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W hy forestry field studies?  As experienced teachers of  scientific ecol-
ogy and forestry concepts, we believe that a forest or woodlot can 
provide teachers and their students with the perfect laboratory for 
understanding some of  the basic principles of  environmental sci-

ence and community ecology. These studies were designed and used for many 
years as a unit in an Advanced Placement environmental science course. They 
also could be in biology, botany, forestry, or ecology classes at the high school or 
beginning college levels. The activities place students in a natural environment 
collecting real data to better understand a real place, something sorely lacking in 
most high school or beginning college curricula.

Most schools are not very far from a woods of  some sort.  In certain regions, 
school districts own their own forests, often underutilized. Some teachers can use a 
nearby park; others will have the fortune to work in a larger county, state, federal, 
private, or corporate forest that is within driving distance. To conduct the field ac-
tivities outlined in this manual, the forest or woodlot could be large or small; decidu-
ous, coniferous, or both; proximal to the school or distant from it. The tree species 
or forest types available for study are not important; these studies are more about 
systems and communities than they are about particular trees.   

Much research has shown that science instruction and the desired outcome of  
student understanding are best accomplished by doing in-depth studies on a few 
concepts, rather than the traditional encyclopedic overview of  many subjects.  If  
completed, the field studies presented in this manual represent such an in-depth 
approach, the goal being a comprehensive examination of  a well-defined forest 
ecosystem. Additionally, these studies represent a valid field experience as defined 
by the College Board in the course description for Advanced Placement Environ-
mental Science (http://apcentral.collegeboard.com/apc/public/repository/ap-environmental-
science-course-description.pdf). This description states that field activities should

always be linked to a major concept in science and to one or more areas •	
of  the course outline; 

allow students to have direct experience with an organism or system in •	
the environment; 

involve observation of  phenomena or systems, the collection and analy-•	
sis of  data and other information, and the communication of  observa-
tions and results. 

PREFACE
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Many of  the above ideals of  science education are embraced by forestry field 
studies.  Relevant, valid, hands-on work by students collecting real data that they 
can analyze and interpret is an important aspect of  these studies.  Just getting stu-
dents out of  the confines of  the classroom and into the woods is in itself  a worthy 
effort, let alone having them work on data collection and analysis in a meaningful 
way. We have noted over the years that the almost universal reaction of  students 
to time spent in the woods is positive; they want to be learning outdoors. For many 
students this will be a first-time experience; for some it may be a life changing one.

Among the paramount concepts of  biology and ecology that can be incor-
porated into forestry field studies are secondary succession, community struc-
ture and function, elemental cycles, population dynamics, biodiversity, global 
warming, and watershed issues. Additionally, forestry field studies provide the 
perfect model for introducing the concept of  sustainable management of  natu-
ral resources, which should be part of  every student’s science education.  Work-
ing in woodlots provides students with a fixed, workable area in which they can 
consider important resource management issues such as wildlife habitat, out-
door recreation, biodiversity, and commercial wood production. Because trees 
are renewable these studies make the concept of  sustainability real, relevant, 
and worthy of  consideration. The practical benefit is that students can use their 
own data to make management recommendations for the forest resource they 
measured and analyzed. This experience also may open a student’s mind to 
career tracks heretofore not considered.

This manual is organized to take a teacher systematically through a comprehen-
sive set of  field exercises, from preparation to written report. We begin by discussing 
some basic ecology and forestry principles in Chapters 1 and 2. These discussions 
are meant to be a “refresher course” and do not cover these subjects in a textbook 
or encyclopedic fashion—for that, see the chapter bibliographies and readings listed 
in Appendix E.  In Chapter 3 we cover some necessary pre-fieldwork preparation. 
Chapters 4 through 7 describe the actual fieldwork and are essentially units of  an 
all-day session in the woods. If  time, budget, or logistics does not permit an all-day 
field trip, however, one or more units can be chosen to fit a particular situation—we 
do not intend these exercises to be all or nothing! We conclude with a discussion of  
the post–field trip data analysis, report writing, and wrap-up.

Spending a day working in the woods doing systematic, observational sci-
ence using professional tools is just plain fun and exciting, both for students and 
their teachers. Although the “virtual” experience via some electronic gizmo has 
become a paradigm of  the 21st century, the sights, sounds, smells, and hands-on 
feeling of  a real woods have no virtual counterpart. When you and your students 
experience the woods, you will know what we mean.

