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Introduction 

 

  
 Welcome to Fire Ecology on the Rim! We hope this program will introduce 
students to the basics of fire ecology and also give them valuable field experience. There 
are many ways to use the materials in this program, such as a stand-alone teaching unit 
in a classroom or as part of a Grand Canyon filed trip. Feel free to pick and choose what 
works best for you! 
 
 The Table of Contents is divided into three parts. Part One: Background 
Information offers some information and activities to help introduce fire ecology. Part 
Two: Field Experience outlines field monitoring protocols to be used at Grand Canyon 
National Park. Part Three: Conclusion offers ways to analyze field data and further 
learning about fire ecology. 
 
 Part One: Background Information is broken into three sections: Introduction, 
Fire Basics, and Fire Ecology at Grand Canyon National Park. Within these sections are 
documents containing background information on important fire ecology topics, as well 
as activities that support learning about these topics. The activities should not be used 
in isolation, but rather after a specific topic has been introduced.  
 
 Part Two: Field Experience should be preceded by background information 
about fire. Within this section are activities designed to introduce tools used by the fire 
trade. Also in this section are field protocols modeled after those used by Grand Canyon 
National Park fire monitors. The data collected by students using these protocols may 
be given to Park resource managers, so it is important to follow the protocols as closely 
as possible. Data sheets for each protocol are included in this section. 
 
 Part Three: Conclusion includes worksheets for field data analysis and other 
wrap-up activities. Also in this section are review activities such as games. 
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Introduction 

Why Study Fire? 

Introduction 
 

Introduction 
 

This program will focus on studying the chemical reaction of fire, fire behavior, 
ŀƴŘ ŦƛǊŜΩǎ ŜŦŦŜŎǘǎ ƻƴ ǘƘŜ ƭŀƴŘǎŎŀǇŜΦ ¢ƘŜ Ǝƻŀƭ ƛǎ ǘƻ ŜƴŎƻǳǊŀƎŜ ǇǳōƭƛŎ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ ǘƘŜ 
potential benefits of fire. Many people think that fire can only bring about negative 
consequences, but often it can bring about good and desirable effects!  

 
For example, the goal of many prescribed burns is to remove excess fuels that 

have built up on the forest floor after years of suppressing wildland fires. By studying 
the amount of fuel available to burn before a fire, then re-measuring the amount of fuel 
left in that area after a fire, monitors can assess whether the goal of fuel reduction has 
been met. Other goals that fire can meet include:  

 Controlling insect pests  

 Controlling invasive (non-native) species  

 Replenishing soil nutrients by spreading ashes of burned plant matter 

 Opening up the forest floor so native grasses and flowers can grow 

 Helping fire-dependent species grow 

 Improving wildlife habitat 
 

Fire monitors are some of the people who study fire. By studying fire, fire 
monitors can come closer to understanding what types of environmental factors bring 
ŀōƻǳǘ ΨƎƻƻŘΩ ŦƛǊŜǎΣ ŀƴŘ ǿƘŀǘ ǘȅǇŜǎ ōǊƛƴƎ ŀōƻǳǘ ǳƴŘŜǎƛǊŀōƭŜ ŦƛǊŜǎΦ {ƻƳŜ ŜƴǾƛǊƻƴƳŜƴǘŀƭ 
factors that fire monitors study in relation to fire are: 

 Wind speeds 

 Temperatures 

 Relative Humidity 

 Topography 

 Types of fuels (plant material) available to burn 
 

For example, fire monitors might take wind speed measurements and then 
observe how a fire burns. In the future, that observation data can help fire planners 
know when conditions are desirable to light a prescribed fire, or when it is desirable to 
suppress a wildland fire.  

 
Fire is a natural phenomenon that cannot be completely controlled. But, that 

ŘƻŜǎƴΩǘ ƳŜŀƴ ǿŜ ǎƘƻǳƭŘ ǎǘƻǇ ǘǊȅƛƴƎ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ƛǘΦ ¢Ƙƛǎ ǇǊƻƎǊŀƳ ǎƘƻǳƭŘ ƻŦŦŜǊ ǎƻƳŜ 
tools to help you better understand fire and to pass that understanding on to others.  
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Introduction 

Fire History at Grand Canyon National Park 

Introduction 

Historically, low intensity surface fires have swept across arid Southwest forests. 
Analysis of fire scars on trees and on the landscape shows that such fires were occurring 
at least hundreds of years ago, if not thousands. Before European settlers arrived in the 
Southwest, Native American populations used fire for land management (for example, 
to create bison grazing land) but did not create dramatic landscape-level change with 
fire. Tree scars show that in ponderosa forests, the fire interval was between 5-10 years, 
meaning that low intensity fires would occur often. 

When European settlers began coming to the Colorado Plateau in the late 1800s 
and early 1900s, drastic changes started to take place. New settlers in the region 
thought of fire as a force of evil on the land and people, and did not realize its ecological 
benefits. The United States Forest Service and other land management agencies decided 
in the early 1900s that fire suppression was the best policy to adopt, and soon the Ten 
ƻΩŎƭƻŎƪ rule was applied to public lands. This policy stated that every fire, naturally 
ignited or not, must be extinguished by 10 A.M. the following day. This policy caused a 
huge amount of land to go unburned. During this time, forest land was also being logged 
and used for cattle grazing. Both activities, coupled with the absence of fire, lead to 
striking landscape changes in the Grand Canyon region. In some cases, land once 
forested became grasslands and desert. In others, land became overloaded with fuels 
historically cleaned out by surface fires. 

  In the 1930s, some ecologists realized that, along with other activities, 
ǎǳǇǇǊŜǎǎƛƴƎ ŦƛǊŜ ŎƻǳƭŘ ǇƻǘŜƴǘƛŀƭƭȅ ōŜ ŎƘŀƴƎƛƴƎ ŦƻǊŜǎǘǎ ŦƻǊ ǘƘŜ ǿƻǊǎŜΦ IƻǿŜǾŜǊΣ ƛǘ ǿŀǎƴΩǘ 
until the late 1960s that fire management policy began to reflect that realization. At that 
point, forests were so overloaded with fuels that instead of low surface fires, stand-
replacement crown fires were beginning to happen more often. Crown fires can be 
landscape-changing events, especially in the ponderosa pine forests of Grand Canyon. A 
very large fire can kill trees instead of restoring small trees and woody debris to more natural 
levels.  

Although today fire planners in the park now use prescribed fire to help remove 
excess plant matter from forest floors (such as pine needles, shrubs, and downed logs), 
years of suppression are still obvious in forests that are overloaded with small trees and 

woody debris historically burned and kept at low levels by surface fires. 
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Fire Basics 

What is Fire? 

Fire Basics 

Fire is a chemical reaction between fuel and oxygen. Heat is necessary to ignite 
the reaction. Once a fire has been started, it creates enough heat as a by-product to 
keep igniting new fuels. 

In nature, fuels can be pre-heated by the sun. This can make them more likely to 
ignite, either by human error (like a dropped cigarette or unattended campfire), or by 
lightning. Fuels themselves are abundant, especially in forests that have not burned in 
recent years. Oxygen is, of course, readily available in the air. The air we breathe has 
about 21% oxygen in it. 
 
.ǳǊƴŀōƭŜ ǘƘƛƴƎǎ ŀǊŜ ŀƭƭ ŀǊƻǳƴŘ ǳǎΦ ²Ƙȅ ƛǎƴΩǘ ƳƻǊŜ ǎǘǳŦŦ ƻƴ ŦƛǊŜΚ 
  
 Take a look at the fire triangle. It shows the three necessary components for 
ŦƛǊŜΩǎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴΥ hȄȅƎŜƴΣ IŜŀǘΣ ŀƴŘ CǳŜƭΦ LŦ ȅƻǳ ǘŀƪŜ ŀǿŀȅ ƻƴŜ ƻŦ ǘƘŜ ǘƘǊŜŜ ƭŜƎǎ 
of the triangle, it collapses; likewise, if you take away one of the three components of 
ŦƛǊŜΣ ƛǘ ŎŀƴΩǘ ǎǳǊǾƛǾŜΦ hŦǘŜƴ ŀƭƭ ǘƘŀǘΩǎ Ƴƛǎǎƛƴg from the equation is heat! Even so, without 
all three there is no fire. 
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Fire Basics 

Fireõs Chemical Reaction 

Fire Basics 

CƛǊŜΩǎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ ƭƻƻƪǎ ƭƛƪŜ ǘƘƛǎΥ 
 

C6H 12O6   +   6O2   +   Heat (ignition source) 

          Ć 
6CO2   +   6H2O   +   Heat   +   Light  

Simplified, it looks like this: 
 

Carbohydrate   +   Oxygen   +   Heat 

Ć 
Carbon dioxide   +   Water Vapor   +   Heat   +   Light  

 
Where carbohydrate is fuel.  
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Fire Basics 

The Fire Triangle 

Fire Basics 
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Fire Basics 

Fire Behavior: Weather, Fuels, and Topography 

Fire Basics 

When fire monitors study fire behavior, they observe three key environmental factors: 

 Weather 

 Fuel 

 Topography 
 
 
Weather  
 Fire monitors measure certain weather conditions to predict how a fire might 
behave. Specifically, monitors measure wind speed, temperature, precipitation, and 
relative humidity.  

