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What to bring to yalE-myErs ForEst

This module will be conducted at Yale-Myers Forest in Union, CT, about 1.5 hours by van from New Haven.  
We will leave New Haven for the Yale-Myers Forest at 8:30 a.m. Monday and return by 5:00 p.m. Thurs-
day (emergency telephone 860-315-5200).

Conditions at Yale-Myers Forest are moderately rustic.  Recreational activities include swimming, running, vol-
leyball, long walks, frisbee, and campfires.

REQUIRED:
• sleeping bag or sheet/blanket – linens and pillows not provided
• raingear (we will go out in light to moderate rain)
• boots or sturdy shoes you don’t mind getting wet
• warm clothes (sweater, jacket) – warm days at Yale-Myers are usually followed by cool, if not   
 chilly, evenings.
• pen, pencil, notebook
• clipboard
• canteen/water bottle
• calculator
• EATING UTENSILS (bowl/plate/cup/fork/knife)
• lunch for Monday

RECOMMENDED:
• long pants, long sleeve shirt, and socks to tuck pant leg into (there are ticks and biting insects)
• toiletries (biodegradable soap/shampoo)
• flashlight
• day pack or cruiser’s vest
• insect repellent, sun block, hat
• binoculars
• field guides (if you have them)
• bathing suit and towel (the opportunity to go swimming will occur daily)

OPTIONAL (BUT APPRECIATED): 
Tents, guitars/fiddles/banjos/etc, stories from home 

A NOTE ABOUT FOOD:
Lunch will not be provided on Monday–please bring a bag lunch. Meals (including vegetarian options) will 
be provided starting with dinner Monday through lunch on Thursday.  If you have special dietary needs, con-
tact one of the instructors in advance of your session, or bring your own food.  REFRIGERATION AND/OR 
COOKING FACILITIES WILL NOT BE AVAILABLE unless circumstances are extraordinary.
 
ABSOLUTELY NO PETS
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sEssion schEdulE
 
   
Monday (8/6, 8/13, 8/20) 

8:30 am Leave for Yale-Myers from leave from Leitner Observatory, Lot 15
10:30 am Camp Setup
11:00 am Introductions, Camp Logistics, Lunch
12:30 pm Lecture: Introduction to Yale-Myers Forest
1:00 pm Lecture: Introduction to Ecosystem Science
1:30 pm  Lecture: Introduction to Tree Measurement Exercise
2:30 pm           Tree Measurement Exercise
4:30 pm  Free time (Swimming, Running, Games, etc.)
6:30 pm Dinner
7:45 pm Wrap-up discussion

Tuesday (8/7, 8/14, 8/21)

7:00–7:30 am Breakfast / Reading for Live and Dead Wood Sampling Exercise
8:00 am Lecture: Introduction to Live and Dead Wood Sampling Exercise
9:00 am Forest Sampling OR Natural History Walk
12:00 pm Lunch
1:00 pm Forest Sampling OR Natural History Walk
4:30 pm  Free time (Swimming, Running, Games, etc.)
6:30 pm Dinner
7:45 pm           Wrap-up discussion
    
Wednesday (8/8, 8/15, 8/22) 

7:00–7:30 am Breakfast / Reading for Natural Resource Decision-Making
8:00 am Introduction to Natural Resource Decision-Making Exercise
8:30 am Depart for Sampling
9:00 am Sampling
12:00 pm  Working Lunch in the Field
2:30 pm Data Analysis and Presentation Preparation
4:30 pm Free time (Swimming, Running, Games, etc.)
6:30 pm  Dinner
7:45 pm Presentations

Thursday (8/9, 8/16, 8/23) 

7:00–7:30 am Breakfast / Reading for Logging/Saw Mill
8:00 am Lecture: Forest Management
9:00 am Saw Mill OR Harvest Site Tour
12:00 pm Lunch
1:30 pm Camp Clean-up
3:00 pm Depart for New Haven
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introduction to thE yalE-myErs ForEst EcosystEm sciEncE modulE

Instructors:   Danica Doroski  MESc '17, PhD student 2022
    Clara Pregitzer   PhD student 2020

Teaching Assistants:  Erica Engstrom  MEM '19
    Caroline Hobbs  MEM '18
    Caleb Northrop  MEM '19
    James Souder   MEM '18
    Sara Santiago    MFS   '19 
    Eli Ward   MFS   '18
   

