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Introduction 
 

 This exercise gives students a chance to sample and analyse data collected for tree age 
distributions which will allow them to gain an understanding of forest dynamics.  Students will set 
up the sample plot, collect the data, and then prepare samples in the laboratory.  They will learn 
various ways of presenting and interpreting data.  Also, limitations of various sampling techniques 
for interpreting forest dynamics will be outlined. 
 Students will have some initial difficulty coring trees with an increment borer.  When using 
the cores, care must be taken to include the pith when samples are collected.  When sanding the 
cores, they must be mounted such that the xylem cells are perpendicular to the long axis of the core 
board. 
 This exercise has been designed for a third year terrestrial ecology course and should be 
completed in a 6 hour period.  Field work should be completed in the first 3 hour period, and data 
analysis should be completed in the second 3 hour period.  The instructor must pre-select a sample 
plot. 
 
 

Materials 
The following materials are adequate for one class of 20 students. 
 

Field Equipment 
 
tape measure (2) 
20 cm stakes (4) 
flagging tape (1 roll) 
increment borers (6)  (These can be purchased from Forestry Supplies, Inc.  The price depends on 

the size of the borer.  Prices start at roughly $150.) 
medium tipped felt markers (6) 
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mounting boards for tree cores (enough for cores from 50 to 80 trees) 
masking tape (6 rolls) 
data sheets (6) 
pencils (6) 
Laboratory Equipment 
 
white glue for wood (6 small bottles) 
electric sander (optional) 
sandpaper: 100, 150, 220, 350, 400 grit (5 sheets of each grain) 
sanding blocks (6) 
dissecting microscopes and lights (15) 
11 inch x 8.5 inch graph paper (20 sheets) 
 

Notes for the Instructor 
 

 Care must be taken when using the increment borers.  The instructor should refer to 
Appendix A, and demonstrate proper coring techniques.  When coring trees, it is essential that the 
tree is cored as close to the base of the tree as possible.  This is to ensure accurate aging.  To 
facilitate this, students should clear away forest floor material from around the base of the tree.  
Also, it is essential that the pith of the tree is not missed when obtaining a core, again to ensure 
accurate aging.  This will take some practise and may require that each tree be cored more than 
once.  When glueing cores onto boards, the students should ensure that the annual rings are 
perpendicular to the long axis of the core (see Figure 13.1), such that when the cores are sanded the 
xylem cells are clearly visible.  Sanding of wood cores using an electric sander is useful at the 
coarse grain level (i.e., 100 to 150).  The instructor should ensure that students are familiar with the 
operation of the sander prior to use.   
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Figure 13.1. The core should be mounted such the pith and annual rings are vertically aligned. 
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Student Outline 
 

Background Information 
 The major purposes of this study are: 
 1. To learn field sampling techniques for determining age distributions of trees and how to 

interpret data collected. 
 2. To examine the limitations of various sampling techniques for interpreting forest 
dynamics. 
 
 A forest can be thought of as being made up of different species of trees, with each species 
being grouped into those individuals born at the same time.  These groups are called cohorts and are 
the basic unit for understanding forest dynamics.  If one follows the individuals in these cohorts 
through their lives, the number in the cohort decreases as the cohort ages due to the deaths of 
individuals.  The curve of their progressive loss by death over time is referred to as the survivorship 
curve (Figure 13.2).  Consequently it takes a large number of seedlings to get one surviving mature 
tree into the forest canopy. 
 The forest is composed of populations of trees of different species with each population 
being made up of one or more (birth) cohorts.  The age distribution of the population is the number 
of trees in the different cohorts which have survived to the time when the age distribution was 
determined.  Since cohorts will have had different numbers of individuals born into them and 
suffered different mortality, they may have different numbers in their age class.  (The relationship 
between mortality and survivorship is: mortality = 1 - survivorship.) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.2. An example of a survivorship curve for a tree. 
 

 The objective of studying forest dynamics is to understand how the age patterns (i.e. age 
distribution) we see at any particular time are produced by the processes of birth and death.   
 Temperate forest trees, because they produce annual rings and thus keep a record of the age 
and conditions under which the tree grew, allow ecologists to gain an understanding of forest 
dynamics.  In this lab we will use cores from live and dead trees to construct the age distribution.  
Cross-dating techniques will be used to determine the date of death of dead trees so they can be 
incorporated into the age distribution.  Cross-dating is the method of matching distinctive ring 
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patterns, usually very narrow rings, on trees of unknown age to similar patterns in trees of known 
age.  The lab will emphasize the limitations of using only live trees in interpreting forest dynamics.   
 

