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Natural Inquirer
Editorial Review Board

Hard at Work

“They  
[the tables]  

are easy  
to read.”

“It [the text] 
needs to be 
enlarged.”

“Figure 11 
looks like the 

alphabet, how 
tiny the stuff 
[the text] is.”

Athens Tutorial STEM Camp, Athens, GA
Annalise Wershoven, Camp Director

“Spread 
the 

word.”

“It’s 
perfect.”
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About Natural Inquirer Monographs!

2014Number 8

The Natural Inquirer Monograph Series

The Morel of the Story

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 the 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 website at http://www.
naturalinquirer.org. 

All of the research in this Natural Inquirer 
monograph is concerned with the natural 
environment, and especially trees, wood, 
and insects. 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. Then 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 Chew on This! Synonym 
and Antonym Challenge and eyeChallenge 
on pages 40 and 41!
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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 
online at http://www.
naturalinquirer.org.

Photo courtesy of Johnny Boggs,  

USDA Forest Service.

Photo courtesy of Cassandra Johnson Gaither,  
USDA Forest Service.

Photo courtesy of Sara McAllister,  

USDA Forest Service.

Photo courtesy of Andrew Graves,  

USDA Forest Service.
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Glossary words are in bold 
and are defined on page 27.

A monograph is a type of journal about 
research that focuses on a single 
scientific paper.

This monograph presents the third 
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 

“Chew on This!” research!

Time Warp section begins on 
page 32.

To learn more about 
monographs, read  

“About Natural Inquirer 
Monographs!”  

on page 5.

Welcome to the Natural Inquirer Monograph—
Time Warp Series!

Photo courtesy of Babs McDonald, used with permission.



8    Chew on This!  •    http://www.naturalinquirer.org

Although Mars may look dry and arid, NASA 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 are 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. Jim Green, NASA’s Director 
of Planetary Science, said that Mars is 
“not the dry, arid planet that we thought 
of in the past.”  

New research provides scientists 
with a more accurate understanding. 
Often, new technology is the key. 

New technology provides new ways 
of collecting and analyzing data. For 
example, the Mars Rover Curiosity took 
photographs to help 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 like 
previous ones 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 
affected 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 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 the students’ 
first jobs. 

Two studies are presented in this 
monograph. In the historic research, 
the scientists were interested in 
determining the costs of termite and 
beetle damage to homeowners. The 
scientists wanted to know how much 
money it cost to control and prevent 
termite and beetle damage in the 
Southern United States. In the current 
research, the scientists wanted to know 
more about the role of termites in forest 
environments. 

Science always proceeds across 
time. Sometimes historic research 
can, at first glance, look similar to 
recent research. Carefully reading and 
thinking about historical and recent 
research will bring the similarities 
and differences in research 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!

 Chew on This!   •    http://www.naturalinquirer.org    9
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Chew on This!
Measuring the Impact of Termites  
on Forest Wood

  Michael Ulyshen,  
Entomologist

My favorite science experience was collecting insects in 
French Guiana (gē a nə) while I was in graduate school. 
French Guiana is a small South American country to 
the north of Brazil. To attract insects at night, we set up 
bright lights on remote roads surrounded by rainforest. 
An unbelievable number and variety of insects were 
drawn to the light, including Titanus giganteus, which is 
considered the largest beetle species in the world! 

My most memorable experience was when the noisy 
generator, which was powering our lights, ran out of gas. My 

ability to see insects (or anything else!) was suddenly replaced by the ability to 
hear the forest. I could hear the flapping sounds of countless bats as they flew 
around me to catch the insects that had been attracted by the light.

Meet the Scientists!

Photo courtesy of Michael Ulyshen,  

USDA Forest Service.

Joe Mulrooney,    
Entomologist

My favorite science experience was working with 
subterranean termites that have a complex social 
system. They are important contributors to the 
forest ecosystem as well as being pests to home 
owners. This research was especially challenging 
because these insects live underground, making 
direct observation of their behavior difficult. Photo courtesy of Joe Mulrooney,  

USDA Forest Service.
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What Kind of Scientist Did This Research?
 • entomologist: This scientist studies insects.

Sometimes scientists test something in particular. Scientists use 

experiments that include experimental treatments. Experimental 

treatments are conditions that are created and organized by scientists. 

Scientists want to understand the results related to these conditions. 

Scientists may set up one or more experimental treatments. To better 

understand the results of experimental treatments, results are compared to 

other experimental treatments. The results are also compared to conditions 

with no experimental treatments, called a control. 

In this research, for example, the scientists were interested in how much 

downed wood termites and other insects were consuming on the forest 

floor. Downed wood is the fallen wood, such as tree trunks and branches, 

on a forest floor. 