Forest Manager:  Nick Olson   MF '16

Faculty:   Dr. Mark Bradford  Professor of Soils and Ecosystem Ecology  
    Dr. Marlyse Duguid       Thomas G Siccama Lecturer/Associate Research Scientist  
  
In their book on the fundamentals of ecosystem science, Weathers et al. (2013) start by introducing the idea that 
humans have devised many intellectual systems to understand and manage the complicated world in which we 
live, from physics to philosophy to economics. One such intellectual system is ecosystem science. It is a sci-
ence that tries to make sense of the complex natural world and help us to better manage it. Ecosystems can be 
highly varied in size and character, from a little pool of water in a tree cavity, to a redwood forest, to a neighbor-
hood in a city, to a frigid river, to the entire globe. Nevertheless, a common set of tools and ideas can be used to 
analyze and understand these varied and complicated systems. The results of these analyses are both intellectu-
ally satisfying and useful in managing our planet for the benefit of humankind and nature. Indeed, because of 
the growing demands placed on living and nonliving resources by humans, it could be argued that ecosystem 
science is one of the essential core disciplines needed to understand and manage the modern planet Earth. The 
overarching objective of this module is to explore the ecosystem framework for sustainable resource science, 
assessment, and management.
 Within the fields of both science and management, the ecosystem has increasingly become the unit on 
which data is collected and policies enacted. Tansley (1935) is credited with coining the term “ecosystem” and 
defined it as a physical concept in which the physical-chemical environment and biotic organisms interact to 
form an ecosystem. His contribution was in considering that all the parts – both living and non-living – together 
interacted to form a system, albeit his formulation was much more abstract than the meaning the word connotes 
today. Odum (1953) set us on the path toward the modern definition, describing an ecosystem as “...any entity or 
natural unit that includes living and nonliving parts interacting to produce a stable system in which the exchange 
of materials between the living and nonliving parts follows circular paths.” Weathers et al. (2013) expand this 
definition by formalizing the idea the living and nonliving objects occur in “...a specified volume of space”, 
solidifying the modern definition that an ecosystem can be delineated and so can be observed, measured and 
managed. In reality, ecosystems are complex constructs that often defy clear and unambiguous delineation. You 
will grapple with some of this ambiguity as we being to explore studying or managing ecosystems to understand 
the ecological processes and interactions that maintain the capacity of the ecosystem to function and respond to 
change.
 Making decisions about natural resources and the environment requires that basic knowledge of eco-
systems often be derived from limited or incomplete information. Resource policies and management decisions 
are based on both an understanding of cause-effect processes and knowledge about environmental conditions. 
Formulating effective and appropriate land use regulations to protect water quality, for example, requires proper 
understanding of water quality parameters, of land use classifications, and of how different land uses affect 
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water quality. Insight into ecological patterns and processes arises out of experience and extrapolation from the 
existing knowledge base. Ideally, resource management and policy decisions are based more on fact (objective 
knowledge) than on intuition and opinion. As we will show this week, however, “facts” about ecological condi-
tions contain variation, error, and bias. Understanding the sources of variation, error, and bias is crucial to both 
producing and using ecological data. A core theme of this module is to improve your ability to evaluate ecosys-
tem data by introducing/reviewing principles of and techniques for quantifying natural resources.  
 This week’s exercises illustrate field data collection, research design, data analysis, and data interpre-
tation. The module provides an overview of issues involved in scientific inquiry about ecosystems; it is not 
intended to cover any of these topics comprehensively but rather introduce you to the ecosystem framework, 
and the challenges and benefits of using it as a conceptual tool to study and manage natural resources. We will 
explore issues involved in managing the Yale School Forests for multiple objectives, which include manipulat-
ing stands and scheduling harvests to generate a sustainable income, providing an educational and research 
resource, and maintaining a diverse and healthy mix of plant, animal and microbial communities. We will use a 
variety of sampling designs and techniques to quantify the composition and condition of habitats under different 
forest stands. We will use the data as a basis for discussing the implications of various natural resource manage-
ment objectives. 

