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Natural Inquirer
Editorial Review Boards 

Hard at Work

This was a very  
fun article to read. It 

was educational, and I  
think many kids  

will enjoy it!

I thought the  
Time Warp was the 
most interesting and 

easy to read  
section.

The most  
important thing I 
learned is the way 
scientists recreated 
verbenone, and that 
the beetles believed 

it was real.

Julia Morgan School for Girls
Oakland, California

Ms. Suzanne C. Morris’s 7th Grade Science Class

I think that  
in some parts, it 
should be like a 
coloring book. 

4     SPLAT!   •    http://www.naturalinquirer.org



The most  
important thing I 

learned is that trees 
in the Sierras are in 
danger because of 

pine beetles.

The most  
important thing I  

learned is the Mountain 
Pine Beetle is killing 
more trees than usual 

because of the 
drought.

You need to  
add color in some 

places for the  
charts to  

make sense.

I learned  
that people used to 

spray a bad chemical 
called lindane but 

they stopped.

SPLAT!   •    http://www.naturalinquirer.org    5

You should 
add a pun page 

with science 
jokes.
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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 U.S. Department 
of Agriculture (USDA), 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 Web site 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 SPLAT! eyeChallenge  
on pages 49!
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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 an environmental 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 that 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 online at http://www.naturalinquirer.org.

http://www.naturalinquirer.org
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Glossary words are in bold 
and are defined on page 38.

A monograph is a single research 
article organized into a booklet. 
This monograph presents the first 
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, while highlighting 
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 

“SPLAT!” research!

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.
Photo by the National Aeronautics and Space Administration.

Scientists accumulate knowledge 
over time. But sometimes they 
discover that what they thought was 
true may not be true! For example, 
the National Aeronautics and Space 
Administration (NASA) thought for 
years that the surface of Mars was dry. 
Recently, however, NASA announced 
the discovery of liquid water on Mars. 
Jim Green, the 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 more accurate understanding. 
Often, new technology is the key. New 
technology provides new ways of 
collecting and analyzing data.

New scientific studies may be like 
previous ones in different ways. In the 
past, for example, scientists might have 
studied how rainbow trout respond 
to water temperature changes in the 
Western United States. Years 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 to help them better 
understand the ecosystem or species. 
In this case, scientists are working to 
build more accurate understanding. A 
direct link between the previous and 
current research may not exist. 
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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 either wildland 
fires, or prescribed fires, actually keep 
some 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 time. Let’s say that a team 
of scientists wants to know whether 
reading Natural Inquirer as a middle 
school student influences students’ 
choice of careers. The scientists would 
have to follow the same students 
through middle school, high school, 
college, and until the students’ first jobs. 

Two studies are presented in this 
monograph. In the historic research, 
scientists studied a human-made 
chemical to figure out if it protected 
pine trees from mountain pine beetle 
attacks. This chemical’s use was later 
made illegal because it was found to 
be hazardous. In the current research, 
the scientists also studied how well 
other chemicals protect pine trees 
from mountain pine beetle attacks. The 
scientists studied chemicals similar to 
the kinds of chemicals produced by the 
beetles themselves.

Science always proceeds across time. 
Sometimes historic research can, at first 
glance, look similar to recent research. 
Carefully 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 
about that topic!
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SPLAT!
Protecting Pine Trees in the Western 
United States From Beetle Attack

 Christopher Fettig, Entomologist

My favorite science experience is interacting with young 
people in the field. Their passion and enthusiasm is 
contagious (kän tā jəs), and their questions often result 
in novel research that might not have been otherwise 
considered. The fact that our science often results 
in practical tools that are helpful to society and the 
environment, such as the development of SPLAT 
Verb, is icing on the cake! You will learn about 
SPLAT Verb in this research article.

Meet the Scientists!

 Steven Munson,  
 Forest Health Protection Group Leader

Forest insects have been a passion of mine for 
more than 40 years. Did you know that insects 
and plants communicate using chemical 
signals? We call these semiochemicals  
(se mē ō ke mi kəls). Insects receive these 
chemical messages through their antennae. 
Bark beetles and similar insects produce 
attractant chemicals, called pheromones 
(fer ə mōnz), that attract both males and 
females to a particular tree. This attractant 
enables the insects to feed and find a 
mate.

continued on page 12
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Bark beetles use trees for food and as 
a place to lay their eggs. When present 
in large numbers, bark beetles can 
damage or even kill a tree. Pine trees 
have a defense against bark beetle 
attacks. Pine trees will ooze sap out of 
the holes made by the beetles, in an 
attempt to push the beetles out. But 
beetles can overcome this by using 
pheromones to attract thousands 
of other beetles to a single tree. 
Thousands of beetles become too  
many for the tree to defend itself.

When thousands of beetles attack a 
tree, however, all of the beetles are 
competing for food from the same tree. 
At some point, therefore, the beetles 
change the chemical signal from an 
attractant to a repellent. The repellent 
tells the flying adults to find another tree 
to attack. SPLAT Verb was developed 
as a bark beetle repellent. This article 
will explain how we use SPLAT Verb to 
protect important trees from mountain 
pine beetle attacks. 