The scientists had to do a comparison to determine how much downed 

wood termites consume. They compared wood that was available to 

termites and other insects with wood that was not available to, or protected 

from, termites and other insects. The wood that was available to the insects 

was the experimental treatment, and the wood that was not available was 

the control. The scientists used this control to compare the results of the 

experimental treatment in which wood was available to the termites and 

other insects. 

Thinking About Science

 Chew on This!    •    http://www.naturalinquirer.org    11



12    Chew on This!  •    http://www.naturalinquirer.org

Thinking About the Environment
Decomposition (dē kəm pō zi shən) is the act or process of breaking up, usually 
by decaying or rotting. During decomposition, the resulting simpler form of matter 
becomes available for other organisms to use. The simpler form of matter is usually in 
the form of nutrients. Organisms need nutrients, which are substances that keep them 
alive. 

Shortly after a living organism dies, it begins to decompose. Decomposition is an 
important part of every ecosystem. Decomposition is aided by other living organisms. 
Many of these organisms are not visible to the naked eye, such as bacteria. Some of 
these organisms, however, are visible without a microscope. 

The scientists in this study were interested in learning about the role of termites in a 
forest ecosystem. When tree trunks and branches fall to the ground, they decompose 
and provide nutrients for other organisms (figure 1). Termites, beetles, and microbes 
break down the dead wood into simpler forms.

Scientists know a lot about how termites cause wood in homes and buildings to 
decompose and weaken. Scientists know little, however, about the role termites play 
in Southeastern United States forests. The scientists in this study wanted to learn more 
about the role termites play as forest decomposers.

Figure 1. Tree trunks 
and branches begin to 
decompose after they have 
fallen on the forest floor. 
Decomposition advances 
over time as trees and 
branches lie on the floor, 
aided by termites, beetles, 
and microbes. 
Photo by Babs McDonald,  
used with permission.
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Figure 2. Termites, like all insects, are arthropods. Termites consume 
wood by breaking down cellulose and exposing wood to other 
decomposers. 
Photo by Mike Ulyshen, USDA Forest Service. 

Introduction
Wood-eating insects, which function as 
decomposers, are found wherever trees 
grow. In Earth’s warm temperate and 
tropical regions, termites are the most 
plentiful wood-eating insect (figure 
2). Beetles also contribute to wood 
decomposition. Microbes, including 
bacteria and fungi, play a role in wood 
decomposition, too. This process is an 
important part of the carbon cycle (figure 3).

In the Southeastern United States, 
subterranean termites are known to damage 

homes and other buildings (figures 4 and 
5). Although this type of decomposition 
is unwanted by humans in their homes, 
wood decomposition is essential to the 
health of a forest ecosystem. Scientists 
know little about the role termites and other 
insects play in keeping forests healthy. The 
scientists in this study, therefore, wanted to 
learn how much termites contribute to forest 
decomposition, compared with beetles and 
other insects. 
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Figure 3. This 
illustration shows 
the carbon cycle. 
Forest wood 
decomposition 
is a part of the 
carbon cycle. 
Find where 
decomposition 
occurs in the 
carbon cycle. 
Illustration by  
Stephanie Pfeiffer.

Figure 4. The Southeastern 
United States has a warm 
climate with a fair amount 

of rainfall. 
Map by Lindsay Gnann.

Figure 5. Termite damage can be 
a serious problem for homeowners 
whose homes are built with wood 
products. 
Photo by Shela Mou, used with permission.
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What Are Subterranean Termites?
Subterranean termites, in existence for 55 million years, are social insects that live 
underground. Social insects live in family groups that are called colonies. In a colony, 
labor is divided by caste (figure 6). Termite castes are defined by the job done by 
each termite. 

Workers are responsible for all of the labor in the colony. Workers care for young 
termites, build and repair the nest, locate food, and feed and groom the other 
termites. Workers are found in infested wood, as well as in the nest.

Soldiers defend the colony against ants and termites from other colonies. These 
termites have large jaws that they use to kill the colony’s enemies.

The primary reproductives include the colony’s king and queen. A queen can 
produce over 500 eggs every year. A king and queen have the longest life spans of 
any termites in the colony. They can live for 10 years or longer. 

In the spring, winged termites emerge in large numbers from termite nests. These 
termites are the secondary reproductives and are called swarmers. The swarmers 
leave the colony in search of a place to begin a new colony. The swarmers pair up 
and find a place in soft soil. Their wings break off, and they dig a small chamber 
in the soil. The swarmers crawl inside, seal up the chamber, and mate. These two 
termites become the new colony’s king and queen. From this point on, they will 
live underground. As the colony grows, different castes will be produced. Scientists 
estimate that mature colonies contain more than 60,000 workers. 

Look again at figure 2. Which termite castes do you see in this photo? 

Information adapted from Virginia Cooperative Extension.  