At the end of the week you should have become familiar with or refreshed your understanding of:

• The ecosystem as a conceptual and practical tool to view, understand and manage natural resources

• Applying mathematical data concepts including variables, scales, units, unit conversions, accuracy, and 
precision

• Sources of error in data and how that influences data-based decision making

• Uses and abuses of statistical concepts for ecosystem measurement, interpretation and decision making

• A range of sampling techniques for measuring ecosystem components, including fixed-plots, variable 
radius, and transects

• Approaches used for bottom-up ecosystem measurement

The exercises across the four days build incrementally toward the overarching objective of the module. The 
overarching objective is re-stated below, along with the specific objective for each day:

Overarching objective: To explore the ecosystem framework for sustainable resource science, assessment and 
management

Monday’s objective: Introducing the ecosystem concept and trade-offs in data quality and quantity

Tuesday’s objective: Understanding the significance of measurement error, natural variation and data analysis 
for natural resource decision making

Wednesday’s objective: Applying the ecosystem approach for natural resource management objectives

Thursday’s objective: Putting ecosystem measurement into practice: real-world examples

References cited:

Odum, E.P. 1953. Fundamentals of Ecology. W.B. Saunders: Philadelphia.

Tansley, A.G. 1935. The use and abuse of vegetational concepts and terms. Ecology 16:284-307.

Weathers, K.C., Strayer, D.L., Likens, G.E. (Eds.) 2013. Fundamentals of Ecosystem Science. Elsevier: Amster-
dam.
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mEasurEmEnt, Variation, accuracy, PrEcision, and data EValuation

“To understand the physical nature of the world, it is necessary to make measurements; to this end instruments 
are used.  Ultimately, the factor that limits knowledge of the measured quantity is the accuracy of the 
instrument; in practice the desired level of accuracy varies.”

- Woodward and Sheehy (1983) p. 151

“It is an obvious though commonly overlooked fact that the amount expended for a given inventory task should 
be geared to the value of the products or services being measured.”

  - Avery and Burkhart (1983) p. 2

“Inherent in [ecological data] is a high degree of variability.”

  - Cox (1985) p. 25

Measurements are expressed in terms of numbers and units.

Numbers:  Significant figures express the accuracy with which a measurement or result can be stated; they   
  indicate where uncertainty begins. (See APPENDIX for more information on significant figures.)

Units: Metric vs. English

There are two types of variation:

- Natural variation (e.g., wind speed, physical dimensions over time)

- Observational variation

1. observer errors

2. instrument inaccuracy (systematic error or bias)

3. errors introduced in the act of measuring

BIAS:   Systematic distortion of measurements arising from a flaw in the instrument, an incorrect        
  method, or human error.

ACCURACY: Success in estimating the true value.

PRECISION: Clustering of measurements around their own mean.

A biased estimate can be precise but inaccurate. 
 

Other important vocabulary to review:
MEAN:                 The most common measure of central tendency, or how the data clusters.
VARIATION:          Refers to how spread out the data is (i.e. how far away each value is from the mean).
VARIANCE:           A quantitative term that measures the variation.
POPULATION:     All individuals of interest, denoted by N.
SAMPLE:                 A subset of the population, denoted by n.
SIGNIFICANT FIGURES:   Statistically significant digits that determine the precision associated with a               
      measured or calculated value--think about the scale of the measurement!
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ElEmEnts oF sciEntiFic study

1. Perceiving the problem.

2. Defining the things to study.

3. Formulating (competing) hypotheses.

4. Designing an experiment or study to test your hypotheses.

5. Selecting a sampling (i.e. data collection) procedure.

6. Obtaining representative samples.

7. Observing and measuring the samples to obtain data.

8. Objectively analyzing the data.

9. Interpreting and drawing conclusions from the data.

10. Reporting the findings.

(Adapted from Brower, J.E. and J.H. Zar.  1977.  Field and Laboratory Methods for General Ecology.  Wm. C. 
Brown Publishers: Dubuque, Iowa.  226 pages.)

 

THINGS TO THINK ABOUT THROUGH THE WEEK . . .

1. What problems did you encounter in collecting data in these exercises?  Consider how data accuracy,   
 precision, and variability were affected by:
  - equipment
  - techniques
  - human error
  - site conditions
  - weather

2. What assumptions did you make to collect information?  How do they affect the data collected?

3. For what uses would your data be adequate?  For what uses would you need to improve the quality of   
 your data?  How could you improve data quality?

4. If someone else had collected the data and presented you with the analysis, what questions would you   
 ask about the data collection process?

