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Lesson Overview: Students learn how to use 
increment cores from trees to discover the history of 
stand-replacing fire in a forest. They use what they 
have learned in both this activity and the previous 
one to depict how fire history influences the 
composition and structure of forest over a landscape. 

Lesson Goals: Understand how to discover the history 
of stand-replacing disturbances in a forest. 
Understand that many forests have a history of both 
low-severity and stand replacing fire. Be able to 
depict a forest based on a description of its fire 
history. 

Objectives: 
• Students can depict the structure and

appearance of forest on a landscape that
has experienced both low-severity and
stand-replacing fire.

Standards: 6th 7th 8th 
CCSS Speaking and Listening 1,2,4,6 1,2,4,6 1,2,4,6 

Writing 1,4,10 1,4,10 1,4,10 
Writing: Science and Technology 3,4,7,9,10 

NGSS 
Structure, Function, and Information 
Processing LS1.A 
Natural Selection and Adaptation LS4.C 
History of Earth ESS2.C 

EEEGL Strand 1 A,B,C,E,F,G 
Strand 2.2 A 

17. Fire History 2:
History of Stand Replacing Fire

Subjects: Reading, Writing, 
Speaking and Listening, Math, 
Science  
Duration: 1-2 30-minute sessions 
Group size: Whole class, working 
singly or in pairs 
Setting: Classroom 
FireWorks vocabulary: cohort, 
increment core, pith 

ABOUT STUDENT PRESENTATIONS: If you did 
Activity H14. Researching a Plant, Animal, or 
Fungus, this would be a great time for the 
presentation on Baker cypress. If you have the 
student presentation here, you may want to 
skip Step 1 in the Procedures. 
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Teacher Background:  
In Activity H16. Fire History 1: Long Stories Told By Old Trees, students learned how low-
severity surface fires leave scars on trees. They used fire scars to describe the history of low-
severity fire for mixed-conifer and Jeffrey pine forests in the Sierra Nevada. Numerous studies 
have documented an extensive history of low-severity fire in the Sierra Nevada’s montane 
forests1, while large, severe, stand-replacing fires have not been considered a major influence 
on California mixed conifer, Jeffrey pine, or even red fir forests. However, we know that some 
kinds of forest in the Sierra Nevada thrive after stand-replacing fire and may even need it to 
persist. Baker cypress is one such forest type.  
 
How can we learn about fire history when there are no fire-scarred trees? We can analyze the 
ages of trees in the stand; if most of them established within a short time, we call that a cohort 
– and cohorts usually establish after some kind of severe disturbance, such as fire.  
 
To analyze the tree ages in a stand and look for cohorts, dendrochronologists use increment 
cores taken from living trees and dead wood. They figure out the approximate year when each 
tree was established – that is, when it germinated and started to grow. If most of the trees 
originated within 10 to 15 years of each other, they are considered a cohort. To figure out what 
disturbance allowed so many trees to establish in such a short time, scientists look for other 
evidence: Cut stumps would suggest logging; the presence of large numbers of old logs would 
suggest windthrow; the presence of scorched wood or charcoal in the soil would suggest stand-
replacing fire.  
 
In general, trees add one growth ring each year; however, tree growth is a little trickier than it 
looks. Sometimes a tree produces more than one growth ring during a single year; sometimes, 
especially in times of severe stress, it produces a ring only part-way around – or no ring at all. 
To determine the exact dates of rings on a core, dendrochronologists use a process called cross 
dating. They compare the rings on a core with descriptions of ring widths from a master 
chronology for the region. The master chronology is based on dozens to hundreds of cores. The 
scientists find especially narrow rings or groups of rings with a unique pattern of growth. Once 
they assign dates to these marker years, they can assign dates to the whole core.  The year of 
the pith (the center of the tree, the oldest wood in the core) is close to the year when the tree 
germinated and started to grow. If the core was taken very close to the ground, it could even be 
the tree’s first year of growth. More likely, the tree was a few years old by the time it reached 
the height where it was cored.   
 