PREFACE
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Chapter 4 
Vegetation Analysis

Mapping the structure of  the vegetation in study plots is important for sev-
eral reasons. First, with all the detailed data collected, students easily can lose 
perspective of  the bigger picture; they can get lost in the trees and not see the 
forest, so to speak. By doing this analysis they will develop a three-dimensional 
perspective of  their plots. Second, vegetative mapping provides students with 
a resource to better understand the data collected. The maps they produce 
might provide clues as to why aspects of  the data collected may vary from 
point to point. Lastly, vegetative mapping provides the teacher with a road 
map of  the plot against which other data, such as standing board feet or envi-
ronmental information, can be cross-checked to validate student fieldwork.
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Creating an Overhead Look
Students should create a sketch of  their study plot as if  they were 
looking at it from above, straight down. Using a distance mea-
suring wheel (with brush guard) or a measuring tape, they should 
first record the length of  each edge of  the plot (Figure 4.1). Since 
the perimeter of  the plot has already been flagged, they should 
easily be able to walk around the edges. Next, they should mark 
the locations and relative sizes of  trees and shrubs on paper (Fig-
ure 4.2). Graph or engineering paper works best because a scale 
easily can be established on the paper, which helps in recording. 
Students should estimate the spread of  each tree’s leafy crown, 
as seen from below, and then sketch it in its proper location on 
the paper. Note the paradox of  creating an overhead view by 
looking up from below (Figure 4.3). Be sure to emphasize that 
tree crowns frequently overlap and shrubs or small trees often 
underlie the crowns of  large trees. Trees on a plot boundary 
are mapped if  at least half  of  their trunk diameter is inside the 
plot, even if  much of  their crown lies outside the plot. It is very  
important that students survey their plot in a systematic way—
for example, by zigzagging through it at set intervals—so that 
they do not miss any trees or map trees more than once. 

Figure 4.1. Using a distance measuring 
wheel to determine the perimeter 
dimensions of a study plot. 

Figure 4.2. Hypothetical overhead map of a study plot showing the location of trees 
and shrubs of various sizes.    

Unless otherwise indicated, all photos by D. Glenn
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Figure 4.3. The horizontal dimensions of 
a tree’s crown usually can be estimated 
with reasonable accuracy from the ground, 
although it gets tricky when adjacent tree 
crowns overlap. 
Photo by D. Dickmann.

Figure 4.4. Diagram of a hypothetical stratified forest stand. In young stands the 
subcanopy stratum may be missing. 

Defining Vertical Structure
Most woodlots consist of  several vertical layers or strata of  
trees and shrubs. From the ground to the uppermost treetops, a 
typical profile would include (1) a low understory, (2) a sub-
canopy stratum of  small suppressed or tolerant tree species, and 
(3) an overstory stratum. One of  the first jobs a forester does 
in the analysis of  a woodlot is to define the overstory stratum, 
which is occupied by the largest and most valuable trees (Figure 
4.4). Trees that form the overstory stratum are referred to as 
dominants and codominants. Although there often is more 
than one canopy level in a stand, stands of  pioneer species that 
come in after a severe disturbance or plantations simply may 
have an overstory and understory, with little in between (Figures 
1.8, 1.11, and 1.13). The understory is made up of  young tree 
seedlings and saplings (advance reproduction), small tree species, 
and shrubs (Figure 1.7). Sometimes a superdominant stratum 
above the general level of  the overstory occurs (Figure 4.5; see 
also Figure 1.14). 

Trees should not be included in a superdominant stratum 
unless they are considerably larger and clearly of  an earlier gen-
eration than the trees of  the main overstory. Occasionally a tree 
may be on the borderline between the overstory and subcanopy. 
If  the tree offers significant competition to trees in the overstory 
(i.e., if  its leaves or needles are touching or interlaced with those 
of  the overstory trees), consider it part of  the overstory.
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Figure 4.6. Instruments for measuring tree 
DBH. Top—tree calipers; bottom—diameter 
tape (D-tape). 
Bottom photo by D. Dickmann. Tree Size Classification

The overhead and vertical structure of  each study plot can be 
quantified to some degree by determining the size (DBH) class 
of  each tree. These generalized size classes are related to some 
degree to tree age, although trees of  the same diameter are rarely 
the same age. Students should use a caliper or diameter tape 
(Figures 4.6 and 4.7) to tally all the trees in each of  their study 
plots according to their age class: 

To define the vertical stand structure of  their study plots, stu-
dents should make a drawing of  the trees as if  they were looking 
at the forest from one side (e.g., see Figures 1.10 and 1.16). This 
may be difficult to do because the profile of  large trees is difficult 
to assess from ground level and the tops of  the trees may not be 
visible. But students should do the best they can. Their drawings 
should resemble those in Figures 4.4 and 4.5 and be labeled in 
the same way. It is important that the crown for each visible tree 
be reflected in the sketch. Note that some crowns may be touch-
ing or even overlapping. Dead trees may be drawn if  present, 
but they should be labeled as dead. All canopy strata—overstory, 
subcanopy, superdominants, understory—also should be labeled 
on the drawing.