 

 Wind speed is a very important factor in fire monitoring. Wind can spread 
fire by blowing flaming material to new fuel. Wind can dry fuels and 
prime them for igniting. Wind also brings fresh supplies of oxygen to fire, 
at the same time feeding it and spreading it.  

 

 The ambient temperature will determine how quickly fuels ignite. Hot 
temperatures indicate a high level of solar radiation, which can heat fuels 
and prime them for igniting more quickly. 

 

 Knowing whether precipitation is in the forecast can help fire monitors 
decide when to allow burning and when to suppress it. 

 

 Measuring relative humidity tells fire monitors the amount of moisture in 
the air. Higher air moisture levels can dampen fuels. Therefore, a fire on a 
day with high relative humidity might spread more slowly, because fuels 
need to dry out to ignite. Likewise, fires may burn less intensely at night: 
ōŜŎŀǳǎŜ ǘƘŜ ǎǳƴ ƛǎƴΩǘ ƘŜŀǘƛƴƎ ǘƘŜ ŀƛǊΣ ǊŜƭŀǘƛǾŜ ƘǳƳƛŘƛǘȅ ƛǎ ƻŦǘŜƴ ƘƛƎƘŜǊ 
then. 

 
Grand Canyon National Park is very dry for most of the year with low relative 

humidity. It is also warm for much of the fire season, which runs from spring to fall. The 
tŀǊƪΩǎ ƘƛƎƘ ŜƭŜǾŀǘƛƻƴ ƳŜŀƴǎ ǘƘŜ ǎǳƴΩǎ Ǌŀȅǎ ŀǊŜ ǎǘǊƻƴƎŜǊΣ ǿƘƛŎƘ ƛƴ ǘǳǊƴ ƳŀƪŜǎ ŦǳŜƭǎ Ƙƻǘǘer 
and drier. Heavy storms during spring and summer bring lots of lightning and sometimes 
virga, which is rain that falls but does not reach the ground (and still brings lightning 
strikes). The Colorado Plateau receives the most lightning strikes per square mile of any 
place on earth. Under these conditions, lightning strike ignition can be common.  
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Fire Behavior: Weather, Fuels, and Topography 

Fire Basics 

Fuel 
Fuel refers to burnable materials. In a forest setting, fuels are anything from duff 

(partially decomposed organic matter) and surface litter (fallen leaves, needles, 
pinecones) to full trees. Fuels can be classified by size, and also as dead or living. Some 
fuel characteristics that can influence fire behavior are: 

 Fuel loading- the amount of burnable material. 

 Fuel distribution- how fuels are situated on the ground (that is, are they 
clumped? Are they mostly aerial fuels or ground fuels?) 

 Fuel moisture- how much water is in the fuel (recorded as a percent of 
the total water a fuel could hold) 

 Fuel size and shape- for example, small, flat fuels dry out faster and ignite 
more readily than large, round fuels 

Many things can influence how a fuel will burn. Moisture has a big affect, 
because wetter fuels must first dry out in order to ignite. This is why dead fuels burn 
faster than live ones. Density also helps determine how fuels will burn. Fuels that are 
close together will more easily catch fire than those separated by swaths of unburnable 
material, such as rocks. 

Though ponderosa pine is well adapted to frequent fires, snags (standing dead 
trees) and young pines can act as ladder fuels and ignite ponderosa crowns. In a surface 
ŦƛǊŜΣ ŦƭŀƳŜǎ ŘƻƴΩǘ ŦǊŜǉǳŜƴǘƭȅ reach the height of many ponderosa needles, but a shorter 
tree or dead tree can act as a ladder by bringing the flames up to the needles of other 
trees. 

 
Types of Fuel: 

Surface Fuels 

 Needles or leaves 
 Grass 
 Small dead wood 
 Downed logs 
 Stumps 
 Low shrubs  
Ladder fuels  

Anything that provides a pathway to the canopy- for example, young 
trees  

Aerial Fuels 
 Tree branches and crowns 
 Snag
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Fire Behavior: Weather, Fuels, and Topography 

Fire Basics 

Topography 
Topography describes land shape. It can include descriptions of:  

 Elevation- height above sea level. 

 Slope- steepness of the land. 

 Aspect- the direction a slope faces (e.g., the south side of canyon has a 
north-facing slope). 

 Features- such as canyons, valleys, rivers, etc. 
 
Grand Canyon National Park is characterized by the high elevations of the 

Colorado Plateau, the Canyon itself, and the rolling elevation changes that happen along 
the rim. These topographical features can help or hinder the spread of fire. For example, 
the canyon acts as a great natural fire break. If a fire burned up to the rim, it could fall 
down into the canyon a ways but then it would probably put itself out. Why? There are 
hardly any good fuels below the rim. This lack of fuel and wide gap of open space keeps 
fires from rim-hopping. Drainages and other rocky areas with little vegetation can act as 
fire breaks, as well.  

Beyond the shape of the land, it is also important to consider elevation, slope, 
and aspect. Elevation and aspect can determine how hot and dry a given area will be 
(for example, higher elevations will be drier but colder than low ones, and a north-facing 
slope will be slower to heat up or dry out).  

Slope can determine how quickly a fire will move up or down hills. For example, 
if a fire ignites at the bottom of a steep slope, it will spread much more quickly upwards 
because it can pre-heat the upcoming fuels with rising hot air, and upward drafts are 
more likely to create spot fires.  
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Fire Basics 

How Fire Burns 

Fire Basics 

Here are two ways fires commonly burn at Grand Canyon: 
 
Surface fires have visible flames and ignite leaf litter, downed wood, and other ground 
level fuels.  
 

 
 
 
Crown fires have visible flames and burn through the top layer of foliage on a tree (its 
canopy, or crown).                         
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Activity: Weather and Fuels 

Fire Basics 

 

 

 

 

 

            

            

            

            

            

            

            

            

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Students will watch a demonstration and make 
suggestions on how to break the fire triangle. Then 
they will conduct a weather and fuels observation 
activity.  
 

Students will identify the three components of the fire 
triangle. They will learn what weather observations 
fire monitors make, and how weather and fuels 
influence fire behavior. 
 

o One non-flammable bucket per group 
o Selection of plant material (a few handfuls of 

each type):  
o dead, dry pine needles, dry small twigs 
o green pine needles and fresh, green 

small twigs 
o semi-burned materials 

o Box of kitchen matches 
o Weather monitoring equipment:  

o sling psychrometer 
o anemometer 

o Stopwatch  
o Water in spray bottle 
o Non-flammable small hand trowel or other tool 
o Non-flammable cover for pan that will block 

out oxygen 
o Rag or old towel for drying 
o Extra pan or bucket for used plant material 
o Fire Triangle Graphic 
o Chemical Reaction Graphic 
o Safety equipment (glasses, mitts, fire 

extinguisher) 
o Journals, clipboards, and pencils 

 
1.5 Hours 
 

 

 

 

 

 

 

 

ΧΧΧΧΧΧΧΧ 
Lesson Overview 
 
 

ΧΧΧΧΧΧΧΧ 
Lesson Objectives 
 
 

ΧΧΧΧΧΧΧΧ 
Materials 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ΧΧΧΧΧΧΧΧ 
Activity Length  
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Fire Basics 

Activity: Weather and Fuels 

Fire Basics 

ΧΧΧΧΧΧΧΧ 
Procedure 
 
WARNING: This lesson requires igniting plant material under controlled conditions. 
Please conduct this lesson outside in a non-flammable area (such as a large patch of 
pavement away from dry plant material). Also, a CLASS-A FIRE EXTINGUISHER and 
PROPER ADULT SUPERVISION must be present during this lesson. 
 
Fire Triangle Demonstration: 
1. Introduce the fire triangle by asking students: What needs to be present for a fire 
to occur? Use the Fire Triangle Graphic to reinforce.  
 
нΦ LƴǘǊƻŘǳŎŜ ŦƛǊŜΩǎ ŎƘŜƳƛŎŀƭ ǊŜŀŎǘƛƻƴ- use the Chemical Reaction Graphic and relate it 
to the fire triangle. (Each component of the fire triangle is present in the chemical 
equation.) 
 
3. Discussion questions:  
a. What can be a source of fuel in a wildfire or prescribed fire? (plant material) What 
can be a source of heat? (lightning, sun)  
ōΦ ²ƘŜǊŜ ƛǎ ǘƘŜ ƻȄȅƎŜƴ ŎƻƳƛƴƎ ŦǊƻƳΚ όƛǘΩǎ ŀƭƭ ŀǊƻǳƴŘύ 
 
4. If not already outside, move to a safe location for this activity. Review fire safety 
with class. Confirm that weather conditions are appropriate to continue the lab. 
 