                                                                 
1Here are three articles that document a history of low-severity fire in the Sierra Nevada: 
Moody, Tadashi J.; Fites-Kaufman, JoAnn; Stephens, Scott L. 2006. Fire history and climate influences from forests 
in the northern Sierra Nevada, USA. Fire Ecology. 2(1): 115-141. 
Scholl, Andrew E.; Taylor, Alan H. 2010. Fire regimes, forest change, and self-organization in an old-growth mixed-
conifer forest, Yosemite National Park, USA. Ecological Applications. 20(2): 362-380. 
Vaillant, Nicole M.; Stephens, Scott L. 2009. Fire history of a lower elevation Jeffrey pine-mixed conifer forest in the 
eastern Sierra Nevada, California, USA. Fire Ecology. 5(3): 4-19. 
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Historically, the forests of the Sierra Nevada experienced stand-replacing fires in relatively small 
areas. A few species seem well adapted to stand-replacing fire, such as the McNab cypress2 and 
the Baker cypress3, although their fire history has not been studied extensively. We do not have 
increment cores from these species for this activity, so instead we use photos of cores collected 
in a forest in central Oregon4 as surrogates. Students will determine the earliest date on each 
core, draw a stand history diagram, and then describe the history of stand-replacing fire for the 
stand.  
 
This lesson ends with students reading a qualitative description of the overall historical pattern 
of fires across the landscape, given in Handout H17-1. How Fire Shaped the Landscape. 
Students will look more closely at the article in Activity H18. Fire History 3: Fire Regime across 
a Sierra Nevada Landscape.  
 
Dendrochronology is used for dozens of applications, including studies of climate change, 
archaeology, and even dating the age of old musical instruments! Lots of information about 
dendrochronology is available at http://ltrr.arizona.edu/about/treerings. If you would like to 
delve into this field and teach dendrochronology in your classroom, look for materials at   
http://ltrr.arizona.edu/educators.  
 

Materials and preparation: 

• Either display (or keep a photo ready to project) of the stand history diagram that the 
class constructed in Activity H16. Fire History 1: Long Stories Told By Old Trees. If you 
can’t find it, you can use the stand history diagram from Step 15 of that activity, 
“Dendrochronology of 17 Jeffrey Pines.” 

• Download Frame_2011_SavingTheCypress.pdf so each student either has access to it 
on a computer or has a hard copy of pages 1-2. 

• Make 1 copy/student: Handout H17-1. How Fire Shaped the Landscape 

• Open and prepare to present the National Park Service’s slide show on 
dendrochronology at http://www.nps.gov/webrangers/activities/dendrochronology/.  

                                                                 
2 Mallek, Chris R. 2009. Fire history, stand origins, and the persistence of McNab cypress, northern California, USA. 
Fire Ecology. 5(3): 100-119. 
3 Frame, Christine. 2011. Saving the cypress: Restoring fire to rare, at‐risk species. Boise, ID: Fire Science Brief. 
126. 6 p. See also Rentz. Erin; Merriam, Kyle. 2011. Restoration and management of Baker Cypress in northern 
California and southern Oregon. In: Willoughby, J. W.; Orr, B. K.; Schierenbeck, K. A.; Jensen, N.; eds. 
Proceedings of the CNPS Conservation Conference: Strategies and Solutions; 2009 January 17‐19. Sacramento, 
CA: California Native Plant Society: 282‐289.  
4 Heyerdahl, Emily K.; Loehman, Rachel A.; Falk, Donald A. 2014. Mixed-severity fire in lodgepole pine dominated 
forests: are historical regimes sustainable on Oregon's Pumice Plateau, USA? Canadian Journal of Forestry. 44(6): 
593-603. 

http://ltrr.arizona.edu/about/treerings
http://ltrr.arizona.edu/educators
http://www.nps.gov/webrangers/activities/dendrochronology/
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• Download the following article so you can project it in a discussion of the nature of a 
literature review: Skinner_Chang_1996_fireRegimes.pdf 

• Find in the trunk (or online): 

o DataFromSodaStraw_DotDiagr 2.pptx poster. Display it in your classroom. 
o Set of photos of increment cores (each is a thin strip of laminated paper, 20-40 cm 

long, with a tree identification number written at the end). 
IncrementCorePhotos.pptx  

 
Procedure:  

1. Either as homework or during a quiet period in class, have students read the Abstract and 
Key findings in Frame_2011_SavingTheCypress.pdf. 