For more information, visit http://pubs.ext.vt.edu/444/444-502/444-502.html.

Figure 6. A termite colony 
has three primary castes: 
workers, soldiers, and 
reproductives. Kings, queens, 
and secondaries are a part of 
the reproductive caste. Within 
a colony, workers are the 
most plentiful type of termite. 
Illustration by Stephanie Pfeiffer.
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R
ef

le
ction Section

State what the scientists  
wanted to learn in the form  

of a question.

Why do you think little is 
known about termites in forest 

ecosystems, but much is known 
about termites living near and in 

homes and other buildings?

Methods
The scientists studied trees and termites in 
the Sam D. Hamilton Noxubee (näks ə bē) 
National Wildlife Refuge in Mississippi 
(figure 7). The scientists selected 34 loblolly 
pine trees. The trees were cut down, and the 
tree trunks were cut into sections and disks 
(figure 8). Each tree section was 1-meter 
long (figure 9). All trees were chosen from 
the same 1-hectare area (figure 10).

A total of 187 1-meter tree sections were 
cut. The tree sections were taken to another 
forest site in the Sam D. Hamilton Noxubee 

National Wildlife Refuge. The forest site 
was divided into equal-sized areas. The 
center of each area was separated from the 
center of the next area in all directions by 
10 meters (figure 11). 

Forty-seven of these areas were identified 
as places where the tree sections would 
be fully protected from termites and other 
insects, such as beetles. In these 47 areas, an 
area of soil 1 by 2 meters was treated with 
a pesticide that would kill or repel termites 
(figure 12). 



 Chew on This!   •    http://www.naturalinquirer.org    17

Sam D. Hamilton Noxubee 
National Wildlife Refuge

Mississippi

Figure 7. The Sam D. Hamilton Noxubee National Wildlife Refuge is in eastern 
Mississippi. 
Map by Carey Burda.

Figure 8. A Lumbermate 2000™ band 
sawmill was used to cut some of the wood 
sections into disks. 
Photo by Terry Wagner, USDA Forest Service.

Figure 9. Loblolly pine trees were cut 
into 1-meter sections. 
Photo by Terry Wagner, USDA Forest Service.
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A hectare is equal to 2.471 acres. An acre is 

equal to 16 tennis courts (figure10). How many 

tennis courts would fit on a hectare of land?

Figure 10. Sixteen tennis courts can fit onto one acre of land. 
Illustration by Stephanie Pfeiffer.

Figure 11. The forest area was 
divided into 187 equal-sized 
areas. In 47 of these areas, 
logs were fully protected from 
termites and other insects by 
pesticide application and mesh 
covering. 
Illustration by Stephanie Pfeiffer.
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A pesticide (pes tə sīd) is a chemical that is 
used to kill animals or insects that damage 
plants or crops. Each of these 47 tree 
sections was also covered with mesh that 
kept out other insects (figure 13). 

The combination of applying pesticide 
and covering the logs with mesh was 
expected to keep all insects from reaching 
the protected wood sections. The scientists 
compared the protected wood sections with 

Figure 12. The scientists treated 
the ground with pesticide in 47 of 
the 187 areas. 
Photo by Terry Wagner, USDA Forest Service.

Figure 13. After being 
treated with pesticides, 
the tree sections in the 
47 areas were covered 
with mesh to keep out 
other insects.
Photo by Terry Wagner,  
USDA Forest Service.
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the experimental treatments. See “Thinking 
About Science” on page 11 for information 
about why scientists do these comparisons.

The remaining 140 tree sections were 
placed directly on the forest floor in one 
of the remaining identified sections. These 
tree sections were not covered with mesh, 
and the soil was not treated with pesticide. 
Therefore, these wood sections were 
exposed to termites and other insects such 
as beetles. 

After 1 month, 79 percent of the 140 
unprotected tree sections had been infested 
with termites. The remaining 21 percent 
had experienced no termite infestation. 
The scientists decided to move these 
non-infested tree sections to areas where 
the soil was treated with pesticide. The 
pesticide kept any termites from entering 
the wood. The scientists did not cover these 
tree sections with mesh. Without a mesh 
covering, beetles and other insects could 
enter the wood from all directions except 
from the ground.

Moving these non-infested tree sections to 
uncovered pesticide-treated areas enabled 

the scientists to start another comparison. 
The scientists were now able to compare the 
amount of termite wood consumption with 
the amount of consumption by other insect 
decomposers.

The scientists did not study 41 of the 
original 187 wood sections because of 
unexpected problems. For example, small 
beetles were able to move through the 
mesh that covered these sections. So, the 
scientists removed these 41 sections from 
the study. The scientists collected data from 
select wood sections every 4 months until 
the study was completed. You will see that 
the scientists completely used up each wood 
section as they collected data from it. The 
scientists randomly selected each wood 
section for data collection.