5. Set up a pan so students can see inside of it. Place two handfuls of dead, dry plant 
material into the bucket and spread it out slightly so it is not in one big pile. Have the 
cover, spray bottle, and trowel ready. 
 
6. Either you or a volunteer can ignite the fuel in one corner of the tray. Whoever is 
igniting should be wearing safety equipment. Once the flame is established, ask 
students how the fire triangle can be broken to put this fire out. The first guess 
might be to spray it with water, to which you could respond:  
Question: We all know that water puts out fire, but how does water break the fire 
triangle? (removes oxygen, removes heat) 
 
7. Once it is completely extinguished, move the burnt plant material into the extra 
pan or bucket. If water was sprayed in the pan, dry it out. Repeat this procedure 
until all of the tools have been used.
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Fire Basics 

Activity: Weather and Fuels 

Fire Basics 

Question: How does covering a flame break the fire triangle? (removes oxygen) 
Question: Iƻǿ ŘƻŜǎ ǎǇǊŜŀŘƛƴƎ ƻǳǘ ǘƘŜ Ǉƭŀƴǘ ƳŀǘŜǊƛŀƭκƳŀƪƛƴƎ ŀ άŦƛǊŜ ƭƛƴŜέ ōǊŜŀƪ ǘƘŜ 
fire triangle? (removes fuels) 
 
Group Activity: 
1. Divide class into four groups. Pass out the materials as follows: 

 Group one: a bucket with two handfuls of dry fuels 

 Group two: a bucket with two handfuls of green fuels 

 Group three: a bucket with one handful of green fuels and one handful of dry 
fuels 

 Group four: a bucket with one handful of dry fuels and one handful of leftover 
semi-burnt fuels from the other groups.  

The fuels should be spread out slightly in the bucket so they form a continuous mat 
(no fuel breaks) but are not clumped. Each group will need their weather monitoring 
tools and journals and pencils. Have the kitchen matches and stopwatch ready. 
 
2. Have each group spend a few minutes taking weather observations and recording 
them in their journal. 
 
3. Ask students to individually complete the hypothesis section using the weather 
information they have gathered.  
 
4. Have groups set up their bucket so that everyone in the class can see it.  
 
5. Have the stopwatch ready: ask the first group to ignite their fuels starting in the 
center of the pile (to keep the conditions controlled). Time how long it takes the fuel 
to burn completely and extinguish itself. Repeat for other groups. The group who 
was assigned a mixture of burned and unburned fuel will be the last to ignite. They 
should take half a handful from each of the dry and green fuels pans. Have students 
record the official burn times in their journal. If it takes more than 60 seconds for 
fuel to ignite, count this as unburnable (e.g. the green fuels). 
 
6. Clean up, discuss, and have students individually complete their journal work. 
Discussion points: 
 ŀΦ ²ƘƛŎƘ ƎǊƻǳǇΩǎ ŦǳŜƭǎ ōǳǊƴŜŘ ǘƘŜ ŦŀǎǘŜǎǘΚ Why? 
 b. Why do green fuels burn more slowly? (Green fuels have higher moisture 
content and must first dry out in order to burn.) 
 c. How did the partially burned fuel burn in comparison to the other fuels?
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Fire Basics 

Handout: Weather and Fuels 

Fire Basics 

 

Making Predictions 
1. Sling Psychrometer-Relative Humidity: ________________ 
    What does this reading mean? 
 
 
2. Anemometer- Wind Speed: __________________ 
    What does this reading mean?  
 
 
3. Which pan's fuels will burn the fastest? Rate from one (fastest) to 4 (slowest) how 
each pan will burn: 
 

a. mix of dry and green ________ 
b. mix of dry and semi-burnt ________ 
c. all green fuel ________ 
d. all dry fuel ________ 

 
4. Why did you rate the fuels that way? 
 
 
 
5. .ŀǎŜŘ ƻƴ ǘƻŘŀȅΩǎ ǿŜŀǘƘŜǊ conditions, would you suggest lighting a prescribed fire? 
Why or why not?  
 
 
 
6. What do you think would happen if a prescribed fire was lit today? Be specific when 
talking about fire behavior. 
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Fire Basics 

Handout: Weather and Fuels 

Fire Basics 

 

 
Experiment: Take turns as groups. Light the fuels from the bottom right corner and 
record the time it takes for the fuels to burn out.  
 
7. Times to completely burn different fuels (if it takes over 1 minute to ignite count as 
unburnable) 
 

a. mix of dry and green ________ 
b. mix of dry and semi-burnt ________ 
c. all green fuel ________ 
d. all dry fuel ________ 

 
Results 
8. Compare your prediction on question 3 to your results. Describe what you found. 
(Were you right? If results were different than predictions, how could you explain the 
difference you observed?)
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Fire Basics 

Activity: Topography and Fuel Density 

Fire Basics 

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 

ΧΧΧΧΧΧΧΧ 
Lesson Overview 
 
 

ΧΧΧΧΧΧΧ 
Lesson Objectives 

ΧΧΧΧΧΧΧΧ 
Materials 
 
 
 
 
 
 
 

ΧΧΧΧΧΧΧΧ 
Activity Length  
 

Students will hypothesize how well each matchstick 
forest will burn and why. Students will then ignite 
matchstick fires and observe results.  
 
 

Students will understand how topography affects 
fire behavior.  

 
 

o A non-flammable aluminum pan per group 
o One large box of kitchen matches per group  
o Safety equipment (glasses, gloves, fire 

extinguisher) 
o Journals and pencils 
o Modeling clay or salt dough*- enough for 

each group to have two or three large 
handfuls 

o Stopwatch 
o One box of tin foil 
o Rulers 

 
1 Hour 

ΧΧΧΧΧΧΧΧ 
Procedure 
 
WARNING: This lesson requires igniting many matches under controlled conditions. 
Please conduct this lesson outside in a non-flammable area. Also, a CLASS-A FIRE 
EXTINGUISHER and PROPER ADULT SUPERVISION must be present during this 
lesson. 
 

1. 1. Arrange students into groups. Each group should have no more than 4 people. 
2. Assign each group a terrain type. Depending on how many groups there are, 

choices can include:  
 Hilly        Flat 
 Canyon      Downhill steep
 Uphill steep      Downhill not steep 
 Uphill not steep     Etc. 
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Activity: Topography and Fuel Density 

Fire Basics 

 

2.  In addition, assign each group a fuel density level: dense (20 or more matches per 
square inch), moderate (10-19 matches per square inch), or sparse (0-9 matches per 
square inch). Groups can also experiment with "dead and downed fuels" (broken 
matches or ƳŀǘŎƘŜǎ ƴƻǘ ǎǘǳŎƪ ƛƴǘƻ ǘƘŜ ŎƭŀȅύΦ Lǘ ŘƻŜǎƴΩǘ ƳŀǘǘŜǊ Ƙƻǿ ŘŜƴǎƛǘȅ ƛǎ 
assigned as long as there is variety across the groups.  

 Variation: If desired, assign all groups to one terrain type and vary the 
density, or assign all groups one density and vary the terrain type.  

 
3. Give students time to create their matchstick forest. They will need to first sculpt 
their clay into the assigned terrain (using tin foil to fill in gaps or create slope if 
ƴŜŜŘŜŘύΦ ¢ƘŜ ǎǳǊŦŀŎŜ ŀǊŜŀ ƻŦ ǘƘŜ Ŏƭŀȅ ǎƘƻǳƭŘ ōŜ ŀōƻǳǘ уέ Ȅ уέΦ bŜȄt, they will need to 
stick matchsticks into the clay to create the assigned density. Have them use the 
rulers to check surface area and density. 
 
4. Have students write descriptions of their forest in their journals. 
 
5. Students should now predict how their forest will burn. They can write predictions 
in their journals.  
 
6. Have the stopwatch ready. Each group should light their forests one at a time, so 
that the rest of the class can see. Time the burn from the ignition of the first match 
in the forest. 
 
7. Each group should record observations about their own fire in their journals. 
 
8. Compare burn times and discuss. 

 
Discussion Questions: 
 a. Why did some forests burn faster than others? 
 b. What topographical aspect seemed to make the most difference in burn time? 
 (Slope, aspect, features, etc.) 
 
 
*Salt Dough Recipe 

 1 cup of salt 

 2 cups of flour 

 3/4 to 1 cup of lukewarm water 
Mix salt and flour. Add water a little at a time until a ball forms. Knead for a few 
minutes.
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1. Terrain: 

 

 

Percent grade slope? 

 

 

2. Density:  

 

 

Average trees per square inch? 