Procedures 
 

Field Sampling 
1.   Locate a field site, preferably one that has not been logged or commercially thinned. 
2.   With measuring tapes, two students will mark off an area approximately ten meters by ten 

meters square.  To do this, one student stands in place with the tape measure while another 
student walks in a straight line for ten metres.  A stake is placed at the starting point and the 
ten metre mark.  From the ten metre mark the second student must determine the direction 
perpendicular to the first line, either with a compass or square.  The first student walks to the 
ten metre mark and the second student walks in the direction perpendicular to the first line 
for another 10 meters.  The procedure is repeated until they return to the first corner.  Some 
adjustments may be necessary as it is often difficult to locate the perpendicular lines. 

3.   With flagging tape number all trees within the 10 meter by 10 meter square area.  Make a 
map of the location of each tree in the plot, including dead standing and downed trees.  A 
tree here means any plant capable of growing into the forest canopy or sub-canopy (i.e., tree, 
sapling or seedling).   

4.   Divide the group into three person teams.  Each team gets one tree borer, some core boards 
and a data sheet. For all trees (live and dead) in the study plot, identify the species and core 
the tree at its base with the increment borer.  See Appendix A for instructions on how to use 
an increment borer.  When coring the tree the pith must be included in the core (see Figure 
13.3, core B).  All trees should be cored and measured as close to the base as possible.  To 
do this, the forest floor around the base of the tree must be cleared of all debris before 
sampling.  Small seedlings cannot be cored but will have to be sectioned or counted by bud 
scar scales. 

6.   Label core board with tree number and species, and glue core into place (see Figure 13.2).  
Mark location of the pith and bark on the core board. 

7.   On data sheets, record tree number, species and whether tree is live or dead (see Appendix 
B). 

 
 
 
 
 
 
 
 
 
 
 
 
 Figure 13.3.  When coring a tree it is essential that the pith be included in the sample, as in 

core B. 
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Tree Core Preparation - Live Trees 
1.   Once the glue has dried, sand all cores from live trees with the electric sander, first with a 

coarse grit, 80 to 120, and then a finer grit, 150 to 180.  Next, sand cores by hand with at 
least two successively finer papers (e.g., 220 and 400).  Cores must be sanded such that 
xylem cells are visible under the dissecting microscope. 

2.   Once cores from live trees have been fine sanded, count rings by starting with the outermost 
complete ring, adjacent to the bark.  Label the outermost complete ring with the year prior to 
the year the study is undertaken.  Count backwards towards the pith and, with a pencil, mark 
every decade year (i.e., 1990, 1980, etc). 

3.   Record the age and year of birth of each tree on the appropriate data sheet. 
 
Tree Core Preparation - Dead Trees 
1.   Sand all cores from dead trees as described above for live trees. 
2.   Choose 15 to 20 of the oldest live cores and construct a skeleton plot for each (Figure 13.4).  

Cut strips of graph paper and label the bottom axis with year, starting with the year of the 
study and going back in time.  Examine each annual ring, indicating with a line on the graph 
paper, any years with relatively narrow growth.  The narrower the ring, the longer the line to 
be drawn.  

 
 
 
 
 
 
 
 
 
 
 
 
Figure 13.4.  A skeleton plot for a wood sample.  The skeleton plot high-lights the very narrow 

rings.  The narrower the ring, the longer the marker drawn on the skeleton plot. 
 
3.   Compare all 20 skeleton plots and determine years which, on most or all trees, have 

relatively narrow growth (i.e., marker ring).  Using all marker rings, construct a master 
skeleton plot, also called master chronology [see Yamaguchi (1991) for one method of 
cross-dating]. 

4.   Construct a skeleton plot for all dead trees.  Compare each dead tree’s skeleton plot with the 
master chronology in order to determine the date of death for each dead tree. 

 
Analysis 
1.   Plot a Lexis diagram (Figure 13.5), with date on the abscissa and age on the ordinate. 
2.   For every 20-year period, construct an age distribution of all live and dead trees (Figure 
13.6). 
 
 
How to Interpret the Lexis Diagram 
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1.   See if you can identify cohorts which have similar birth and death patterns.  For example, 
cohorts which started in the open after a disturbance usually have no tree canopy above 
them.  These cohorts will have different birth and death pattens than do cohorts which 
started and are growing under an existing tree canopy. 

2.   Try to determine the pattern of birth and death for each cohort. 
3.   Explain how the age distribution at different times was produced by your hypothesis about 

birth and death.  An example of this kind of explanation can be found in Johnson (1992, 
Chapter 7). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13.5.  A Lexis Diagram.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
Figure 13.6.  Age distributions at 20-year intervals. 
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Appendix A 

How to Use an Increment Borer 
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Appendix B 
Data Sheet 
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