Meet the Scientists!

  Agenor Mafra-Neto,  
Chemical Ecologist

I was constantly exposed to farm life 
and the great outdoors when I was 
young. My early experiences led 
me to love and appreciate nature, 
animal behavior, and the complex 
interaction among species. 

My favorite science experience was when I first 
saw the powerful effect that natural chemicals like pheromones 

have on the behavior of insects. Pheromones are chemicals that some plant 
and animal species release. The chemicals have an effect on members 
of the same species. With tiny amounts of these pheromones I was able 
to completely manipulate the behavior of moths. I could make them go 
wherever I wanted them to go. Today I manipulate insect behavior for a living, 
protecting crops and forests from insect damage. 
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What Kinds of Scientists Did This Research?

 •  chemical ecologist: This scientist studies chemicals in the 
interactions of living organisms.

•  entomologist: This scientist studies insects.

•  forest health protection group leader: This scientist develops 
tools and leads others to develop tools that forest managers use to 
promote forest health. 

Have you ever heard the term, “research and development”? You 

may know that research is a systematic process scientists use to solve 

problems, answer questions, and discover new knowledge. Development 

happens when the new knowledge is used to create new technology. The 

new technology could involve a process, product, or both. 

The research and development process is often cyclical. Scientists do 

research and develop new technologies based on new knowledge. The new 

technology is further tested in an additional laboratory or field research 

project. The testing provides information to scientists about the success 

of the new technology. The testing might also suggest a need for more 

research and development.

The scientists in this study wanted to test a new technology. The new 

technology may protect pine trees from a beetle that damages or kills the 

trees. (See Munson’s and Agenor Mafra-Neto’s statements in the “Meet the 

Scientists” section on pages 11 and 12 for more information.) In this study, 

Forest Service scientists worked with a scientist from a company to develop 

the technology. By working together, the scientists could determine whether 

the new technology could protect pine trees.

Thinking About Science



Thinking About the Environment
Mountain pine beetles are found across western North America 
(figures 1 and 2). Mountain pine beetles lay eggs in the boles, or 
trunks, of pine trees that grow in the mountainous West (figure 3). 
Mountain pine beetles live most of their lives under the bark of pine 
trees. New adult beetles emerge from a pine tree and seek a new 
pine tree in which to mate and lay eggs. When a beetle finds a pine tree, 
scientists say that the beetle has attacked the tree. 

To complete their reproductive cycle, mountain pine beetles tunnel 
beneath the bark. This tunneling disrupts the flow of nutrients moving 
from the needles to the roots. The beetles also carry a fungus to the tree. 
This fungus helps to stop the movement of water from the tree’s roots to 
its needles. When the flow of nutrients and water is fully disrupted, the 
tree will die.

Under normal circumstances, mountain pine beetles are a natural part 
of western forests. Recent changes in climate and forest conditions, 
however, have increased mountain pine beetle attacks. When more pine 
beetles attack the trees, more trees are killed. When many pine trees 
are killed, other problems can occur. For example, water quality and 
wildlife habitat are reduced, and biodiversity and carbon storage are 
affected.

In recent years, mountain pine beetles have killed so many pine trees 
that the western mountain forest ecosystem is changing. Western forests, 
with so many dead pine trees, are now in danger from large uncontrolled 
wildfires. 

Animals that depend upon larger pine trees have less habitat. The 
scientists in this study, therefore, were interested in testing a new 
method to protect pine trees from mountain pine beetle attacks. 

14     SPLAT!   •    http://www.naturalinquirer.org
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Figure 1.  The mountain pine beetle can be found from Canada to Mexico.
Map by Carey Burda.

Figure 2. Mountain pine beetles are small beetles 
that need pine trees to complete their life cycle. 
Illustration by Stephanie Pfeiffer.

Figure 3. The mountain pine beetle’s life cycle depends 
upon pine trees for food and shelter. Adult beetles enter 
the tree through holes, often resulting in pitch tubes.
Illustration by Stephanie Pfeiffer.



16     SPLAT!   •    http://www.naturalinquirer.org

What Is Carbon Storage?
All living things contain carbon. Carbon is one of Earth’s 118 
elements. About 18 percent of your body weight, for example, is 
carbon. Trees contain a lot of carbon. Imagine taking all of the water 
out of a tree and then weighing the tree. About half of the tree’s 
weight would be carbon. Oceans, soils, and vegetation store carbon. 
This storage helps to keep the carbon cycle in balance. When a tree 
dies and decomposes or is burned in a forest fire, the carbon that 
was in the living tree is released to the atmosphere. 

The carbon cycle. Illustration by Stephanie Pfeiffer.  



Introduction
Mountain pine beetles are killing many 
pine trees in the Western United States 
(figure 4). When many pine trees die, 
the forest ecosystem changes and the 
chance for wildfires increases. Scientists 

and forest managers, therefore, want to 
protect as many pine trees as possible. 
Scientists use pheromones as one way to 
protect pine trees. 

Figure 4. Mountain pine beetles have killed large numbers of pine trees in the 
Western United States. In this digitally enhanced photograph, the darkest trees are 
the pine trees that have been killed by mountain pine beetles.
Photo courtesy of Babs McDonald.