 

 

Dead or downed fuels present?              Lots         Some         Few       None 

 

 

3. Uniformity of trees?               Very uniform             Somewhat uniform                

Random 

 

 

 

4. Make a hypothesis about how your forest will burn (does not have to be time-specific). 

 

 

 

 

5. Where will you light your forest from? Be specific. 

 

 

 

 

 

6. Observations about your fire: 

 

 

 

 

 

7. Response to your hypothesis: 
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Unplanned vs. Planned Wildland Fire 

Fire Basics 

 

Unplanned Wildland Fires are like any other natural phenomenon: humans 
cannot control when, how, or where they start. In the past, many wildfires were 
suppressed immediately. Now, some naturally occurring fires are allowed to burn if fire 
monitors determine that the conditions are safe. At Grand Canyon National Park, most 
fires not ignited by fire staff are ignited by lightning. During monsoon season, huge 
storms sweep over the park and bring a lot of lightning. If you look around at the 
ponderosa pines in the park, you will see many of them have lightning scars. Not all 
lightning strikes start a fire, but some do, and these fires start out classified as 
Unplanned Wildland Fires. 

Unplanned wildland fires can also be started by humans. Campfires that are not 
fully extinguished, lit cigarettes thrown out of car windows, and other human errors can 
start an unplanned fire.  
 

Prescribed or Planned Fires are fires ignited under certain conditions with 
specific goals in mind. Fire planners do not just walk into a forest and decide to light a 
fire because they think it needs to be lit. Based on lots of past weather, topography, and 
fire behavior data collection, fire planners write a prescription to burn a certain area. 
This prescription must specify the conditions under which ignition is allowed: without 
the right conditions, ignition cannot happen. For example, prescriptions must contain 
information about temperature, relative humidity, wind, and predicted fire behavior. 
Also, the prescription must specify the goal of the burning. At Grand Canyon National 
Park, oftentimes that goal is fuel reduction. Fuel reduction means removing dead plant 
matter from the forest floor. This can restore the ecosystem to more natural conditions 
and reduce the possibility of a fire with undesirable effects. Other considerations when 
planning a fire include recreation site closures and the effect the fire may have on 
wildlife and cultural sites.  
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Fire on the Landscape 

Fire Ecology at Grand Canyon National Park  

 

When fire sweeps an area, it affects all parts of an ecosystem:   

 Plants 

 Animals 

 Soil 

 Water 

 Air 
 
Plants 

At the Grand Canyon, one of the most fire-affected plant ecosystems is the 
ponderosa pine forest. These forests have evolved over thousands of years to become 
adapted to relatively frequent fires. Historically, low intensity surface fires burned 
through ponderosa pine forests on the Colorado Plateau. This killed many pine seedlings 
and kept them from crowding out the forest and competing for resources with larger 
trees. These historic low level fires also enriched the soil by burning small fuels, such as 
grasses and shrubs, and scattering the minerals in the ash on the forest floor. This soil 
enrichment allowed for small plants to continuously grow in the forest understory 
without depleting the soil- it was like spreading a periodic layer of natural fertilizer. By 
ǊŜƎŜƴŜǊŀǘƛƴƎ ǘƘŜ ǎƻƛƭΩǎ ƴǳǘǊƛŜƴǘǎΣ ƭƻǿ ƛƴǘŜƴǎƛǘȅ ŦƛǊŜǎ ŜƴǎǳǊŜŘ ǘƘŜ ŀōǳƴŘŀƴŎŜ ƻŦ ƴŀǘƛǾŜ 
grasses that were important for foraging animals. Non-native plants would be at a 
disadvantage because the conditions for native plants would be ideal, and non-native 
growth might be slowed by frequent burnings. Before human settlement, therefore, low 
intensity fires helped keep the forests' plant populations healthy and balanced. 

Since humans began actively suppressing fires in the Grand Canyon area, 
ponderosa pine forests have become more heavily wooded with dense thickets of young 
trees. Also, a lack of fire has created a build-up of dead plant material on the forest 
floor. This means that the ideal low intensity fire is sometimes not possible now. Higher 
intensity fires resulting from greater fuel loads can burn too hot and destroy plant seeds 
as well as soil, and kill large fire-tolerant ponderosas by burning up their crowns.  
 
Animals 

How fire will affect animals depends on the type of fire and the type of 
vegetation. Where there are lots of fuels present and the potential for a high intensity 
fire, more animals are likely to be killed if that area burns. This applies especially to 
invertebrates and micro-organisms, because they are less able to flee fires or protect 
their eggs. Generally, larger mammals and birds aren't killed in fires because they are 
able to escape, and smaller mammals are able to burrow under the soil. In the case of a 
low intensity fire, burrowing usually lets small mammals live because heat levels are not 
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Fire on the Landscape 

Fire Ecology at Grand Canyon National Park  

 

too intense. In the case of a high-intensity fire, burrowing animals might die from high 
soil temperatures. 

Low intensity fire can release nutrients into the soil which foster plant growth. 
Once animals eat this new nutrient-rich plant growth, they benefit from ingesting those 
additional minerals. Some animals don't even wait for the new plants to grow: white-
tailed deer have been observed eating charred tree bark after a fire! 

After a fire, animals that can be flexible with their diet, shelter, and movement 
patterns thrive. Fire often creates a varied, mosaic-like burn pattern that provides 
diverse vegetation. For example, new foraging areas might be opened up for deer and 
elk once a fire clears understory fuels. 
 Fire can have two very different effects on insects. First, high intensity fires may 
destroy the sap that keeps insects (like the bark beetle) from burrowing into tree bark. 
However, burning could reduce the food sources available to insect populations over 
the course of time (by eliminating weak trees and dead wood). Whether each of these 
effects is positive or negative depends on if the insects are native to the area or if they 
are invasive. 
 
Soil 
 Soil can be affected positively and negatively by fire. The factors determining soil 
effects include soil moisture, the amount of organic matter present, and the intensity of 
the fire. The ideal fire for soil enrichment is a low intensity surface fire. Fires that burn 
too hot can cause soil destruction by making the soil hydrophobic and burning away 
minerals and organic matter in the soil.  
 
Water 
 Fire can increase sediment runoff by removing the plants that kept soil in place. 
This can increase turbidity in streams and rivers. At Grand Canyon, heavy rains that 
immediately follow an intense fire can create runoff that flows down side canyons and 
into the river. Lƴ ŀǊŜŀǎ ǿƘŜǊŜ ōǳǊƴƛƴƎ ƻŎŎǳǊǎ ŀƭƻƴƎ ǘƘŜ ǿŀǘŜǊΩǎ ŜŘƎŜΣ ŦƛǊŜ Ŏŀƴ ƛƴŎǊŜŀǎŜ 
the nutrient content of water by adding mineral-rich burned material. 
 
Air 
 Smoke might be the most visible sign of fire- it can be seen looming even miles 
away on the horizon. Smoke affects air quality by increasing particulate matter (such as 
ash floating in the air). It can negatively impact human and animal breathing. It also 
decreases visibility. Fire planners at Grand Canyon National Park consider how smoke 
will affect visitors: Will it be too smoky to see into the canyon? Will people with 
respiratory issues not be able to enjoy their visit?
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ΧΧΧΧΧΧΧΧ 
Lesson Overview 
 

ΧΧΧΧΧΧΧΧ 
Lesson Objectives 
 

ΧΧΧΧΧΧΧΧ 
Materials 

ΧΧΧΧΧΧΧΧ 
Activity Length  
 

Students will identify how species are 
interconnected by playing a game. 
 
 
Students will recognize how fire affects individual 
species and communities as a whole.  

 
 

 Large index cards on string with ecosystem 
species 

 About 8 pieces of string or yarn cut into 5 
foot pieces per student 

 
30 Minutes 

éééééééé 
Procedure 
 
1. Start by brainstorming out loud plants and animals that live in a ponderosa pine 
forest. (Ponderosa is the easiest ecosystem to visualize when thinking about fire 
effects.)  
 
2. Once students have come up with a good-sized list, pass out the index card 
necklaces to assign students a species. (The species cards should be similar to the 
brainstorming list.)  
 
3. Once each student is assigned a species, students should observe the other 
assigned species and decide which ones they would be interconnected with in the 
wild. (For example, an Abert Squirrel is connected to ponderosa pines because it 
uses the tree for shelter and pinecones. Birds might be connected to flowers or 
trees, shade-tolerant flowers might be connected to tall pines, etc.) As long as the 
student can make a good argument for the connection, it should be valid- really, 
everything is connected!  
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Activity: Fire and the Web of  Life 
 

Fire Ecology at Grand Canyon National Park  

 

4. Move to an area where students can stand in a circle. Pass out the pieces of string 
to each student. Have students hold one end of their strings. Starting with any 
species, have that student say one other species she or he is connected to, and give 
the other end of one of their strings to the student wearing that species. Make sure 
the students explain the connection (i.e., is it for food? Shelter?) In cases where 
there is more than one representative of a species (i.e., there are three wildflowers) 
other students should connect to all representatives. 
  
5. Continue going around the circle, with students naming who they are connected 
to and giving that species one side of their piece of string. Go around the circle until 
everyone is satisfied with their connections. It should look like a web in the center of 
the circle now, with people holding multiple ends of strings plus their own.  
 