To collect data, the scientists cut each 
1-meter wood section into disks by using 
a band sawmill (see figure 8). Then they 
weighed the disks. This weight was called 
the wet weight, since the disks contained 
water. All living trees contain water, and the 
water evaporates slowly from a dead tree 
over time. To completely dry out the disks, 
the scientists placed them in an oven for 2 

How many unprotected tree sections had 

experienced no insect infestation after 1 month?
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days at 102 °C. After drying out the disks, 
the scientists weighed them again. This 
weight was called the dry weight. 

After the disks were dried, the scientists 
took digital images of each disk’s top and 
bottom. The areas that had insect damage 
were colored white (figure 14) using 
Photoshop® 7.0 (Adobe® Systems, San 
Jose, CA). Another software program 
was used to measure the amount of wood 
left and calculate the amount of damaged 
wood. The scientists also took digital 
images of damage caused by beetles in 

the partially protected wood sections 
(figure 15).

Termites carry soil into the galleries they 
create when they consume wood. The 
scientists did not want to include the soil 
weight with the dry weight of the disks. 
Therefore, the scientists cleaned the soil 
out of the disks with small dental tools 
(figure 16) and an air compressor. After 
32 months, the soil became harder to 
remove because so much of the wood was 
decomposing. 

Figure 14. The cut 
disk (A) and the 
digitally enhanced 
disk (B) show the 
termite galleries. 
Galleries are the 
areas left open as the 
wood is consumed.
Photo by Terry Wagner, USDA 
Forest Service.

Figure 15. A disk shows the 
galleries made by beetles from 
one of the partially protected 
wood sections. 
Photo by Terry Wagner, USDA Forest Service.
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To address the challenge of measuring 
decomposing wood, the scientists 
completely burned each remaining disk 
using a propane gas burner (figure 17). 
After burning each disk, the scientists 
divided the soil from the wood ash and 
weighed the soil. Then, they subtracted the 
soil weight from the total dry weight of the 
disk. This process gave the scientists the 
dry weight of the disks that had been filled 
with soil from termite activity. The dry 
weight did not include the soil.

After taking these measurements, the 
scientists knew the wet weight, the dry 
weight, and the percent of termite and 
insect damage in each of the disks cut from 
the wood sections. Only the measurements 
taken within the first 44 months were used. 
After 44 months, the unprotected wood was 
too decomposed to be accurately measured.

Figure 16. The scientists used dental 
tools to clean the soil out of the 
termite galleries. 
Photo by Babs McDonald,  
used with permission.

Figure 17. The scientists 
used a propane gas burner to 

completely burn what remained 
of the decomposing disks. 

Photo by Michael Ulyshen,  
USDA Forest Service.



The scientists in this  
study changed their  

research plan as a result of 
an unexpected occurrence. 

What are one advantage and 
one disadvantage of making 

changes to a research plan in 
the middle of the  

research?

In your own words,  
explain the three conditions 

the scientists compared. 
Remember that one of these 

conditions was a control.

One condition  
provided an opportunity to  

compare termite activity with 
other insect activity. In this 
condition, the wood section 
was placed on the pesticide-
treated soil. What could not 

be determined from this  
condition?

R
ef

le

ction Section
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Findings
A greater amount of wood was consumed 
in the unprotected wood sections than 
in the partially protected wood sections. 
After 2 years, beetles and other insects had 
consumed about 1.9 percent of the partially 
protected wood. The unprotected sections, 
which termites were able to reach, lost 
an average of 11.4 percent of their wood 
(figure 18). 

Look at figure 18. Over time, termites 
consumed more wood than beetles or other 
insects. The amount of mass lost in the 
wood sections over time, however, was 
about equal for all three conditions  
(figure 19). 

Figure 18. 
The percent 
of wood 
consumed 
in each of 
the three 
conditions. 
Illustration by 
Stephanie Pfeiffer.

Figure 19. 
The percent 
of mass loss 
in each of 
the three 
conditions. 
Illustration by 
Stephanie Pfeiffer.
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What is one possible 
explanation for a greater 

percentage of termite wood 
consumption, compared with 

beetles and other insects? Turn 
this possible explanation into  

a research question.

Microbes, such as bacteria  
and fungi, also contribute to downed 

wood decomposition. Do you think it is 
likely the microbes played a role in wood 

decomposition in this study?  
Why or why not?

Discussion
Although termites consumed more wood 
than beetles or other insects, the amount 
of mass lost was about equal for all three 
conditions. The scientists thought of a 
possible explanation for this finding. 
Termites tend to consume wood with 
less mass that is soft, light, and easy to 
consume. Termite consumption is easier to 
see than beetle or other insect consumption. 
However, termites may not be consuming 
more wood mass than these other organisms. 