SPLAT!   •    http://www.naturalinquirer.org    17
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Mountain pine beetles have impacted an area 

larger than Colorado, or more than 27,000,000 

hectares. How many acres have been 

impacted? (Hint: 1 hectare = 2.47 acres.)

Pheromones are chemicals released by plant 
and animal species to communicate with 
members of their own species. Mountain 
pine beetles have an interesting way of 
using pheromones to help them successfully 
reproduce in pine trees. (See Munson’s 
statement in the “Meet the Scientists” 
section on page 11 for more information.) 

Scientists can create artificial pheromones in 
the laboratory. Mountain pine beetles cannot 
distinguish these laboratory-produced 
chemicals from the pheromones produced by 
other beetles. Some of these chemicals repel 
beetles from an area. A repellent chemical, 
therefore, can be used to repel beetles from 
attacking pine trees. One of these repellent 
chemicals is called verbenone. Verbenone is 
produced when pines decay, as the beetles 
eat, and in the beetle tunnels. To successfully 
protect a tree, verbenone must stay effective 
while adult beetles emerge from pine trees to 
find new trees. 

In lodgepole pine (Pinus contorta) forests, 
where much of the damage has occurred, the 

beetles fly to and attack new trees. Beetles 
attack most often in July and August. They 
may also attack in June and September.

The scientists in this study were interested 
in testing a new way to use verbenone 
to protect pine trees. A company called 
ISCA Technologies, Incorporated, 
worked with the Forest Service to develop 
a new technology. This technology 
was Specialized Pheromone and Lure 
Application Technology, or SPLAT. 
The scientists included verbenone in the 
mixture, and called this technology SPLAT 
Verb. The pheromones in SPLAT Verb are 
mixed into a waxy substance so they can be 
applied to pine tree boles. 

The scientists wanted to answer the 
following questions: (1) How well does 
SPLAT Verb protect individual lodgepole 
pine trees, and areas of pine trees, from 
mountain pine beetle attack? and (2) How 
long does the protection last?
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R
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ction Section

Let’s say that beetle flight begins on June 21. 

How many days might mountain pine beetles 

fly to and attack new trees?

If you were the 
scientist, how would 

you conduct this 
experiment? 

Pheromones have also  
been used to attract thousands  
of beetles to certain trees. The 
beetles would be killed as they 

arrived at the tree or the tree would 
be removed or burned after attack.  

How is SPLAT Verb different?  
What is one advantage of using  

SPLAT Verb over the  
attractant pheromone? 



TIME WARP

Bark beetles  
and their effects on 

pine trees have been an 
important research topic for many 
years. More than forty years ago, 
Forest Service entomologists Robert 
L. Lyon and Kenneth M. Swain 
reported their bark beetle research, 
just like the “SPLAT!” scientists. Of 
the approximately 600 bark beetle 
species, Lyon and Swain were 
interested in studying western pine 
beetles. Western pine beetles, much 
like mountain pine beetles, attack living 
pine trees. They use the pine trees 
for food and shelter. These scientists 
were interested in how western pine 
beetles could be controlled to protect 
ponderosa pine trees.

The western pine beetle 
(Dendroctonus brevicomis) 
is one species that scientists 
want to study.
Pest and Diseases Image Library photo  
via http://www.bugwood.org.

Ponderosa pine grows 
throughout many parts of 
the Western United States. 
These trees can grow up 
to 230 feet tall. Mature 
ponderosa pine trees have 
orange-red bark. 
Photo by Matt Lavin (Flickr: Pinus ponderosa 
var. ponderosa) [CC BY-SA 2.0 (http://
creativecommons.org/licenses/by-sa/2.0)], via 
Wikimedia Commons.
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TIME WARP continued

Tunnels in a living 
ponderosa pine 
are evidence that 
western pine beetles 
are or were present.
USDA Forest Service, 
Intermountain Region photo via 
http://www/bugwood.org. 

The scientists began their research 
on western pine beetles in 1962. 
They determined that human-made 
chemicals were most effective for 
managing western pine beetles. 
The chemicals would be sprayed 
in the winter and would remain 
effective until spring when beetles 
emerged. The most commonly used 

chemical, however, was expensive. 
Another chemical, called lindane, 
was believed to be less expensive. 
The scientists wanted to know: (1) 
What quantity of lindane is effective 
in controlling western pine beetles? 
and (2) How long does lindane 
remain effective?

Reflect and Connect
What are two ways this research from the 
1960s is similar to and different from the 
research in “SPLAT!”? Discuss with a partner or 
write your answers using complete sentences 
and correct punctuation.

SPLAT!   •    http://www.naturalinquirer.org    21
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Methods

Figure 5. Lodgepole pine. Lodgepole pine needles are about 5.08 
centimeters (cm) long. 5.08 cm is equal to 2 inches. 
Illustration by Stephanie Pfeiffer.

The scientists wanted to test how well 
SPLAT Verb protected individual 
lodgepole pine trees and an area around 
them from mountain pine beetles. 
Lodgepole pine is a two-needled pine 
found throughout much of Western 
North America (figure 5). The study was 

conducted on the Bridger-Teton National 
Forest in 2012 and 2013 (figures 6 and 7).