6. Now it is time for a fire to come through! As the students should know by now, 
fires can come as low intensity surface fires, or high-intesnity stand-replacement 
fires. You can have the students choose which they would like, or play with both. 
Once a wildfire comes through, ask students how their species has been affected by 
fire. Did they have to flee the flames? Were they burnt over by the fire? Did they 
have adaptations that helped them survive?  
 
7. Once they have determined what happened to their own species, students must 
now determine how their fate has affected other species. For example, if a student 
was assigned to be a wildflower and a low-level ground fire came through, the 
student will have to drop their connections to whatever was dependent on the 
flower for food. Students should go around the circle deciding which connections 
can be kept and which should be dropped. Remember, this will depend greatly on 
the type of fire selected.  
 
8. Now, fast-forward to a year later. What connections can be re-established? If a 
low-level fire came through, chances are grasses and flowers have begun re-
appearing. If a high-intensity fire came through, maybe the soil has been so altered 
that nothing is growing back yet. 
 
Discussion Questions: 

a. Imagine you walk up to a forest that you know burned 12 months ago. How 
could you   tell if the fire was a high-intensity one or a low intensity one? 

 b. How might flexibility help an animal survive in an area affected by fire? 
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ΧΧΧΧΧΧΧΧ 
Lesson Overview 

ΧΧΧΧΧΧΧΧ 
Lesson Objectives 
 
 

ΧΧΧΧΧΧΧΧ 
Materials 
 
 

ΧΧΧΧΧΧΧΧ 
Activity Length  
 

Students will complete a contrast/compare chart to 
learn about Ponderosa pine forests and pinyon 
pine and Utah Juniper woodlands. 
 
 
Students will learn and identify differences and 
similarities between two common ecosystems of 
Grand Canyon South Rim.  

 

 Journals and pencils 

 Photo collages of Ponderosa Forests and 
Pinyon/Juniper Woodlands 

 

30 Minutes 

ΧΧΧΧΧΧΧΧ 
Procedure 

 
1. Ideally, start this activity at the Shrine of the Ages or somewhere near the Rim 
Path. The goal is to walk through ponderosa pines and then pinyon/juniper 
woodland.  
 
2. Starting in the Ponderosa forest, begin asking questions: What types of trees are 
these? What do you notice about them? Point out the lightning tree, and discuss 
briefly the fire adaptations of Ponderosas. Walk towards the rim and ask students 
to note the changes in vegetation. How does it look different? Is it sunnier or 
shadier here? What kinds of trees and plants are present now? 
 
3. Complete the Comparison Chart for the two ecosystems.  
 



 

 

 

 

 

 

 

 

Part One: Background Information 25 

 

Fire Ecology at Grand Canyon National Park  

Handout: Two Ecosystems Comparison Chart 

 

Fire Ecology at Grand Canyon National Park  
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Ponderosa Pine (Pinus ponderosa) 
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Creeping Barberry (Mahonia repens)                                                                                     Mountain Muhly (Muhlenbergia montana)                                                                                                                                       
 

                                                                                              
                 Snakeweed (Gutierrezia sarothrae)                            Lupine (Lupinus hillii)           Blue Grama (Bouteloua gracilis) 

Plants 
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              Northern Flicker (Colaptes auratus)           Mountain Lion (Puma concolor) 
 

                                                                                          
                              Elk (Cervus Canadensis)          Abert Squirrel (Sciurus aberti)

Animals  
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Plants 
Lupine  
USDA Plant Database 
http://plants.usda.gov/java/profile?symbol=LUHI2 
 
Blue Grama  
Wind Cave National Park 
http://www.nps.gov/wica/naturescience/grasses-blue-grama.htm 
 
Mountain Muhly  
Forestry Images 
http://www.forestryimages.org/images/768x512/1213032.jpg 
 
 

Ponderosa pine forest 
The Nature Conservancy 
http://www.nature.org/wherewework/northamerica/lewisandclark/images/p
onderosa_pine_oregon_charlie_ott.jpg 
 
Snakeweed  
USDA Plant Database 
http://plants.usda.gov/java/profile?symbol=gusa2 
 
Creeping Barberry  
Lady Bird Johnson Wildflower Center 
http://www.wildflower.org/gallery/result.php?id_image=21551 
 
 

 
Animals 
Abert Squirrel  
Bandelier National Monument 
http://www.nps.gov/band/naturescience/upload/abert's%20squirrel%20fact
%20sheet.pdf 
 
Northern Flicker  
Utah Birds 
http://www.utahbirds.org/birdsofutah/BirdsL-R_2/NorthernFlickerKK1.jpg 
 

 
 
 
Elk 
Arizona Game and Fish Department 
http://www.azgfd.gov/h_f/highlights/images/ELK-004%20copy.jpg 
 
Mountain Lion  
Grand Canyon National Park 
http://www.nps.gov/grca/naturescience/cynsk-v11.htm 
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                                                   Pinyon Pine (Pinus edulis)                      Utah Juniper (Juniperus osteosperma) 
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                  Gambel Oak (Quercus gambelii)                Cliff Rose (Purshia Mexicana) 

                                         

Plants 
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                    Banana Yucca (Yucca baccata)           Apache Plume (Fallugia paradoxa)        Desert Paintbrush (Castilleja angustifolia) 

                                                              
             Pinyon Jay (Gymnorhinus cyanocephalus)                                                               Black-Tailed Jackrabbit (Lepus californicus) 

                                                                 
                           Sonoran Gopher Snake              Mountain Short-Horned                  Big Brown Bat (Eptesicus fuscus) 

Animals  
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                        (Pituophis catenifer affinis)                             (Phrynosoma hernandesi)                          
Plants 
Pinyon Pine 
Wikipedia 
http://en.wikipedia.org/wiki/File:Juniperus_osteosperma_4.jpg 
 
Utah Juniper 
Northern Arizona Flora 
http://www.nazflora.org/pinus_edulis.htm 
 
Gambel Oak 
Northern Arizona Flora 
http://www.nazflora.org/Quercus_gambelii.htm 
 
 
 
 

Banana Yucca 
Northern Arizona Flora 
http://www.nazflora.org/Yucca_baccata.htm 
 
Cliff Rose  
Lady Bird Johnson Wildflower Center 
http://www.wildflower.org/gallery/result.php?id_image=22116 
 
Apache Plume  
Lady Bird Johnson Wildflower Center 
 http://www.wildflower.org/gallery/result.php?id_image=15699 
 
Desert Paintbrush  
Southwest Colorado Wildflowers, Ferns, and Trees 
http://w ww.swcoloradowildflowers.com/Pink%20Enlarged%20Photo%20Page
s/castilleja%20chromosa.htm  

Animals 
Pinyon Jay 
NatureWorks: New Hampshire Public Television 
http://www.nhptv.org/NATUREWORKS/pinyonjay.htm 
 
Big Brown Bat 
Western North Carolina Nature Center 
http://www.wildwnc.org/education/animals/big-brown-bat-eptesicus-fuscus 
 
Black-Tailed Jackrabbit 
University of Michigan Museum of Zoology 

http://animaldiversity.ummz.umich.edu/site/resources/phil_myers/ADW_ma
mmals/Lagomorpha/lepus7003.jpg/view.html 
 
 
 
Sonoran Gopher Snake 
City of Las Cruces Museum of Natural History 
http://www.las-cruces.org/Public-
Services/museums/nhm_nature_center_28_sonoran_gopher_snake.shtm 
 
Mountain Short-Horned Lizard 
Bryce Canyon National Park 
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http://www.nps.gov/brca/naturescience/shlizard.htm 
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Ponderosas 
shed their 
lower 
branches as 
they grow to 
keep their 
needles 
away from 
ground 
flames. 

 

Ponderosa 
bark grows 
up to 4 
inches thick. 

 

 

Thick 
Ponderosa 
bark 
protects the 
tree's living 
cambium. 
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ΧΧΧΧΧΧΧΧ 
Lesson Overview 

ΧΧΧΧΧΧΧΧ 
Lesson Objectives 
 
 

ΧΧΧΧΧΧΧΧ 
Materials 
 
 
 
 
 
 
 
 
 

ΧΧΧΧΧΧΧΧ 
Activity Length  
 

Students will create trees made of paper and light a 
low-level fire to test if the tree burns.  

Students will use their knowledge of Ponderosa 
pine adaptations to create a tree that will not burn 
under low-intensity fire conditions. 

 
 

o Metal chemistry stand per group 
o 5 chemistry stand clamps and rods per 

group 
o Large newspaper cut into wide strips 
o Intact newspaper 
o Non-flammable pan per group 
o Box of kitchen matches  
o Rulers 
o Hole punch per group 
o Safety equipment (glasses, mitts, fire 

extinguisher) 
o Journals 

 
1 Hour 

ΧΧΧΧΧΧΧΧ 
Procedure 
 
WARNING: This lesson requires igniting many matches under controlled conditions. 
Please conduct this lesson outside in a non-flammable area. Also, a CLASS-A FIRE 
EXTINGUISHER and PROPER ADULT SUPERVISION must be present during this 
lesson. 
This activity is set up as a competition between groups. Each group should aim to 
create a tree that will withstand a low intensity fire but which still maximizes the 
surface area of needles for photosynthesis. The competition will be in two phases: 
a qualifying round and a championship round. 
 