2. In class discussion, ask: Can fire-scar analysis be used to learn about the history of fire in a 
Baker cypress stand? Probably not, because these stands usually originate after fires that 
kill most or all of the trees, so few if any survive and develop fire scars. Because these fires 
results in development of a whole new forest stand, they are called stand-replacing fires. If 
fire scars cannot be used, what technique might work? This is an open-ended question. Try 
to lead students to the idea that, if the trees in a stand are all about the same age, and if 
they are mostly sun-loving species that germinate well after fire, then the year before this 
cohort began may be the year of the last stand-replacing fire. 

3. Explain: We’re going to try to get information on the history of stand-replacing fire from 
increment cores. (Refer to the DataFromSodaStraw_DotDiagr 2 poster.) 

4. Go through the National Park Service’s slides on dendrochronology, 
http://www.nps.gov/webrangers/activities/dendrochronology/. 

http://www.nps.gov/webrangers/activities/dendrochronology/
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5. Hand out the photos of increment cores provided in the trunk. Explain: These cores were 
actually collected in 
central Oregon, but we 
are going to use them to 
represent the kind of 
information we might get 
from a mature stand of 
Baker cypresses that 
established after fire. 
Dendrochronologists 
have already dated each 
of these cores. This 
process is a little more 
complex than just 
counting rings, so the 
scientists have marked 
the cores to help us 
figure out their ages. 

6. Review the 
dendrochronology procedures in DataFromSodaStraw&DotDiagr 2.pptx, and keep the 
poster on display so students can refer to the Dot Code at the bottom. Note: The poster 
uses a few terms –cross dating, increment borer, and master chronology – that students do 
NOT need to know in order to complete this activity. Explain the terms as you go over the 
poster, but you don’t need to emphasize them. 

7. Have each student or team determine for their core and write on a slip of paper: (You can 
check students’ data against the study results, which are shown in Table H17-1. Tree ages 
from one cohort in one stand below): 

a) the earliest date on the core (the year of the pith) 

b) a series of years when the tree had its best growth 

c) a series of years when the tree had its poorest growth 

d) the most recent date on the core 
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8. Draw a timeline along the bottom 
of the board, going from 1850 at 
left to 2010 on the right. Use 
increments of 5 years. 

9. Starting with the oldest tree core 
at the bottom, have each student 
or team draw a line that shows 
the life span of their core. It 
should look a lot like the diagram 
at right – except in a slightly 
different order. 

10. Explain: A group of living things 
that are all about the same age is 
called a cohort. You and your 
classmates constitute a cohort. Can you see evidence of a cohort in this stand history 
diagram?  Almost all of the trees became established between 1880 and 1890. In 
dendrochronology, tree establishment within 10-15 years is considered a cohort because 
this much regeneration could all be due to a single disturbance. 

11. Ask: Can you find any evidence of stand-replacing fire in the stand history diagram? The 
cohort could have become established after the overstory trees had been killed by fire, 
making excellent conditions for young pines to germinate and start growing. 

12. What other disturbances might create a cohort of trees? Possibilities include a pine beetle 
epidemic, logging, a severe wind storm, etc. 

13. Could you do anything to determine if fire was the cause? Look for nearby fire-scarred 
trees, charcoal in the soil, standing fire-killed snags and stumps, and fallen burned logs. 
Trees killed by severe fire often have an uneven, cupped surface where flames persisted a 
long time and burned part-way into the wood. 

14. Project the first page of Skinner_Chang_1996_fireRegimes.pdf. Explain: The students will 
read a summary of some conclusions from this article. 
  

15. Give each student a copy of Handout H17-1. How Fire Shaped the Landscape. Have 
students read it. After they have finished, ask for questions and discuss answers. Here are 
some potential discussion points: 

• What is an “extensive literature review”? It is an article based on information in other 
articles from the scientific literature. Scroll through the “References” section of the 
review (pp. 22-29) so students can see how many citations the article contains (about 
200) and what the sources are – journals, government publications, books, etc. Go back 
into the body of the article so students can see how the authors back up their assertions 
by citing references. 
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• What is “Euro-American settlement”? This is the time when European immigrants began 
to settle in California and change the landscape with large-scale agriculture, logging, and 
control of fires and floods. Historians give various dates to the beginning of Euro-
American settlement. Many of them date it from the “gold rush” years of the mid-
1800s. 