Scientists know that some pesticides contain 
carbon and nitrogen. Carbon and nitrogen 
can provide food for microbes, such as fungi 
and bacteria. Microbes are also a source 
of decomposition in downed wood. The 

pesticide application in the fully protected 
and partially protected conditions, therefore, 
may have increased microbial activity. 
If microbial activity was increased by the 
pesticide, the scientists’ efforts to determine 
how insects affect wood mass loss may have 
been less accurate.

Although much is known about the 
damage termites cause in homes and other 
wooden buildings, scientists know little 
about termites living in forests. This study 
was one of the first experiments measuring 
the contribution of termites to downed 
wood decomposition in the Southeastern 
United States. 
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Termites are  
considered an unwanted 

insect in homes. After reading 
this article, what can you say 

that is positive about  
termites living in forest 

environments?

Look at figures 14 and 15. What is  
another way scientists might compare the 

contributions of termites and beetles to  
downed wood decomposition?

Article adapted from Ulyshen, M.D.; Wagner, T.L.; Mulrooney, J.E. 2014. Contrasting effects of insect exclusion on wood loss in a 
temperate forest. Ecosphere. 5(4): 1-15. http://www.srs.fs.usda.gov/pubs/ja/2014/ja_2014_ulyshen_001.pdf

R
ef
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ction Section



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

air compressor (er com pre sər): A device 
that converts power (such as electrical or 
diesel power) into another form of energy 
using compressed (or pressurized) air. 
Automobile tires, for example, are filled 
using an air compressor.

caste (kast): A specialized form (as the 
worker of an ant or bee) of a social insect 
that carries out a particular function in the 
colony.

cellulose (sel yə lōs): A substance that is 
the main part of the cell walls of plants.

consume (kən süm): To use.

control (kən trōl): An item or condition 
used for comparison when checking the 
results of an experiment. 

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

infest (in fest): To spread or swarm in or 
over in a troublesome manner.

infestation (in fes tā shən): The state of 
being infested or overrun.

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

mass (mas): The amount of matter in an 
object. On a different planet, for example, 
an object’s weight will change, but its mass 
will be the same.

mature (mə tür): Fully developed or fully 
grown.

microbe (mī krōb): A very tiny living 
thing that can only be seen with a 
microscope.

microbial (mī krō bēəl): Of, involving, 
caused by, or being microbes.

organism (ȯr gə ni zəm): Any living thing.

prescribed fire (pri skrīb(d) fīr): Human 
use of fire under certain weather conditions 
as a forest or rangeland 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.

remote (ri mōt): Far away or secluded. 

subterranean (səb tə rā nēən): Located or 
living under the surface of the ground.

temperate (təm p(ə)rət): Having 
temperatures that are not too hot or too 
cold.

tropical (trä pi kəl): Of, in, or like the 
tropics, a region of Earth near the equator.

Glossary

Marks and definitions are from 
http://www.merriam-webster.com. 
Accented syllables are in bold.  
Definitions are limited to the 
definition used in the article.
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FACTivity
Time Needed

• One class period

Materials (for each student or group of students)
Note: Using the play dough and the scale are optional in this FACTivity.

• Ruler (inches or centimeters)
• Plastic knife
• 5 ounces of play dough (Play-Doh™ or homemade play dough)
• Letter scale (ounces) (may be shared by all groups)
• Log sheet on page 30

The question you will answer in this FACTivity is: How do forest termites 
contribute to the carbon cycle? 

Background Information
Carbon is an element found in all of Earth’s living things. All living things 
need carbon to survive. For example, about 18.5 percent of your body is 
made up of carbon. Carbon is also found in nonliving things such as rocks, 
animal shells, oceans, and the atmosphere. Earth has a limited amount of 
carbon. Because of this, carbon must be cycled and reused. To see how the 
carbon cycle works, review figure 3 on page 14.

Trees are living things, and therefore contain carbon. When trees are alive, 
they also contain water. Water is taken up by tree roots and transported 
throughout the tree. Scientists at the University of Nebraska estimated that 
27.5 percent of an average living tree’s weight is made up of moisture. 
(Compare this with your own body, which contains up to 60 percent water!) 
After a tree dies, it gradually dries out. Scientists estimate that about 50 
percent of a tree’s dry weight is carbon.
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Methods
1. Create groups of 2-4 students.
2.  Your team will construct a play dough log. Your log should be either: 10 

centimeters (cm) long and 4 cm in diameter, or 4 inches (in.) long and 1.5 
in. in diameter. Make sure that your log is the same diameter across its 
entire length.

3.  Your play dough log represents a part of a tree that has recently fallen in 
a forest. As a scientist, you have cut your log to its current length in order 
to conduct this experiment. Weigh your log using the scale and record its 
weight on your log sheet. This number is your log’s wet weight. (Note: If 
you do not have access to a scale, use the following weights: 10 cm long 
= 5 ounces; 4 in. long = 5 ounces.)

