail: U.S. Department of Agriculture, Office of the Assistant Secretary for Civil Rights, 1400 Independence 
Avenue, SW, Washington, D.C. 20250-9410; (2) fax: (202) 690-7442; or (3) email:  program.intake@usda.gov. 

USDA is an equal opportunity provider, employer, and lender.

The use of trade or firm names in this publication is for reader information and does not imply endorsement by the U.S. Department of Agriculture of any product or service.

What Is the Forest Service? 

The Forest Service is part of the U.S. Department of Agriculture (USDA). The Forest Service is made up of thousands of people 
who care for the Nation’s forest land. The Forest Service manages 154 national forests and 20 national grasslands. These are large 
areas of trees, streams, and grasslands. National forests are similar in some ways to national parks. Both are public lands, meaning 
they are owned by the public and managed for the public’s use and benefit. Both national forests and national parks provide clean 
water, homes for the animals that live in the wild, and places for people to do fun things in the outdoors. National forests also 
provide resources for people to use, such as trees for lumber, minerals, and plants used for medicines. Some people in the Forest 
Service are scientists whose work is presented in this journal. Forest Service scientists work to solve problems and provide new 
information about natural resources so that we can make sure our natural environment is healthy, now and into the future. 
http://www.fs.fed.us

What Is the Northern Research Station?
The Northern Research Station operates in a region extending from Maine to Minnesota and from Missouri to Maryland. Part of 
the Forest Service Research and Development program, the Northern Research Station is one of seven Forest Service research 
units conducting research within all 50 States as well as in U.S. territories and commonwealths. The mission of Northern 
Research Station science is to understand all of the elements of forests and related landscapes. Science at the Northern Research 
Station follows five themes: forest disturbance, urban natural resource stewardship, forest sustainability, clean air and water, and 
natural resource inventory, monitoring, and assessment. 
For more information, visit http://www.nrs.fs.fed.us/

What Is the Cradle of Forestry in America Interpretive Association? 

The Cradle of Forestry in America Interpretive Association is a 501(c)3 nonprofit organization based in Pisgah Forest, North 
Carolina. The interpretive association strives to help people better understand ecology through recreation and education 
opportunities. Its projects include the following:

• Campground and recreation area management
• Educational programs and services, including support to Natural Inquirer, Investi-gator, Natural 

Inquirer Reader Series, NSI: Nature Science Investigator, scientist cards, and Leaf Prints (formerly 
Nature-Oriented Parenting)

• Sales of forest-related gifts and educational materials
• Workshops, newsletters, and publications
• Partnership with the Forest Service to provide programming at the Cradle of Forestry Historic Site

For more information, visit http://www.cfaia.org
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Natural Inquirer 
http://www.naturalinquirer.org

Forest Service Conservation Education 
http://www.fs.usda.gov/conservationeducation
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