1. Review fire safety and equipment information with students. 
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2. Arrange students into groups of no more than 4. Pass out materials. Each group 
should have: a chemistry stand with 5 rods, two handfuls of newspaper strips, two 
sheets of intact newspaper, a pan, and safety equipment. 
 
3. Give students 10-15 minutes to construct their tree. To construct, students should 
punch holes in a strip of newspaper. These strips will then be threaded onto the 
chemistry stand rods. Students can put the newspaper strips onto the tree in any way 
they want to, but hole-punching gives the paper a means to stay on. The chemistry 
stand rods can be adjusted to any height desired. Remind students that the goal is to 
not catch the crown of the tree on fire while still maintaining enough needles to 
photosynthesize (i.e., there cannot be just one branch of needles at the very top of the 
tree, and needles on the tree cannot be very sparse). 
 
4. After the trees have been constructed, have each group place their chemistry stand in 
their pan and layer two sheets of newspaper in the bottom of the pan (cutting a slit for 
the stand to come out of so that the newspaper lies flat). 
 
5. Gather the class together to watch each group light their pan. Make sure everyone is 
wearing safety equipment. Each group will ignite the layers of newspaper on the bottom 
of the pan. Each group should ignite the paper in the same spot- the lower right hand 
corner is probably easiest. 
 
6. Once the newspaper layers have burned to the other side of the pan the flames 
should put themselves out. Have the group measure the unburned sections of branches 
(wherever newspaper is left on the tree) and record the total (in inches) in their journal. 
The two groups who had the least-burnt trees now go to the championship round. 
 
7. For the championship round, have the two top teams re-layer their pans with 
newspaper and place their tree (with no modifications) into the pan. All other groups 
become spectators for this round. Ignite the layers in the same place, one group at a 
time. Re-measure the length of unburned branch and compare. The group with the 
least-burnt tree is the winner! 
Discussion questions: 

 a. What made certain trees successful? Unsuccessful? 
 b. Based on trees you've seen around Grand Canyon, do you think the trees that 

 won had enough foliage to photosynthesize and live? 
 c. What do you think would have happened if: 

-We had put lots of curled and rolled up newspaper pieces on the bottom of 
the pan?  We had put another tree right next to the first one?
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Introduction 

Field Experience Foreword 

Introduction 

 

                     In this portion of the program, students will gather field data that will be 
used by Grand Canyon fire staff. This data will include tree counts and tree 
measurements, fuel counts, and information about plot location, among other 
information. Fire staff will use this data, along with their own, to better understand how 
fire effects Park landscapes. 
   
 Students will either sample or use example data from two different ecosystems: 
ponderosa pine forests and pinyon/ juniper woodlands. After data collection, students 
may have the opportunity to analyze this data. 
  
 The Field Experience will require the class or group to work well together. The 
general procedure is as follows:  
  1) Students will navigate to the plot as a whole group. 

 
2) With the help of the facilitator, the whole group will set up the plot by  
placing plot markers on location and taking data about the topography. 
 
3) Students will split into their assigned smaller groups and complete the 
specific group protocols.  

    
4) Students will reconvene and discuss the experience. 
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Activity: Geocaching for Treasure 

Introduction 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ΧΧΧΧΧΧΧΧ 
Lesson Overview 

ΧΧΧΧΧΧΧΧ 
Lesson Objectives 
 
 

ΧΧΧΧΧΧΧΧ 
Materials 
 
 
 

ΧΧΧΧΧΧΧΧ 
Activity Length  
 

Students will use GPS devices to search for hidden 
άǘǊŜŀǎǳǊŜΦέ   
 
 
Students will learn to use a GPS device and 
interpret the information given by the device. 
 
 
 

o GPS device per group 
o One small box per group filled with tiny 
άǘǊŜŀǎǳǊŜǎέ ǎǳŎƘ ŀǎ ōƻƻƪƳŀǊƪǎΣ ǇŜƴǎΣ ǎǘƛŎƪŜǊǎΣ 
etc. (enough treasures so that everyone in the 
group gets something!) 

 
 
1 Hour 

éééééééé 
Procedure 
 
1. Before class, hide the small boxes in a close-by area. They should not be buried, 
but rather semi-concealed. They should be within reach of the students. 
 
нΦ tƭƻǘ ŜŀŎƘ ƎǊƻǳǇΩǎ ƘƛŘƛƴƎ ǎǇƻǘ ƻƴǘƻ ǘƘŜƛǊ Dt{ ǳƴƛǘ όǎƻ ǘƘŀǘ ǘǿƻ ƎǊƻǳǇǎ ŀǊŜƴΩǘ 
navigating towards the same box). 
 
3. During class, go over GPS procedures. Explain what GPS is and what it can do. 
Refer to How To Use the Magellan Triton 200. 
 
4. Divide the students into groups of no more than 6. Give each group a GPS 
device.  
 
5. Go outside as a class and have each group locate its hidden treasure! Each group 
should be able to report to the class at what latitude and longitude the treasure 
was located. 
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Overview of  Protocols 

Introduction 

 

.Ŝƭƻǿ ƛǎ ŀ ƎŜƴŜǊŀƭ ŘŜǎŎǊƛǇǘƛƻƴ ƻŦ ŜŀŎƘ ǇǊƻǘƻŎƻƭ ƎǊƻǳǇΩǎ ǊŜǎǇƻƴǎƛōƛƭƛǘƛŜǎΦ aƻǊŜ ŘŜǘŀƛƭŜŘ 
descriptions follow Plot Set-Up. 

Photo Points 

Photo points are an important tool to visually document how landscapes change over 
time. Students will photograph the plot following the Photo Point Protocol. Students 
need to remember to take care of the camera by using it only to take photos of the plot 
and putting the camera in its case after every shot. Students will need to discuss a way 
of notifying other groups to hide when the photos will be taken. Examples might be to 
ȅŜƭƭ ά/ƻǳƎŀǊΗέ ǘƻ ƘŀǾŜ ǎǘǳŘŜƴǘǎ ƘƛŘŜ ŀƴŘ ǘƘŜƴ ά{ǉǳƛǊǊŜƭΗέ ŦƻǊ ǎǘǳŘŜƴǘǎ ǘƻ ŎƻƳŜ ƻǳt of 
hiding.  
 
! ŎƻƳƳƻƴ ǉǳŜǎǘƛƻƴ ƛǎΥ ²Ƙȅ ŎŀƴΩǘ ǿŜ ƘŀǾŜ ǎǘǳŘŜƴǘǎ ƛƴ ǘƘŜ ǇƛŎǘǳǊŜΚ ¢ƘŜ ŀƴǎǿŜǊΣ ƛƴ ǎƘƻǊǘΣ 
is because we are here to study the resource. A student may cover a key piece of 
information that might be needed in the future. 

Plot Location 

Knowing the location of a plot is valuable if the plot needs to be revisited. It is also 
helpful to know physical characteristics of the plot, such as slope and aspect, to 
understand how fire and other natural phenomena will act on the landscape.  
 
Note: TƘŜ ǇƘƻǘƻ Ǉƻƛƴǘǎ ƎǊƻǳǇ Ŏŀƴ Ƨƻƛƴ ǘƘƛǎ ƎǊƻǳǇ ǘƻ ŜȄǘŜƴŘ ǘƘŜ ǘƛƳŜ ƻŦ ǘƘŜƛǊ ƎǊƻǳǇΩǎ 
participation. 

Measuring Dead and Downed Fuels 

Fire fuels are one of the major contributors to wildland fire. Students will learn about 
different types of dead downed fuels and how to measure them. 
 
Note: If this is a large group or students want more experience have another group 
complete Transect 2. This transect is optional. 

Monitoring Trees 

Trees ecosystems are an integral part of the park. Both plants and animals depend 
greatly on trees for food and shelter. The composition of forests is also a major factor in 
what effect a fire might have in that area. Denser forest canopies may allow fire to 
move from one tree to another causing a more intense and destructive fire. A spaced 
canopy may prevent a fire from jumping from one tree to another. Younger, smaller 
trees or pole trees might act as a ladder for fire to get into the forest canopy.  Students 
will collect data that will be used to determine the composition of the forest canopy.
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Introduction 

 

Shrubs and Herbaceous Plants 

Shrubs and herbs can influence fire behavior at the ground level. These two fuels can 
also act as a ladder to move fire from the ground up to smaller trees and then into the 
canopy. Both shrubs and herbaceous strata are measured to quantify the amount of 
ground cover. Students will collect data to determine the amount of coverage. In 
addition, students will learn about invasive plants and determine if any are present in 
the sample area.  
 