4.  Now, calculate your log’s dry weight. To do this, subtract 27.5 percent 
from 100 percent. Multiply the value you just found by your log’s wet 
weight to find its dry weight. Record the dry weight on your log sheet.
100 percent – 27.5 percent = _____ percent
_____ percent x wet weight of log = Dry weight of log

5.  Multiply your log’s dry weight by 50 percent to find how much of your log’s 
weight is made of carbon. Record the carbon weight on your log sheet.
Dry weight of log x 50 percent = ______

6.  As a scientist, you want to measure how much of your log’s carbon will be 
eaten by termites over the next 5 years. Pretend that you have left your 
log in the forest for 5 years, and have just returned to figure out how much 
of the log’s carbon has been eaten by termites.

7.  In this study, the scientists found that up to 20 percent of each log was 
eaten by termites within 5 years. You discover that 20 percent of your log 
has been eaten by termites. How many centimeters or inches are equal to 
20 percent? Calculate the length of 20 percent of your log by multiplying 
the original length of your log by 20 percent.
Original log length x 20 percent = ______

8.  In the previous calculation, you figured out the amount of your log that 
has been eaten by termites. Measure that amount with the ruler and use 
the plastic knife to cut off 20 percent of your log’s length. The amount lost 
represents the amount of your log eaten by termites.
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9.  Now you must calculate the amount of the log’s carbon that has been 
eaten by termites. First, multiply your log’s dry original dry weight by 20 
percent. This value is the dry weight of the portion of the log eaten by 
termites.
Original dry weight of log x 20 percent = _____

10.  Multiply the dry weight of the part of the log eaten by termites by 50 
percent. This number is the weight of carbon that was eaten by termites.

 Dry weight of part of log eaten by termites x 50 percent = _____
11.  Record these numbers on your log sheet. Compare these amounts. 

Note how much carbon was eaten by termites. This carbon is no longer 
in your log.

12.  Think about what you learned about in this article, as well as about what 
you know about all living organisms. Some amount of carbon has been 
transformed, moving from a once-living tree to termites. The carbon will 
then be transferred from the termites to other places in the environment. 
Examine the carbon cycle illustration on page 14. Your teacher will lead 
a class discussion about where the carbon eaten by termites might go. 
At the conclusion of your discussion, answer the question posed at the 
beginning of the FACTivity.

Item measured (unit of measurement)

Log wet weight (ounces)

Log dry weight (ounces)

Amount of carbon in original log (ounces)

Length of log after 5 years (centimeters or inches)

Dry weight of eaten log (ounces)

Weight of carbon eaten by termites (ounces)

LOG SHEET
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Web Resources
United States Department of Energy: The Termite Gut
http://www.genomicscience.energy.gov/education/termite.pdf

The University of Michigan: Biokids: Isoptera
http://www.biokids.umich.edu/critters/Isoptera/

Wisconsin Department of Natural Resources Activity: Nature Recycles Too
http://dnr.wi.gov/org/caer/ce/eek/teacher/wee/weerecyclers/Act%2032-36%20
Nature%20Recycles.pdf

Society for Science and the Public: Recycling the Dead
https://student.societyforscience.org/article/recycling-dead

U.S. Environmental Protection Agency: Termites: Identify and Control Them
http://www.epa.gov/pesticides/controlling/termite.html

Natural Inquirer Connections
You may want to reference this Natural Inquirer article for additional 
information and FACTivities:

•  For more information on forest insects, read “aPods Rule!”  
in the Natural Inquirer Wildland Fire 2 edition. 

This article, 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,” “The Fallen 
Log,” “Nature’s Recyclers,” “Tepee Talk,” or “Paper 
Civilizations” as additional resources.
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TIME WARP 1978

Termites have been a concern to scientists in the Southeastern United 
States for many years. Termites are common across the Southeastern 
United States because of the area’s warm climate. As you read in the 
“Chew on This!” introduction, termites are commonly known for their 
negative impact on buildings. Termites and beetles are often found 
living in and feeding on the wood used for buildings.

In 1978, Forest Service scientists Lonnie Williams and Richard V.  
Smythe were interested in the cost of termites and beetles to 
homeowners. The scientists wanted to know: What are the costs 
to homeowners of managing termites and beetles across 11 
Southeastern States (figure 20)?

Introduction

Figure 20. The scientists focused on the costs of termites and beetles 
to homeowners in 11 Southeastern States. 
Map by Carey Burda.



In 1978, the “Time Warp” scientists knew that 
homeowners used two methods to manage termites 

and beetles. The two methods were control or 
prevention (figure 21). 