Figure 4-5. Diagram of a hypothetical stratified stand in which the upper stratum 
consists of large, widely spaced superdominant trees.

Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
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Figure 4.7. Using tree calipers to determine tree DBH.

Sapling (1 to 4 inches DBH) •	
Poletimber (5 to 9 inches DBH)  •	
Sawtimber (10 inches or greater DBH) •	

This general classification has been useful in many ecology and 
forestry studies.

As an optional demonstration for each group, the instructor 
could use an increment borer to extract a core from a tree and 
have students count the growth rings to determine the age of  the 
tree. The width of  the rings also represents the year by year di-
ameter growth rate of  the tree. Increment borers are expensive, 
tricky to use, and easily damaged, so we do not recommend that 
students use them. Nonetheless, the demonstration could show 
students that tree ages and diameter growth rate are quantifiable 
without felling the tree, although the process is time-consuming 
and sometimes difficult.

Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
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Study Plot Data Sheet—Age Class Classification

Age Class

Study Plot #1
Species or Forest Type

Study Plot #2
Species or Forest Type

# of Trees Percentage of Total # of Trees Percentage of Total
Saplings 
(1–4 inches DBH)

Poletimber 
(5–9 inches DBH)

Sawtimber
(10+ inches DBH)

Total # of trees

Copyright © 2009 NSTA. All rights reserved. For more information, go to www.nsta.org/permissions.
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index 

Note: Boldface page numbers indicate 
figures.

Abiotic, biotic forest environment, 43–54
air, soil temperature, 47
estimation of  tree canopy cover, 

44–45
estimation of  understory plant density, 

52–54
light intensity, 49–51
measurement of  abiotic environment, 

46
optional exercises, 51–52
relative humidity, 47–49
wind velocity, 51

Abiotic environment, measurement of, 46
Accredited undergraduate forestry degree 

programs, 82–87
After field study, 75–79
Age Class Classification, study plot data 

sheet, 42
Air and Soil Temperature, study plot data 

sheet, 47
Air temperature, 47
Alaska-yellow cedar, 92
Alpine larch, 92
American basswood, 92
American beech, 92
American elm, 92
Analysis of  vegetation, 37–42

overhead look, 38
tree size classification, 40–42
vertical structure, defining, 39–40

Anemometer, for measuring wind velocity, 
51

Atlantic white-cedar, 92

Baldcypress, 92
Balsam fir, 92
Balsam poplar, 92
Basal area, 90
Basic formula employed, 56
Bicycling, 69
Bigleaf  maple, 92
Bigtooth aspen, 92
Biotic, abiotic forest environment, 43–54

air, soil temperature, 47
estimation of  tree canopy cover, 

44–45
estimation of  understory plant density, 

52–54
light intensity, 49–51
measurement of  abiotic environment, 

46

optional exercises, 51–52
relative humidity, 47–49
wind velocity, 51

Bitternut hickory, 92
Black ash, 92
Black cherry, 92
Black cottonwood, 92
Black locust, 92
Black maple, 92
Black oak, 92
Black spruce, 92
Black tupelo, 92
Black walnut, 92
Black willow, 92
Blue spruce, 92
Board feet, standing, determination using 

tree, log scale stick, 61–63
Board foot, 90
Bolt, 90
Boreal, 6
Bur oak, 92
Butternut, 92

California black oak, 92
California red fir, 92
Camping, 69
Canopy cover, determination of, 44
Canyon live oak, 92
Carbon sequestration, 11
Chaparral, 5
Cherrybark oak, 92
Chestnut oak, 92
Chinkapin oak, 92
Class preparation, 28–29
Classification of  tree size, 40–42
Clear-cutting, 20–21
Codominants, 39
Commercial timber values, 55–65

defects, 63–64
stand density

determination of, 56–57
significance of, 57–58

standing board feet, determination 
using tree, log scale stick, 
61–63

tree volume, significance of, 64–65
Common persimmon, 92
Consumptive, 9
Cord, 90
Cubic meter, 90
Cucumber tree, 92
Cunit, 90