Protocol  Group Recommended Number of Students in Group 

1. Photo Points 2 

2. Plot Location 2 

3. Measuring Dead and Downed Fuel 
Load 

2-4 

4. Monitoring Trees 2-5 

5. Shrubs and Herbaceous Plants 2-3 
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Plot Set-Up 

Introduction 

 

Materials 

o Mallet  
o Three Pre-tagged markers (OP, 50P, 50PB)  
o Compass 
o GPS 
o Clinometer 
o Two 50m Metric/English tapes 
o Two 15m Metric/English tapes 
o Two Tree Go-No-Go 
o Fire Fuels Go-No-Go 
o Plot board w/ dry erase marker 
o Digital camera 
o Map 

 

Plot Set-up (Everyone) 
 

1. Split into Protocol groups and distribute Protocol packets and sumarize basic 
overview listed below for each group. Note: This would be a good time to for 
the Photo Points group to discuss a way to notify everyone whether or not a 
picture is being taken. 
 

2. The Plot Location Group should navigate the group to the plot. Once the 
ƎǊƻǳǇ ƛǎ ǿƛǘƘƛƴ р ƳŜǘŜǊǎ ƻŦ ǘƘŜ Ǉƭƻǘ ƭƻŎŀǘƛƻƴΣ ǊŜŦŜǊ ǘƻ άwŜƧŜŎǘƛƻƴ /ǊƛǘŜǊƛŀέ 
below. Discuss whether or not the site is representative of the assigned 
monitoring type (i.e. ponderosa forest or pinyon/juniper woodland), and 
whether any rejection criteria are met. Note: Site will be pre-visited by 
facilitator so no rejection criteria should be met. 
 

3. Once the group is within 5 meters of the plot location, have a student use the 
mallet to hammer in the marker tagged with 0P. Since Grand Canyon soil is 
extremely rocky, feel free to move the 0P marker until it is able to be 
pounded at least 4 inches into the ground without hitting obstructions.  
 

4. Have a student stand over the 0P marker and start spinning the compass dial. 
!ǎǎƛƎƴ ŀƴƻǘƘŜǊ ǎǘǳŘŜƴǘ ǘƻ ǎŀȅ άSTOP!έ ŀŦǘŜǊ ŀ ŦŜǿ ƳƻƳŜƴǘǎ ƻŦ ǎǇƛƴƴƛƴƎΦ 5h 
NOT move the dial anymore. The student who is holding the compass should 
ǘƘŜƴ ǘǳǊƴ ǎƻ ǘƘŀǘ ǘƘŜ ǊŜŘ ƴŜŜŘƭŜ ƛǎ ƛƴǎƛŘŜ ǘƘŜ ƻǊƛŜƴǘƛƴƎ ŀǊǊƻǿ όά¢ƘŜ ǊŜŘ ƛǎ ƛƴ 
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Plot Set-Up 

Introduction 

 

5. ǘƘŜ ǎƘŜŘέύΦ wŜŦŜǊ ϦtŀǊǘǎ ƻŦ ŀ /ƻƳǇŀǎǎϦΦ aŀƪŜ ǎǳǊŜ ǘƘƛǎ ǎǘǳŘŜƴǘ ƛǎ standing 
behind the 0P marker facing the direction that the peep sight is pointing 
continuing to keep the red needle inside the orienting arrow. The number in 
line with the white notch will be the azimuth for Transect 1. 
 

6. Have another student attach one end of the 50m Metric/English tape to the 
0P mark. Using the compass, have another student direct the student holding 
the tape to walk along the Transect 1 azimuth for 50 feet. At 50 feet, another 
student should pound in the 50P marker. Continue to run the tape another 
50 feet along the same azimuth. Lay the tape reel down when a total of 100 
feet is reached for Transect 1. See "Student Rapid Assessment Plot". 
 

7. Optional - If this is a large group or students want more experience have 
another group complete Transect 2. This transect is not necessary. At the 0P 
marker, use the compass to make another transect that is 90 degrees to the 
right (clockwise) from Transect 1. This will be Transect 2. Example: If Transect 
1 had an azimuth of 110 degrees, Transect 2 will have an azimuth of 200 
degrees.  
 

8.  Repeat step  5: pound in the 50PB marker at 50 feet. Continue to run the 
tape another 50 feet along the same azimuth. Lay the tape reel down when a 
total of 100 feet is reached for Transect 1. See diagram 

Rejection Criteria 

Look at the chosen site. Do any of these apply? 

 Do large rock outcroppings cover more than 20% of the plot area? 

 Is the area within 50 meters of roads/utility corridors/trails/fuel breaks/slash 
piles? 

 Is the area within 50 meters of significant prehistoric/historic sites or 
transitional ecotones? 
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Introduction 

Student Rapid Assessment Plot  
(SRAP) Diagram 

Introduction 

 

50PB  (optional)  

 

Start here 
and rotate 
clockwise 

to measure 
trees 

5 m radius Sample Area  

10 m radius Sample Area  

 

0P = point zero (start of the plot)  

50P = 50 feet away from point zero along Transect 1 

50PB = 50 feet away from point zero along Transect 2 

 

50P 0P 

Measure 
litter, duff,  
1 hr, 10 hr, 
and 100 hr 
fuels in 50 

ft  
segment 

Measure 
1000 hr 
fuels for 
100 ft  
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ΧΧΧΧΧΧΧΧ 
Procedure 
 
 
 
 
 
 
 
 
 
 
 

ΧΧΧΧΧΧΧΧ 
Procedure 
 
Before the lesson, set up the following stations: 

1. Litter and Duff Station- Litter and Duff Photograph (found in Monitoring Dead 
and Downed Fuels protocol), rulers, litter-duff-soil example vial  
2. Go-No-Go Station- Tree Go-No-Go's and description, Fuel Go-No-Go's and 
description 
3. Compass and GPS Station- multiple compasses and GPS units, Parts of a 
Compass Photograph (found in Plot Location protocol)

Students will rotate through learning stations to 
learn how to use plot work tools. 
 
 
 

Students will learn to use the tools needed for plot 
work. 
 
 

 
o Compasses 
o GPS units 
o Tape Measures: 50 meter English-Metric, 

15 meter English-Metric 
o Clinometer(s) 
o Fuel Go-No-Go(s) 
o Tree Go-No-Go(s) 
o Rulers and yardsticks 

o  

 

 

 

1 Hour 

 

 

ΧΧΧΧΧΧΧΧ 
Lesson Overview 
 
 

ΧΧΧΧΧΧΧΧ 
Lesson Objectives 
 
 

ΧΧΧΧΧΧΧΧ 
Materials 
 
 
 
 
 
 

 

ΧΧΧΧΧΧΧ 
Activity Length  
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Introduction 

 

 4. Tape Measure and Clinometer Station- multiple clinometers - one each of 50  
 meter tapes and 15 meter tapes, and Brown's Transect Photograph (found in  
 Monitoring Dead and Downed Fuels protocol). 
   

1. Arrange students into groups of no more than 5.  
 

2. Pass out a copy of each worksheet to every student. They can be stapled into a 
packet- students will carry them to each station. 
 

3. Set up a rotation schedule so that each group goes to every station. Students 
should be at the station for 8-10 minutes. Switch stations after this period of 
time. 
 

4. After all groups have visited each station, reconvene and go over the worksheet 
answers and any questions students might have.
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Introduction 

Station 1: Litter and Duff Worksheet 
 
1. Use the ruler to measure the amount of litter in the vial. ___________ 
 
2. Use the ruler to measure the amount of duff in the vial. ____________ 
 
3. Circle everything that is considered litter: 
 
Pine Needle  Pine Cone     Leaf           Twig       Decomposed Pine 
Needles 
 
4. What units are litter and duff measured in? 
 
 
 
 
 
   
 
 
Station 2: Go-No-Go Worksheet 
 
1. Looking at the Tree Go-No-Go, what Class would a 8 centimeter tree fit into?  
__________ 
 
2. Looking at the Fuel Go-No-Go, what Class would a 1.5 inch fuel fit into? ___________ 
 
3. Circle everything that should be measured with a Fuel Go-No-Go: 
 
 Pine Cone Pine Needle Twig   Log    Stump        Fallen Branch  
 
4. True or False: When using a Go-No-Go, check if the fuel or tree fits into the smallest 
notch first. 
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Introduction 

Station 3: Compass and GPS Worksheet 
 
1. Looking at the compass, which direction is both 0º and 360º? 
 
 
 
2. Write the steps to Mark a Waypoint in the GPS. 
 
 
 
 
3. Write the declination of your compass. 
 
 
 
4. From how many satellites is the GPS receiving signals? 
 
 
 
 
Station 4: Tape Measure and Clinometer Worksheet 
 
1. Using the tape measure, measure the height of the person next to you in 
meters:_______ 
In feet:_______ 
 
2. Measure 1.37 meters out on the tape measure. How many feet is 1.37 meters 
equivalent to? 
 
3. Looking into the clinometer, which side tells you percent slope?          Left               
Right 
 
4. Working with the person next to you, measure the percent slope of each others' eye 
level. 
 
Yours:_______  Your partner's:______ 
 
5. Using the percent slopes from #4, who is taller? _____________ 
How can you tell? 
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Handout: Making Predictions about Field Data 

Introduction 

 

Fire staff at Grand Canyon National Park use data to answer questions about the Park 
environment. Fire staff follow a process often referred to as the scientific method to 
help them understand what certain data means (see the attached chart for an overview 
of the scientific method).  
 After collecting data, you too will have a chance to analyze the findings and 
answer a specific question. Use this handout to brainstorm a question you want 
investigate, and predict the answer to that question based on what you have learned so 
far.  