The control method is an action that limits termite populations or 
termite damage after an infestation has been found in a building. 
Control can include spraying a pesticide to kill the termites or replacing 
damaged wood in a house. The second method for homeowners is 
the prevention method. Prevention includes actions that stop termites 
before the insects have been found in a building. Beetles could only be 
managed using control methods. 

The scientists collected data from Arkansas, Georgia, and Tennessee. 
The data showed how many homeowners used either the control or 

Figure 21. Termites and beetles can be managed by the 
control method or the prevention method. Both methods often 
require a professional to use chemicals. 
Photo by Oxford, via http://www.istockphoto.com.
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Methods
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                     . . .
Reflect and Connect
The scientists in “Time Warp” and “Chew on 
This!” used different methods because they were 
involved in different types of science. How are the 
research methods different between the studies? 
Which methods do you think you would enjoy 
doing? Why? 

the prevention methods. Then the scientists used data from the United 
States Government to determine the total number of homes in each of 
the 11 Southeastern States. Using the two sets of data, the scientists 
estimated the number of homeowners in each of the 11 States who  
used either control or prevention methods.

The scientists calculated the overall costs to homeowners in the 11 
Southeastern States. The cost of each method was multiplied by the 
estimated number of homeowners who used each method.

An estimated 16,000,000 homeowners in the 
Southeastern States used control or prevention 
methods for termites and beetles in 1970. These 

homeowners spent an estimated $143,155,000 to manage 
termites and beetles (figure 22). While this may seem like a lot, these 
costs are equal to less than 0.1 percent of the total value of homes 
within the 11 Southeastern States.

The scientists found that termite control was more common than 
termite prevention. However, homeowners began using more termite 
prevention methods over time.

Findings



Termite Control,
Prevention, and

Other Costs
91%

Beetle Control
9%

Total Cost to
Homeowners
$143,155,000

Figure 22. In this study, termite control 
and prevention of termites accounted 
for most of the costs to homeowners. 
Beetle control accounted for about 
9 percent of the estimated costs to 
homeowners. 
Illustration by Stephanie Pfeiffer and Leslie Shaw.

The “Time Warp” scientists concluded that the 
prevention methods were most effective in reducing 
termite damage to homes. Prevention methods were 

effective because they managed termites before an 
infestation occurred. However, prevention methods 
cost more, and as a result, were less likely to be used. 

Control methods, on the other hand, must be repeated often 
to manage the termites. The scientists believed that it cost more for 
homeowners to repeat the control methods over time.

The scientists suggested that prevention methods will become more 
popular and will lower overall costs to homeowners. Additionally, the 
scientists believed that changes in the way homes are built could help 
homeowners with termite and beetle problems.

What Has Happened Since This Research Was Done? 

Since this research was completed in 1978, many States have created 
laws regarding termite management. Each State’s laws are different in 
part because States are affected differently by termite problems. 

Scientists and engineers have worked on creating building materials that 
are more resistant to termites and beetles. Some new types of building 

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

Article adapted from Williams, L.H.; Smythe, R.V. 1979. Estimated losses caused by wood products insects during 1970 for 
single-family dwellings in 11 southern states. Res. Pap. SO-145. New Orleans, LA: U.S. Department of Agriculture, Forest 
Service, Southern Forest Experiment Station. 16 p.

Figure 23. Many wood building 
materials are available at your local 
stores. Some of these materials may 
contain a combination of wood and 
other building materials, such as plastic 
or glass. The USDA Forest Service 
helps research these products at the 
Forest Products Laboratory. 
Photo by Brian Cooke.

materials look like wood but may include other materials (figure 23). 
New chemicals have also been used to discourage termites and 
beetles. 

Forest Service research about termites and beetles has also changed 
since this research was completed. Scientists, like the “Chew on This!” 
scientists, are learning more about the role of termites and beetles in 
forests. Scientists are increasing our understanding of these insects’ 
importance to healthy forests.
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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 24). 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. Over 30 of 
the areas were established at least 70 
years ago. In some cases, experiments 
are designed to last 40 or more years. 

Figure 24. 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)

Harrison Experimental Forest 
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Scientists conduct a range of studies 
on EFRs. These studies often help 
forest managers across an entire 
region. Harrison Experimental Forest is 
located on the DeSoto National Forest 
in Mississippi (figure 25). In 1934, the 
Forest Service established Harrison 
Experimental Forest because its land 
was typical of the South’s coastal forests. 
Information learned from research 
conducted on Harrison Experimental 
Forest, therefore, can be applied 
throughout the coastal South.

In 1956, the Southern Institute of Forest 
Genetics (jə nə tiks) was established on 
Harrison Experimental Forest. Genetics 
is the study of how genes control the 
characteristics of plants and animals. 
Genetics research has helped scientists 
to understand, for example, which tree 
species are most resistant to disease 
and insects or which trees grow the 
fastest.