D-tape. See Diameter tape

DBH. See Diameters at breast height
Deer browse, 70
Defining vertical structure, 39–40
Densitometer, overstory canopy cover, 44
Diameter tape, 40
Diameters at breast height, 29, 90
Digital meter, for light intensity 

measurement, 50
Disturbances, 14–15
Dominants, 39
Douglas fir, 93

Eastern cottonwood, 93
Eastern hemlock, 93
Eastern hophornbeam, 93
Eastern red cedar, 93
Eastern white pine, 93
Ecological processes, 7–9
Ecosystem management, 14
Ecotone, 51
Engelmann spruce, 93
Equipment in field, 32–33
Equipment list, 91
Estimation of  tree canopy cover, 44–45
Estimation of  understory plant density, 

52–54
Even-aged, 8
Exclosures, 73

Face cord, 90
Final report, 77

guidelines, 78–79
Final student report, 34–35
Fishing, 69
Flowering dogwood, 93
Forest ecosystem, 5
Forest values, 9–12
Forestry data summary sheet, 76
Forestry degree programs, 82–87
Forestry principles, 13–26

disturbances, 14–15
natural reproduction methods

clear-cutting, 20–21
seed tree, 21
selection, 22
shelterwood, 21–22

silvicultural methods, 16–24
applications, 24–26
natural reproduction methods, 

19–22
planting, 23–24
tending treatments, 17–19

tending treatments
prescribed burning, 18–19
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index 

pruning, 18
release, 17
thinning, 18

Forestry Study Duties Roster, 35
Fraser fir, 93

Genetically modified organisms, 23
Giant chinkapin, 93
Giant sequoia, 93
Girth-, 90
Grand fir, 93
Green ash, 93
Group dynamics, 31–32
Group selection, 22

Habitats for wildlife, forests as, 70–72
Hackberry, 93
Half  log, 90
Hardwoods, 10
Hectare, 90
Hiking, 69
Historic or archeological sites, 69
History of  forestry studies, 4–12
Holocene, 7
Honeylocust, 93
Horseback riding, 69
Humidity, 47–49
Hunting, 69

Incense-cedar, 93
Interpretative signs, 69
Intolerant pioneers, 8

Jack pine, 93
Jeffrey pine, 93

Land area-, 90
Laurel oak, 93
Length or height-, 90
Light intensity, 49–51
Light intensity measurement, 50
List of  equipment, 91
Live oak, 93
Loblolly pine, 93
Lodgepole pine, 93
Log, 90
Log scale stick, 61–63
Logging, 17
Longleaf  pine, 93

Managing equipment in field, 32–33
Measurement of  abiotic environment, 46
Meter, 90

Milacre, 90
Mineralization, 9
Mockernut hickory, 93
Monterey pine, 93
Mountain hemlock, 93
Mutualism, 9

Natural reproduction methods, 19–22
clear-cutting, 20–21
seed tree, 21
selection, 22
shelterwood, 21–22

Nature center, 69
Non-consumptive, 9
North American tree species, tolerance 

ranking, 92–95
Nuttall oak, 93

Off-road vehicles, 69
Ohio buckeye, 93
Optional exercises, 51–52
Oregon ash, 93
Oregon white oak, 93
Osage-orange, 93
Overcup oak, 93
Overhead view of  vegetation, 38
Overstory, 4, 39
Overstory canopy cover, determination 

of, 44

Pacific madrone, 93
Pacific silver fir, 93
Paper birch, 94
Pecan, 94
Peterson Field Guide Series, 96
Picnicking, 69
Pignut hickory, 94
Pin cherry, 94
Pin oak, 94
Pinyon, 94
Pitch pine, 94
Planting, 23–24
Pleistocene, 7
Plot sizes, forestry field studies, 30
Pond pine, 94
Pondcypress, 94
Ponderosa pine, 94
Port-Orford-cedar, 94
Post oak, 94
Prescribed burning, 18–19
Principles of  forest, 4–5
Principles of  forestry, 13–26

disturbances, 14–15

natural reproduction methods
clear-cutting, 20–21
seed tree, 21
selection, 22
shelterwood, 21–22

silvicultural methods, 16–24
applications, 24–26
natural reproduction methods, 

19–22
planting, 23–24
tending treatments, 17–19

tending treatments
prescribed burning, 18–19
pruning, 18
release, 17
thinning, 18

Pruning, 18

Quaking aspen, 94

Rabbit browse, 70
Recreation, 67–73
Recreation, study plot data sheet, 69
Recreational uses, 68–69
Red alder, 94
Red maple, 94
Red mulberry, 94
Red pine, 94
Red spruce, 94
Redwood, 94
Relative humidity, 47–49
Relative Humidity, Light Intensity, and 