The scientists first found an area with 
mountain pine beetle damage. In this area, 
the beetles had killed about 12 percent 
of the lodgepole pine over the previous 2 
years (figure 8). 
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Figure 6. The Bridger-Teton National Forest is in western Wyoming. 
Map by Carey Burda.

Figure 7. The Bridger-Teton National Forest. USDA Forest Service photo.
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Figure 8. Lodgepole pine killed by a mountain pine beetle attack.
Photo by Chris Fettig, USDA Forest Service.



The scientists randomly selected 60 live 
trees to study. Half of the trees were 
given SPLAT Verb. Trees treated with 
SPLAT Verb were called the experimental 
treatment. The other trees were called 
the control. In the control treatment, the 
scientists identified and observed the 
trees, but did nothing to them—with one 
exception. 

On June 19, 2012, the scientists stapled a 
substance to the north side of the bole of 
each of the 60 trees. This substance was 
a bait containing pheromones, which was 
intended to attract mountain pine beetles 
to each tree. The trees were separated from 
each other by at least 100 meters.

On the same day, each tree in the 
experimental treatment was treated with 70 
grams of SPLAT Verb. To make SPLAT 
Verb, the verbenone was mixed with a waxy 
substance. The wax enabled the verbenone 
to stay on the tree’s bole. This special way to 
apply verbenone was the technology called 
Specialized Pheromone and Lure Application 
Technology-Verbenone, or SPLAT Verb. 
The SPLAT Verb was applied to each tree 
in four 17.5-gram dollops. Each dollop was 
put on the tree bole using a caulking gun 
(figure 9). A dollop was put on the tree 2.5 
meters above the ground in each of the four 
directions. The four directions are north, 
south, east, and west.

Figure 9. Dollops of SPLAT Verb were applied using a caulking gun.
Photo by Chris Fettig, USDA Forest Service. 
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How many trees were assigned to the experimental 

treatment? How many trees were assigned to the 

control treatment?

How many total dollops of SPLAT Verb were applied?

How many feet from the ground was each dollop of 

SPLAT Verb applied? (Hint: The dollop was applied 2.5 

meters from the ground. One meter is equal to 3.28 

feet.)

How many total grams of SPLAT Verb were used in the 

experimental treatment?

How many ounces (oz.) of SPLAT Verb were applied to 

each tree? (Hint: 1 gram = 0.04 oz.)

What Is a Control in an Experiment?
Experimental treatments are situations or conditions that are 
arranged and organized by scientists. These situations or conditions 
are what the scientists want to understand. When scientists set up 
experimental treatments, they must have a separate condition to 
which they compare their experimental treatments. This condition 
is called a control. In a control, scientists leave the subject or thing 
being observed in a natural state.
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On October 9–10, 2012, each of the trees 
in the study was observed for signs of 
mountain pine beetle attack. Additionally, 
all trees within an 11-meter radius of each 
treated and control tree were observed for 
mountain pine beetle attacks (figure 10).

Using their observations, the scientists 
placed each tree’s condition into one of 
four categories, according to the amount of 
mountain pine beetle damage they observed. 
The categories were: (1) no attack, (2) 
unsuccessful attack, (3) strip attack, or (4) 

mass attack. A strip attack is an attack of 
part of a tree’s bole, but it does not extend 
around the tree’s circumference. A strip 
attack usually will not kill a tree. 

A mass attack happens when bark beetles 
attack all of the way around the tree bole 
(figure 11). A mass attack is so large that 
it overcomes all of the tree’s defenses and 
almost always kills a tree. The scientists 
waited until June 21–22, 2013, to observe 
the trees again. A tree was judged to be 
alive if no “crown fade” was visible and 

Figure 10. Each experimental tree and all trees within an 11-meter radius were 
observed for mountain pine beetle attack. The scientists also observed the trees in 
the control treatment. Illustration by Stephanie Pfeiffer. 
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judged to be dead if “crown fade” was 
visible. Crown fade is a discoloration of the 
tree’s needles from green to yellow to red.

Next, the scientists needed to answer 
their second question. This question was, 
“How long does the protection provided by 
SPLAT Verb last?” To answer this question, 
the scientists placed dollops of SPLAT Verb 

on trees in a forest in Riverside, California. 
On days 1, 10, and 30, scientists randomly 
removed five dollops for laboratory 
analysis. They determined the amount of 
verbenone left in the SPLAT Verb dollops 
through chemical analysis.

Figure 11. White or tan spots on the bole, or trunk, of a tree  
are pitch tubes that may be visible on a tree during an  
attack by mountain pine beetles.
Photo by William M. Ciesla, Forest Health Management International, via http://www.bugwood.org.



Why did the scientists want to 
find out whether verbenone was 
present in SPLAT Verb over a 

30-day period?

Why did the scientists  
use bait to attract 

mountain pine beetles to 
the 60 trees? 

Why did the scientists 
observe trees within an 
11-meter radius of the 
individual lodgepole  

pine tree?

Why did the scientists  
look for signs of beetle 
attack, as well as for  

tree death? 
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In 1962, the 

scientists were 

ready to test 

lindane on western pine beetles. 