In 1961, scientists began to compare 
the growth of three pine species. The 
scientists fertilized young loblolly, 
slash, and longleaf pines. In 1999, the 
scientists observed and measured the 
trees. The scientists discovered that 
longleaf pine, while it grew more slowly 
at first, produced more wood than the 
other two species after 38 years (figures 
26a and 26b).

Hurricane Katrina moved through 
Harrison Experimental Forest in 2005. 
Using observations recorded in 1999 
before the hurricane, the scientists could 
examine how the hurricane damaged 
trees. The scientists found that loblolly 
pines were more damaged by the 
hurricane than slash or longleaf pines. 

More recently, scientists working at 
Harrison Experimental Forest have 
begun to study how much carbon is 
being held by the three pine species. 

Mississippi

De Soto 
National Forest

Harrison 
Experimental Forest

Figure 25. Harrison Experimental Forest includes 4,111 acres of southern 
coastal forests. Map by Carey Burda.  
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Figure 26a. This photo taken in 1968 
shows the longleaf pine first planted 
in 1961 for the genetics research on 
Harrison Experimental Forest.
Photo by Robert Doudrick, USDA Forest Service, and courtesy 
of the University of Southern Mississippi, Harrison Experimental 
Forest Collection, digilib.usm.edu.

Figure 26b. Today, the longleaf 
pine may look like the forest 

shown here. 
Photo courtesy of USDA Forest Service.

All trees contain carbon. By holding 
carbon, living trees help to reduce 
the effects of climate change. The 
scientists planted seeds from the trees 
planted in 1961. The scientists are now 
comparing these trees with trees grown 
from genetically improved seeds. The 
scientists are studying the relationships 
among different genes, tree species, 
forest management, and the amount of 
carbon being held by these trees. With 
such information, forest managers can 
do the best job of protecting southern 
coastal forests as the climate changes. 

Experimental forests and ranges 
enable scientists to study questions 
across many years. To learn more 
about all experimental forests and 
ranges, visit http://www.fs.fed.us/
research/efr/. Harrison Experimental 
Forest is enabling scientists to study 
trees that live in the coastal South. 
For more information about Harrison 
Experimental Forest, visit http://www.
srs.fs.usda.gov/locations/forests/index.
php#harrison and http://www.srs.
fs.usda.gov/compass/2015/10/08/the-
harrison-experimental-forest/.
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CHEW ON THIS!
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” beside the pair. 

Consume 
 Use  

Temperate 
 Tropical  

Mature
 Immature 

Control  
 Manage

Calculation
 Estimation 

Hypothetical 
 Real 

Remote 
 Nearby

Decompose
 Grow

Infested
 Empty

Preventative
 Protective

Quantity
 Mass

Method
 Technique

Accumulate
 Disperse

Underground
 Subterranean
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CHEW ON THIS!
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, then 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 
website (http://www.naturalinquirer.org).
National Science Education Standards Addressed in This Article

• Abilities Necessary to Do Scientific Inquiry
• Understandings About Scientific Inquiry
• 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
• Time, Continuity, and Change
• People, Places, and Environments
• Individuals, Groups, and Institutions
• Science, Technology, and Society

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
Physical Science: PS1.A Structure and Properties of Matter; PS2.B Types of Interactions
Life Science: LS1.A Structure and Function; LS1.B Growth and Development of Organisms; LS1.C Organization for 
Matter and Energy Flow in Organisms; LS2.A Interdependent Relationships in Ecosystems; LS2.B Cycle of Matter 
and Energy Transfer in Ecosystems 
Earth and Space Science: ESS2.C The Roles of Water in Earth’s Surface Processes; ESS3.A Natural Resources; 
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

• Crosscutting Concepts
Patterns
Cause and Effect: Mechanism and Prediction
Scale, Proportion, and Quantity
Systems and Systems Models
Structure and Function
Stability and Change
Connections to Nature of Science
Connection to Engineering, Technology, and Applications of Science
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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 United States 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 https://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 https://www.nrs.fs.fed.us/

What Is the Southern Research Station? 
The Southern Research Station (SRS) is part of USDA Forest Service Research and Development. Headquartered in Asheville, North Carolina, 
SRS serves 13 Southern States and beyond. Its staff of 130 scientists is organized into Research Work Units, with science technicians and other 
support personnel who work at various locations throughout the region: Federal laboratories, universities, and experimental forests.

Since the beginning of the 20th century, SRS researchers have excelled in studies on temperate and tropical forests, forest resources, and 
forest products. These studies provide a wealth of long-term datasets and conclusions on the dynamics of tree plantations and natural stands, 
watersheds, and wildlife habitats.  
For more information, visit: https://www.srs.fs.usda.gov/

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. Their projects include the following:

• Campground and recreation area management
• Educational programs and services, including 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 https://www.cfaia.org
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