Wind Velocity, study plot data 
sheet, 49

Release, 17
Report, student, 34–35
Reproduction methods, 19–22

clear-cutting, 20–21
seed tree, 21
selection, 22
shelterwood, 21–22

River birch, 94
Rock elm, 94
Rocky mountain juniper, 94

Sand pine, 94
Sassafras, 94
Savanna, 4
Scarlet oak, 94
Secondary succession, 7
Section, 90
Seed tree, 20–21
Selecting woodlot, 29–31
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index 

Selection, 20
Shagbark hickory, 94
Shellbark hickory, 94
Shelterwood, 20–22
Silvicultural methods, 16–24

applications, 24–26
natural reproduction methods, 19–22

clear-cutting, 20–21
seed tree, 21
selection, 22
shelterwood, 21–22

planting, 23–24
tending treatments, 17–19

prescribed burning, 18–19
pruning, 18
release, 17
thinning, 18

Silviculture, 16
Sitka spruce, 94
Slash pine, 94
Slippery elm, 94
Society of  American Foresters, accredited 

undergraduate forestry degree 
programs, 82–87

Softwoods, 10
Soil temperature, 47
Sourwood, 94
Southern magnolia, 94
Southern red oak, 94
Spruce pine, 94
Stand density, 56

determination of, 56–57
significance of, 57–58

Stand Density, study plot data sheet, 60
Standing board feet, determination using 

tree, log scale stick, 61–63
Strata, 39
Stratified forest stand, 39
Student report, 34–35
Study Plot Data—Canopy Cover Tally, 45
Study plot data sheets

Age Class Classification, 42
Air and Soil Temperature, 47
Recreation, 69
Relative Humidity, Light Intensity, 

and Wind Velocity, 49
Stand Density, 60
Tree Volume, 65
Understory Plant Ground Cover 

Density, 54
Wildlife Evidence, 72

Subalpine fir, 94
Subcanopy, 39

Sugar maple, 95
Sugar pine, 95
Swamp chestnut oak, 95
Swamp cottonwood, 95
Swamp white oak, 95
Sweet birch, 95
Sweetgum, 95
Sycamore, 95

Taiga, 6
Tamarack, 95
Tanoak, 95
Temperature, air, 47
Temperature of  soil, 47
Tending treatments, 17–19

prescribed burning, 18–19
pruning, 18
release, 17
thinning, 18

Thinning, 18
Timber inventory, 55
Timber values, 55–65

defects, 63–64
stand density

determination of, 56–57
significance of, 57–58

standing board feet, determination 
using tree, log scale stick, 
61–63

tree volume, significance of, 64–65
Tolerance ranking, north American tree 

species, 92–95
Tree calipers, 40
Tree canopy cover, estimation of, 44–45
Tree size classification, 40–42
Tree volume, significance of, 64–65
Tree Volume, study plot data sheet, 65
Turkey oak, 95
Types of  forests, 5–7

Undergraduate forestry degree programs, 
82–87

Understory, 4, 39
Understory plant density, estimation of, 

52–54
Understory Plant Ground Cover Density, 

study plot data sheet, 54
Uneven aging, 8
Unique, features, 69
Units of  measurement, English-metric 

conversions, 90

Value of  timber, commercial, 55–65

defects, 63–64
stand density

determination of, 56–57
significance of, 57–58

standing board feet, determination 
using tree, log scale stick, 
61–63

tree volume, significance of, 64–65
Values, forest, 9–12
Vegetation analysis, 37–42

overhead look, 38
tree size classification, 40–42
vertical structure, defining, 39–40

Velocity of  wind, 51
Vertical structure, defining, 39–40
Virginia pine, 95
Visual features, 69
Volume of  tree, significance of, 64–65

Watching wildlife, 69
Water oak, 95
Water tupelo, 95
Western hemlock, 95
Western juniper, 95
Western larch, 95
Western red cedar, 95
Western white pine, 95
White ash, 95
White basswood, 95
White fir, 95
White oak, 95
White spruce, 95
Whitebark pine, 95
Wildfires, 14
Wildlife, 67–73

forests as habitats for, 70–72
Wildlife Evidence, study plot data sheet, 

72
Willow oak, 95
Wind velocity, 51

measuring, 51
Winged elm, 95
Wood volume-, 90
Woodlot selection, 29–31
Working in outdoors, 33–34

Yellow birch, 95
Yellow buckeye, 95
Yellow-poplar, 95
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