Lindane is a different chemical 

technology than the verbenone used 

by the scientists in “SPLAT!” SPLAT 

Verb uses chemicals like those 

produced by the beetles, but lindane 

is a human-made chemical. When 

applied, lindane was mixed with 

diesel oil and sprayed onto plants.

The scientists wanted to determine 
the effectiveness of lindane when 
applied to trees approximately 
5, 4, 3, and 2 months before the 
expected beetle emergence. In 
November 1962, for the 5-month 
treatment, the scientists picked 
three trees in Sierra National 
Forest. Each tree was infested with 
western pine beetles. The trees 
were cut down, and each tree was 
cut into three even-sized logs. 
Three logs received the 1 percent 
lindane spray, three logs received 

The Sierra National Forest is located in California. Map by Carey Burda.

TIME WARP
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Reflect and Connect
The scientists in this research counted the 
number of living and dead or dying beetles 
in each log to determine the results of each 
treatment. How is that method different from 
the methods used by the “SPLAT!” scientists? 
What did the “SPLAT!” scientists do to learn 
about the presence of beetles?

the 1.5 percent lindane spray, and 
three logs received no chemical 
spray. Those logs that received no 
chemical spray were the control.

The scientists repeated the same 
process in December 1962, 
January 1963, and February 1963. 
The logs were left where they were 
treated until April 1963 when the 
scientists expected western pine 
beetles to emerge.

In April 1963, the scientists took 
sections of each log and sent 
them to a laboratory for analysis. 
Beetles were counted to see if they 
were dead or dying. The scientists 
compared the number of dead 
beetles to the number of living 
beetles in each log. 
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. . . . . .
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Findings
Every lodgepole pine tree in the control 
group was attacked by mountain pine 
beetles and more than 93 percent died. 
All of the lodgepole pine trees treated 
with SPLAT Verb were protected from 
mountain pine beetles (figure 12).

Recall that the scientists also observed 
trees within an 11-meter radius of the 
individual trees. The scientists found that 
SPLAT Verb protected trees beyond the 
individual tree that received the chemical 
treatment (figure 13).

Every lodgepole pine tree in the control 
group was attacked by mountain pine 
beetles and more than 93 percent died. 
All of the lodgepole pine trees treated 
with SPLAT Verb were protected from 
mountain pine beetles (figure 12).

Recall that the scientists also observed 
trees within an 11-meter radius of the 
individual trees. The scientists found that 
SPLAT Verb protected trees beyond the 
individual tree that received the chemical 
treatment (figure 13).

Figure 12. The application of SPLAT Verb was effective in protecting 
individual lodgepole pine trees from mountain pine beetle attack. 
Illustration by Stephanie Pfeiffer.

Figure 13. Most of the trees within an 11-meter radius of a target 
tree were protected against mountain pine beetle attack. 
Illustration by Stephanie Pfeiffer.



The scientists also tested how much of the 
verbenone in SPLAT Verb was released 
over 30 days. To be effective, the SPLAT 
Verb had to release verbenone long enough 
to repel beetles over the weeks adult beetles 
were flying and searching for trees to attack. 

The average release of verbenone during 
days 10-30 was 14.7 milligrams per day. 
If this average release rate continued past 
the 30 days, the amount of verbenone in 
a dollop would last an additional 75 days 
before it would be gone.
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Adult beetles emerge from trees and search 
for new trees to attack from mid-June through 
September. Let’s say beetles began flying 
on June 21. If the average measured release 
rate continued for 30 days, plus an additional 
75 days, would the amount of verbenone in 
a dollop be enough to protect the trees from 
attacking beetles? How do you know?



R
ef

le

ction Section
Consider all of the 

information  
collected by the scientists 

in this experiment. What do 
you think they concluded 

about the success of 
SPLAT Verb technology to 

protect individual trees from 
mountain pine  
beetle attacks?

Look at figures  
12 and 13. Examine the 
untreated control in each 

figure. What is one possible 
explanation for the differences 
in the percentage of trees killed 
between the untreated controls? 

If you need a hint, reread the 
third paragraph in the  

“Methods” section. 

What might the  
scientists conclude 

about the success of 
SPLAT Verb technology 
to protect trees within an 
11-meter circle around 

each tree?
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TIME WARP

Reflect and Connect
The scientists found that a large percentage of 
western pine beetles were dead even when the 
treatment was applied 5 months before beetles 
emerged. If you were a scientist and you were 
conducting more research on this topic, what’s 
one thing you would like to know more about? 

The scientists 
observed that 
both treatments 

which used lindane were effective 
against western pine beetles. The 
effectiveness of the treatments was 
not affected by the length of time 
between the treatment and beetle 
emergence. 

The two treatments, however, had 
slightly different effects on western 
pine beetles. The 1.5 percent 
lindane treatment was the most 

effective. On average, 94.8 percent 
of the western pine beetles died 
in the logs receiving 1.5 percent 
lindane treatment. The average 
number of dead western pine 
beetles for the 1 percent lindane 
treatment was 83.6 percent. Most 
of the beetles were dead before 
emergence in both treatments. 