 
Observations 
 
Take a moment to think about what you have learned so far in this program. You will be 
using this information to make predictions about the data your class will collect in the 
field. 
 

Questions 
 
Now that you know what data your class will collect, take a moment to think about what 
you might find out from that data. What questions do you have about fire ecology and 
forests that might be answered by this data? For example, you might wonder if your 
class will find a greater number of logs on the ground in an area with more large trees. 
 
Write your question(s) here: 
 
 
 
 
 
 

Predictions 
 
Predict the answers to your questions. For example, if one of your questions was: 
Do forests with more large trees have more fuels on the ground?  your predicted answer 
might be Forest areas with larger trees have more fuels on the ground. 
 
 
Write your predictions here: 
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Handout: Making Predictions about Field Data 

Introduction 

 

Question  (What do I 

still wonder about?)  

Design (How can I  

find information to 

test my answer?)  

Hypothesis  (What is my 

answer to the above question? 

Make a prediction about how 

things work.)  

Observations  (Things Iõve 

seen or heard.)  

Data Analysis  (Does the data 

support my hypothesis or 

not?)  

Reflect on results  and 

generate new questions  

1. Results of 

research do 

support  

hypothesis  

2. Results of 

research do not  

support 

hypothesis  

3. Results of 

research partially  

support  hypothesis  

                 Three     possibilities: 

Conduct research  (Use 

data or complete an 

experiment.)  
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Photo Points  

Field Protocols 

 

Background 
Documenting plots with photo points helps us study how a landscape changes over 
time.  
 
Equipment 

o Plot board with dry erase marker 
o Digital camera with case 
o Tape measure 

 
Procedure 

1. Read through the whole procedure once before starting the procedure. Ask 
questions for clarification if necessary. 
 

2. Designate one photographer and ƻƴŜ ǇƘƻǘƻƎǊŀǇƘŜǊΩǎ ŀǎǎƛǎǘŀƴǘΦ 
 

3. IŀǾŜ ǘƘŜ ǇƘƻǘƻƎǊŀǇƘŜǊΩǎ ŀǎǎƛǎǘŀƴǘ ƭŀōŜƭ ǘƘŜ ŀǘǘŀŎƘŜŘ w!t όwŀǇƛŘ !ǎǎŜǎǎƳŜƴǘ 
Plot) Plot Boards using the dry erase marker with the appropriate PLOT ID, 
STATUS and DATE. Note: All information can be found on the SRAP 1 Plot 
Location Data Sheet. Ask the Plot Location Group for this information. 
 

4. Make sure that the plot photo board is labeled correctly before moving onto the 
next step.  
 

5. Place the photo plot board so that it is leaning right side up on the 0P stake. See 
Perfect Picture photograph below.  
 

6. The photographer should take roughly two strides back from the plot stake. The 
ǇƘƻǘƻƎǊŀǇƘŜǊΩǎ ŀǎǎƛǎǘŀƴǘ ƴŜŜŘǎ ǘƻ ƳŀƪŜ ǎǳǊŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛƳŀƎŜ ŎǊƛǘŜǊƛŀ ŀǊŜ 
met by checking the conditions or asking the photographer: 

o The camera is being held four feet above ground. 
o The image is level with the bottom of the photo plot board. 
o The image is centered on the plot tape. 
o No people are in the picture. Yelling politely may be necessary- this is 

important! 
 

7. Take the picture when all conditions are met. 
 

8. .ƻǘƘ ǘƘŜ ǇƘƻǘƻƎǊŀǇƘŜǊ ŀƴŘ ǇƘƻǘƻƎǊŀǇƘŜǊΩǎ ŀǎǎƛǎǘŀƴǘ ǎƘƻǳƭŘ ǊŜǾƛŜǿ ǘƘŜ 
photograph to make sure all of the above conditions are met.  
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Photo Points  

Field Protocols 

 

9. Once the photo has been checked, the photographer and assistant should switch 
roles.  
 

10. Repeat Steps 2-8 until the four required plot photos are complete. Follow the 
sequence listed in the table below. Remember- Transect 2 is optional, check if 
you are completing the transect with the facilitator. 

 
 
    Sequence of plot photos: 

 
           Perfect Picture 

            

Subject Photo Point Code 

1. From 0P stake toward 50P stake 0P-50P 

2. From 50P stake toward 0P stake 50P-0P 

3. (Optional) From 0P stake toward 50PB 
stake  

0P-50PB 

4. (Optional) From 50PB stake toward 0P 
stake 

50PB-0P 
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50 PČ0P  

  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

54 Part Two: Field Experience 

 

0PČ50P  
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50PB Č0P  
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0PČ50PB  
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Plot Location  

Field Protocols 

Background 
Knowing the location of a plot is valuable if the plot needs to be revisited. The 

physical characteristics of a plot, such as slope and aspect, also help fire managers know 
how fire will affect a certain landscape. 
 
Equipment 

o Clinometer 
o GPS 
o Map of general plot location 
o Tape measure 
o Compass 

 
Procedure 

1. Read the plot background sheet. 
 

2. Fill in the appropriate information on the data sheet based on the 
background information. 
 

3. Write the name of your school or group on the data sheet next to Group 
Name.  
 

4. !ŎŎŜǎǎ ǘƘŜ Ǉƻƛƴǘ ǿƛǘƘƛƴ ǘƘŜ Dt{ ǳƴƛǘ ŀƴŘ ǊŜŎƻǊŘ ǘƘŜ ¦¢aΩǎ ŀǘ ǘƘŜ ƳŀǊƪŜŘ 
point. Note: UTMe contains six digits while UTMn contains seven digits.  
 

5. Determine the aspect of the plot using the compass. To do this, stand near 
the 0P marker. Imagine pouring a bucket of water on the ground. Which way 
would it flow? Face the direction it would flow. While facing the direction the 
imaginary water would flow, turn the dial of the compass until the red 
ƴŜŜŘƭŜ ƛǎ ƛƴǎƛŘŜ ǘƘŜ ƻǊƛŜƴǘƛƴƎ ŀǊǊƻǿ όά¢ƘŜ ǊŜŘ ƛǎ ƛƴ ǘƘŜ ǎƘŜŘΦέύ wŜŀŘ ǘƘŜ 
direction of the aspect by looking at the Peep Sight above the dial. Which of 
these is the Peep Sight in line with?  

 
North, NE, NW, South, SW, SE, West, or East 
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Field Protocols 

Plot Location  

Field Protocols 

  
 

Record the aspect on the data sheet. Use the GPS unit to record the 
elevation of the plot point in meters.  
 

6. Use the tape measure to determine the height of eye level for each student. 
Jot down the height of the shorter student to remember it. 
 

7. Measure that height you wrote down on the taller student. For example, if 
ŜȅŜ ƭŜǾŜƭ ŦƻǊ ǘƘŜ ǎƘƻǊǘŜǊ ǇŀǊǘƴŜǊ ǿŀǎ пΩоέΣ ƳŜŀǎǳǊŜ ŦǊƻƳ ǘƘŜ ǘŀƭƭŜǊ ǇŀǊǘƴŜǊΩǎ 
ŦŜŜǘ ǳǇ ǘƻ пΩоέ- this could be chin or neck height on the taller partner. 
wŜƳŜƳōŜǊ ǿƘŜǊŜ ǘƘŜ ǎƘƻǊǘŜǊ ǇŀǊǘƴŜǊΩǎ ŜȅŜ ƘŜƛƎƘǘ Ŧŀƭƭǎ ƻƴ ǘƘŜ ǘŀƭƭŜǊ ǇŀǊǘƴŜǊΦ  
 

8. Have the shorter partner stand at 0P with the clinometer while the taller 
partner stands at 50P. Hold the clinometer, dial facing your left, to your right 
eye while keeping both eyes open. Match up the line in the clinometer to the 
height you just found on the taller student in step 7.  
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Field Protocols 

Plot Location  

Field Protocols 

0P 

50P 

9. Read and record the percent slope for both Transect 1 and also Transect 2 
(repeat step 8 except taller partner stands at 50PB marker- Remember, you 
might not be reading Transect 2 since it is optional). Make sure you are 
reading percent slope (right number) and not degrees. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

10. Using at the map and the GPS unit, write directions to get to the plot on the 
data sheet.  
 

11. Draw a map of the plot and its general area, including major features such as 
roads, trails, natural features, etc. Mark on the map how to get to the plot. 
Note: You can use the GPS unit to give you an idea of how far apart things 
are by using the scale on the screen. 
 

30 

20 

+ 

+ 

10 

20 

Read 
values on 
the right 
(Percent 
Slope) 