• What was the general appearance/structure of the forest in historical times? The forest 
was mostly open – big, tall trees and not a lot of trees in the understory. But there was a 
lot of variety. Since the authors say there was some stand-replacing fire, there must 
have been some patches with cohorts of trees.  

• What is a “relatively fine” pattern? It means there are many patches, and they are fairly 
small. As you walked up a mountainside, you would come across patches that had 
burned recently and some that had not burned for quite a while. Most of the patches 
had burned in low-severity fire, so you would see multiple fire scars on the big trees. 
You would see a few patches with cohorts (trees all about the same size, whether small 
or large) that had burned in stand-replacing fires.  

 
Assessment: Explain: Each student or team will create a depiction of the Sierra Nevada 
landscape that shows how the landscape looked in historical times (prior to Euro-American 
settlement).  
o You will include the 2 forest histories we have just studied – a pattern of frequent low-

severity fire in montane mixed-conifer forest and a pattern of infrequent stand-replacing 
fire in Baker cypress stands.  

o You can refer to the stand history diagram completed in Activity 16 and the one completed 
in this activity (shown above).  

o You can use any art form - drawing, painting, computer graphics (possibly animated), a 
model forest in a sand box or clay substrate, etc.  

o Your depiction should contain at least 20 mature trees of at least 3 different species. It 
should also contain at least some young trees and some understory plants. 

 
Evaluation: For full credit, students’ depictions should include these features. 

Fire regime Frequent low-severity fire 
(as illustrated in Activity H16) 

Less frequent high-severity fire 
(as illustrated in this activity) 

Overstory trees Variety of sizes, including very 
large 
Many fire scars on trunks 

Similar in size, none very large 
No fire scars on trunks 

Tree species Should contain either ponderosa 
pine or Jeffrey pine, plus other 
species 

Should contain Baker cypress 

Stand structure Trees widely spaced Trees close together 
Understory trees A few small trees No small trees 
Understory 
vegetation 

Grass, wildflowers, and perhaps a 
patch or two of shrubs 

Very sparse 
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Table H17-1. Tree ages from one cohort in one stand1 
  

 
1Source: Heyerdahl, Emily K.; Loehman, Rachel A.; Falk, Donald A. 
2014. Mixed-severity fire in lodgepole pine dominated forests: 
are historical regimes sustainable on Oregon's Pumice Plateau, 
USA? Canadian Journal of Forestry. 44(6): 593-603.  
 
Table includes only data from samples collected for stand age 
analysis. Cores that could not be scanned are not included. 
  

The table shows the species of each core. Students do not need to provide that 
information for this activity.  

Species
Tree 

number
Earliest 

date
Lodgepole pine 6 1890
Lodgepole pine 7 1898
Lodgepole pine 9 1892
Ponderosa pine 18 1887
Ponderosa pine 19 1903
Ponderosa pine 20 1893
Ponderosa pine 21 1889
Lodgepole pine 23 1893
Lodgepole pine 25 1891
Lodgepole pine 27 1894
Lodgepole pine 29 1887
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Handout H17-1. How Fire Shaped the Landscape 
 
The authors of an extensive literature review published in 
19965 consulted more than 200 scientific articles to learn 
about historical fire regimes in the Sierra Nevada. They 
wrote that, before Euro-American settlement, most of the 
landscape burned fairly often, and most of the fires were 
of low severity. However, there were definitely patches 
that seldom burned, and there were definitely patches 
that burned with stand-replacement severity.  
 
The authors described the Sierra Nevada landscape as 
having a “relatively fine” pattern. Much of the landscape 
contained large, old trees and had mostly an open 
structure with few trees in the understory. But the 
landscape was very diverse and also included dense 
patches of trees that had established after stand-replacing 
fires. 

 
 

                                                                 
5 Skinner, Carl N.; Chang, Chi-ru. 1996. Fire regimes, past and present. In: Status of the Sierra Nevada. Sierra 
Nevada Ecosystem Project: Final report to Congress. Volume 2: Assessments and scientific basis for management 
options. Wildland Resources Center Report No. 37. Davis, CA: University of California, Centers for Water and 
Wildland Resources: 1041-1069. 
 
 

Photo by Ilana Abrahamson. Used with 
permission. 

USDA Forest Service photo provided by 
Ilana Abrahamson. 

Photo by Kyle Merriam. 
Photo by Brady Smith, USFS 