The control logs, which were not 
treated with lindane, had high 
numbers of beetles emerging and 
surviving. 
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The 1.5 percent lindane treatment 
killed a larger percentage of western 
pine beetles. 
Illustration by Stephanie Pfeiffer.

. . . . . .
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Discussion
The scientists tested a technology aimed 
at reducing the damage done to lodgepole 
pines by mountain pine beetles. To protect 
individual lodgepole pine trees from 
mountain pine beetle attacks, the scientists 
made a recommendation. The scientists 
recommended applying four dollops, each 
containing 17.5 grams of SPLAT Verb, 
to the tree at the beginning of the beetles’ 
flight period. 

The scientists recommended doing 
additional research. First, they 
recommended testing the use of less 
SPLAT Verb. They also recommended 
two more studies on: (1) how SPLAT 
Verb can protect larger areas of lodgepole 
pine trees from mountain pine beetles; 
and (2) whether SPLAT Verb can protect 
other pine tree species from mountain pine 
beetles. 

Think about trying to protect 
hundreds or thousands of acres 

of lodgepole pine trees from 
mountain pine beetle attacks. 
What is one limitation of the 

technology and method tested 
by the scientists?

Describe a research  
project that could determine how 

to use SPLAT Verb to protect 
larger areas of pine trees from 

mountain pine beetles.

Adapted from Fettig, C.J., Munson, A.S., Reinke, M., and Mafra-Neto, A. 2015. A novel semiochemical tool for 
protecting Pinus contorta from mortality attributed to Dendroctonus ponderosae (Coleoptera: Curculionidae). Journal 
of Economic Entomology. 108:173-182. 



The scientists concluded that the best way to 
manage western pine beetles was to use lindane 

at a concentration of 1.5 percent mixed with diesel 
oil. They recommended this treatment as a method to control 
many species of bark beetle in California. 

At the time this research was 
published, in 1968, lindane was 
a commonly used pesticide in the 
United States. Lindane was used by 
Forest Service scientists, as well as 
others, until the 2000s. In the 2000s, 
many countries, including the United 
States, discovered that lindane may 
harm the environment and human 
health.

For most practices, the U.S. 
Environmental Protection Agency 
limited the use of lindane. Lindane 
is now illegal to use as a pesticide. 
Scientists and the U.S. Government 
concluded that the harm caused by 
lindane was worse than the problems 
it solved. Scientists, such as those 
in the “SPLAT!” research, and land 
managers now use less dangerous 
chemicals or new methods to 
manage bark beetles.

What Has Changed Since This Research Was Done?

Adapted from Lyon, Robert L. and Swain, Kenneth M. 1968. Field test of lindane against overwintering broods of the 
western pine beetle. U. S. Department of Agriculture Forest Service, Pacific Southwest Forest and Range Experiment 
Station. Res. Note PSW-RN-176.

Lindane was sprayed in forests for 
many years. However, scientists 
discovered that it may be harmful. 
Lindane was not the best solution 
to the problem. Scientists, like the 
“SPLAT!” scientists, are continuing 
the research. A similar scientific 
process may be used for other 
problems or issues in our lives, 
especially if the current solution is 
not safe. Think about your regular 
school day: what is one thing that 
you think scientists or engineers 
could improve in the future?
USDA Forest Service photo.
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TIME WARP



accumulate (ə kyü m(y)ə lāt): The act of 
collecting or gathering. 

attractant (ə trak tənt): A substance (such 
as a pheromone) that attracts specific 
animals (such as insects or individuals of 
the opposite sex).

biodiversity (bī ō dī vər sə tē): A measure 
of the differences between the types and 
numbers of living things in a natural area. 

circumference (sə(r) kəm(p) fərn(t)s): The 
length of a line that goes around something 
or that makes a circle or other round shape.

cyclical (sī kli kəl): Happening again and 
again in the same order.

decompose (dē kəm pōz): To rot or decay. 

disrupt (dis rəpt): To interrupt the normal 
progress or activity of something.

distinguish (di stiŋ (g)wish): To notice or 
recognize a difference between people or 
things.

extinguish (ik stiŋ(g) wish): To bring to an 
end.

hazardous (ha zər dəs): Involving or 
exposing one to risk.

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

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

manipulate (mə ni pyə lāt): To use or 
change (numbers, information, etc.) in a 
skillful way or for a particular purpose.

novel (nä vəl): New and different from 
what has been known before.

nutrient (nü trē ənt): Any of the 
substances found in food that are needed 
for the life and growth of plants and 
animals. 

prescribed fire (pri skrīb(d) fīr): The 
controlled use of fire to forested areas 
under certain weather conditions as a forest 
management tool.

randomly (ran dəm lē): A way of selecting 
a smaller number from a group in such a 
way that all members of the group have the 
same chance of being selected. 

repellent (ri pe lənt): Serving or tending to 
drive away.

systematic (sis tə ma tik): Using a careful 
system or method.

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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FACTivity
Time Needed

• 10 minutes for setup

•  1 week of observations, with 5 minutes for each observation and 
recording

• 35 minutes for final observation, graphing, and discussion

Materials (for each student or group of students)

• One 16 oz. plastic cup per student or group of students

• 12 oz. of water per cup

• 1 cup measure

•  A solution of 12 oz. of water and 3 drops of Clorox® Regular-
Bleach, mixed by the teacher prior to class and sealed in a plastic 
bottle

• Eye dropper 

•  One plastic bottle of chlorine test strips, such as is used for 
testing swimming pool or spa water (available at big box stores 
that sell swimming pool or spa supplies, a spa or pool supply 
store, or on the Internet)

• Plastic spoon

• Safety goggles

• Graphic organizer on page 42

• Recording device (optional)

The questions you will ask in this FACTivity are: What happens over the 
period of 1 week to chlorine that is added to a cup of water? How is the 
chlorine in water over 7 days similar to the verbenone in SPLAT Verb over 
30 days? How is it different?
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Methods
You or a member of your group should 
perform the following tasks. Get a 16 oz. 
plastic cup. If you are working in groups, 
label your cup with your group name or 
number. Using the cup measure, fill the cup 

with 12 oz. of tap water. Your teacher will 
add 10 drops of a solution of Clorox® and 
water to the water in your cup. Gently stir 
the water to mix in the Clorox® solution.

FACTivity continued

For Educators
How Should You Dilute the 
Clorox® Before Bringing It to 
Your Classroom?

The evening before you do this 

FACTivity, put 3 drops of Clorox® 

into 12 oz. of water. Store in a 

plastic container and seal with a 

removable lid. In the classroom, put 

10 drops of this solution into each 

student’s 12 oz. cups of water. This 

method should produce a chlorine 

concentration that is the standard 

for swimming pools. Your students 

should not drink this water, and 

students should use safety goggles 

as a precaution. When you are 

finished with the FACTivity, dilute 

the mixture with more water and 

discard this solution down the sink. 

What Are Clorox® and 
Chlorine?

Clorox® is a brand name for a cleaner 

and disinfectant. Clorox® Regular-

Bleach is made of the following 

ingredients: water, sodium hypochlorite, 

sodium chloride, sodium carbonate, 

sodium chlorate, sodium hydroxide, and 

sodium polyacrylate. 

Chlorine is a member of the series 

that forms group 17 of the periodic 

table of the elements. Chlorine forms 

chemical compounds with almost all of 

the elements to produce compounds 

that are usually called chlorides. 

Clorox® contains chlorides. Identify 

the chlorides in the list of Clorox® 

ingredients. Clorox® also contains what 

common element? If you do not know, 

look up the word “sodium” to find out.
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Dip one chlorine test strip into the water 
for 2 to 3 seconds, then withdraw it. Wait 
15 seconds, then observe the color of the 
pad on the test strip that measures free 
chlorine. Compare the pad’s color with 
the color key for free chlorine on the test 
strip bottle (figure 14). (Usually, a pool 
chlorine test strip will test for more than 
chlorine.) The measurement should be in 
parts per million (ppm). Record the date 
and the chlorine concentration in ppm on 
the graphic organizer on page 42. Place 
your cup on a shelf in a secure place in the 
room, where it will not be disturbed. Do 
not cover your cup.

Measure the chlorine concentration in the 
water every day for 1 week, and record your 
findings on the graphic organizer. At the 
end of 1 week, take your final measurement 
and record it.

Graph your findings on a line graph with 
ppm on the y-axis. Provide a title for your 
graph. Label the x-axis and the y-axis. 
Compare your final chlorine concentration 
measurement with your first measurement 
by observing your graph. What do you 
notice?

Now answer the questions posed at the 
beginning of this FACTivity.

Figure 14. Compare the chlorine test 
strip pad color with the free chlorine color 
key on the back of the test strip bottle. 
Photo by Brian Cooke, Cradle of Forestry in America  
Interpretive Association.

How Much Is  

One Part Per Million?

One part per million is equal to:

1 inch in 16 miles

1 second in 11.5 days

1 minute in 2 years
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Date Chlorine Concentration (ppm)

SPLAT! Graphic Organizer
Group Members:  ____________________________________________

__________________________________________________________

__________________________________________________________

FACTivity continued
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Web Resources
Forest Service Mountain Pine Beetle Epidemic
http://www.fs.usda.gov/detail/mbr/home/?cid=stelprdb5139168

National Park Service: Forest Health, Mountain Pine Beetle
http://www.nps.gov/romo/learn/nature/mtn_pine_beetle_background.htm

National Geographic: Mountain Pine Beetle Photography
http://ngm.nationalgeographic.com/2015/04/pine-beetles/essick-photography#/01-

black-hills-mount-rushmore-670.jpg

Society for Science and the Public: Secret Signals (Pheromones)
https://student.societyforscience.org/article/secret-signals

U.S. Bureau of Land Management: College Students Pitch in on Summer Projects
http://www.blm.gov/mt/st/en/info/newsroom/steward/09fall/youthprojects.html

Natural Inquirer Connections
You may want to reference these products for additional information 

and FACTivities:

•  For more information on pine beetles, read “Beetles Are 

Supercool!” in the Natural Inquirer Climate Education Series. 

•  For more on chemicals used with pine beetles, read “Shoot! 

Foiled Again!” in the Natural Inquirer Invasive Species edition.

These articles, 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 “Trees as Habitats,” “Dynamic Duos,” 

“Who Works in this Forest?” and “There Ought to  

Be a Law” as additional resources.
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Spotlight on  
an Experimental Forest and Range!

Glacier Lakes Ecosystem Experiments Site 

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 15). 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.

Figure 15. Experimental forests and ranges (EFRs) are located all across the 
United States. Which one is closest to where you live?
Map by Carey Burda. 
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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 
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 research in this monograph 
called “SPLAT! Protecting Pine Trees 
in the Western United States From 
Beetle Attack” was conducted at the 
Bridger-Teton National Forest located 
in Wyoming. Since the research from 
the article you read was located in the 
Western United States and in the State 

of Wyoming, we chose to highlight an 
EFR in Wyoming.

Only one EFR is located in Wyoming. 
The Glacier Lakes Ecosystem 
Experiments Site (GLEES) is a high 
elevation site located in the Medicine 
Bow Mountains (figures 16 and 17). 
GLEES was established in 1987. The 
research at GLEES is conducted to 
determine the effects of atmospheric 
deposition and climate change. 

Atmospheric deposition includes 
particles in the air that are dropped 
on the land and in the water when it 
rains or snows. Specifically, scientists 
study how atmospheric deposition and 
changing climate affect alpine and 
subalpine ecosystems.  

Figure 16. Glacier Lakes Ecosystem Experiments Site (GLEES) is located at a high 
elevation in the Medicine Bow Mountains in Wyoming.Map by Carey Burda. 
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Figure 17. Elevation is a measure of the height above the level of the sea.  
The location of GLEES is at an elevation between 3,200 and 3,500 meters above 
sea level.
Illustration by Stephanie Pfeiffer. 

On top of an 18-meter tall tower at 
GLEES, measurements of wind speed 
and direction, humidity, and temperature 
are taken. These data have been 
collected every 15 minutes for nearly 
30 years. GLEES also has a tower 
where measurements of carbon dioxide 
and wind are recorded 20 times per 
second, adding up to over 60 billion 
measurements to date. Carbon dioxide 
is used to study climate change. Data 
on snowpack, snow characteristics, 
and atmospheric deposition are also 
recorded.  

As you can see, many different types 
of data are gathered over long time 
periods at GLEES. However, GLEES 
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 GLEES, visit 
http://www.fs.fed.us/rmrs/experimental-
forests-and-ranges/glees-glacier-lakes-
ecosystem-experiments-site.         

Spotlight continued



What Are Alpine and  

Subalpine Ecosystems?

Alpine ecosystems are just above 

the tree-line at 11,000 to 11,500 

feet above sea level in southern 

Wyoming. Cold temperatures and 

frequent, high winds make the alpine 

ecosystem a challenging place for 

plants and animals to live. However, 

certain plants and animals like moss, 

alpine sunflowers, yellow-bellied 

marmots, and pikas are well adapted 

to live in alpine environments. 

Subalpine ecosystems begin just 

below the tree-line between 9,000 

and 11,000 feet above sea level in 

southern Wyoming. Trees such as 

fir, spruce, and pine do well in these 

ecosystems. 

Yellow-bellied marmots are a 
type of ground squirrel that live 
in alpine environments. Yellow-
bellied marmots hibernate for 
about 8 months each year due 
to the cold temperatures and 
frequent high winds in these 
environments.
Photo by Steve Hillenbrand, via the U.S. Fish 
and Wildlife Service.
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SPLAT! 
Synonym and Antonym Challenge 

A synonym is a word that has a similar meaning to another word in the 
same language. An antonym is a word that has an opposite meaning 
to another word in the same language. 

For each pair of words, identify whether the pair are antonyms or 
synonyms by writing an “A” or “S” in the box beside the pair of words.

Attractant 
 Repellent  

Notice 
 Distinguish 

Disrupt
 Continue 

Bait  
 Lure

Mature
 Immature

Appear 
 Emerge 

Effect 
 Impact

Decay
 Decompose

Novel
 Old

Infested
 Empty

Bole
 Trunk

Approximately
 Almost

Treatment
 Action

Living
 Nonliving
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SPLAT! 
eyeChallenge 

Each of the following images represents something from the article. 
Two of the images did not appear in the article, but they relate to the content in 
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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National Education Standards
For more detailed correlations of this Natural Inquirer Monograph to National Education Standards, visit the Natural Inquirer 
Web site (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; LS2A 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 the 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. For 
more information, visit 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 Pacific Southwest Research Station?  
The Pacific Southwest Research Station represents Forest Service Research & Development in the States of California and Hawaii 
and the U.S.-affiliated Pacific islands. The region has the lowest, driest desert in the country, the highest elevations within the 48 
contiguous States, and the wettest tropical forests. It is the home of an abundant diversity of native plants and animals and nearly 
50 percent of the Nation’s threatened and endangered species. Pacific Southwest Research Station scientists conduct a broad array 
of natural resources research to achieve its mission to “develop and communicate science needed to sustain forest ecosystems and 
their benefits to society.”  For more information, visit http://www.fs.fed.us/psw/.

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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