5. What can you say about the credibility and confidence level of the data?
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natural history oF yalE-myErs ForEst: rEading thE landscaPE

The ability to read a landscape is an important skill for any naturalist, land manager or scientist.  Deciphering 
current forest patterns correctly not only elucidates the history of a specific place, but can also be used to proj-
ect the future trajectory of a forest stand.  As with any skill, reading the landscape becomes more fluent with 
practice; it requires close attention to detail and a deep understanding of place.  Beginning with observations of 
the underlying geology, climate, and soils, moving on to indicator-species and species composition, and finally 
examining signs of anthropogenic impacts, the history of a landscape can be read on multiple timescales.  

We will be going on a natural history walk in the Yale-Myers forest. Below is a brief history of land-use in the 
region and in Yale-Myers forest, in particular, that will provide a little context on what clues we may look for 
in terms of trees species, stonewalls, and more that can help us interpret the past, explain the present, and help 
predict the future of the forest around us. 

YALE-MYERS FOREST
David M. Smith 

The Yale University School of Forestry and Environmental Studies manage 10,900 acres of Yale Forests in Con-
necticut, New Hampshire, and Vermont.  The largest of these is the Yale-Myers Forest, a tract of 7,860 acres in 
the Connecticut towns of Ashford, Union, Eastford, and Woodstock.  It is the largest physical possession of Yale 
University.

George H. Myers, a member of the first class that graduated from the School in 1902, assembled the Forest from 
about 100 former farm holdings.  He gave the Forest to Yale in 1930.  As is true with all the Yale Forests, it is 
managed as a working forest and used for instruction and research.  One of the management objectives is the 
production of income for the School; virtually all of that must come from timber management.  It is the policy 
that most of the management work on Yale Forests is done by students.  In past years a graduated student has 
been the official Forest Manager.  Dr. Mark Ashton is the current Director of Yale’s forests.

Historically, research conducted at Yale-Myers has been concerned with silviculture and forest ecology.  Recent-
ly, in addition to the continuation of silviculture and forest ecology research, wildlife ecology and management 
research has been developed.   

Hunting (by permit) and public fishing are administered by the Connecticut Department of Environmental 
Protection.  A 9-mile portion of the Nipmuck Trail, maintained by the Connecticut Forest and Park Association, 
traverses the Forest from south to north.  This hiking trail is the only part of the Forest open to the general pub-
lic for recreational use other than hunting and fishing.

The forest vegetation is still powerfully influenced by the history of land use.  These rocky soils were the part 
of eastern Connecticut settled last and abandoned first.  A lost civilization is buried in the woods.  About two-
thirds of the land was cleared for pasture or agriculture from about 1730 to 1850.  Had you hiked the Nipmuck 
Trail then, the view from the ridgetops would have been magnificent.  Agriculture began its long decline when it 
became cheaper to ship food in by rail from the Midwest than to grow it among the rocks of New England.  The 
reinvasion of forest vegetation was slowed from about 1850 to 1870 by a period of sheep-raising, but that suc-
cumbed to competition from the Southwest, Australia, and New Zealand where sheep can live outdoors all year 
long.  Stone walls with double rows of stones usually denote land that was plowed; single rows were enough 
for pastures, which did not generate as many stones.  If you see small piles of stones on boulders, this usually 
means that people mowed hay with scythes in those places.  If the scythe hit a small stone one picked it up and 
put it where it wouldn’t nick the blade the following year.
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The first kind of forest that came back after agriculture was usually pure “old-field” white pine.  Conifers invade 
the grass of abandoned fields more readily than hardwoods; as well, grazing animals prefer hardwood seedlings 
to conifers.  Even though much of the white pine had crooked stems from attacks of the white pine weevil, an 
insect that kills the leading shoots of open-grown pines, it was very useful for making wooden boxes.  There 
was so much of it that from about 1890 to 1930, southern and central New England were a center of the Ameri-
can container industry.  This was when things that now come in brown corrugated cartons were packaged in 
wooden boxes.  Very heavy cutting eliminated many of the pine stands.  In fact, what George Myers purchased 
in 1913-1930 was mostly heavily cutover land.  The highest price paid for any acre was $15 and much of it 
probably cost less than $4 per acre.  However, the fact that there was little timber old enough to cut until about 
1960 made ownership of the Forest such a serious financial problem for the School that the place was regarded 
as a white elephant in the classic sense of the term.  An intensive program of improvement thinnings started on 
the Forest in the 1960s and has now covered most of it.  The movement of red oak veneer logs onto the Euro-
pean market has alleviated the financial gloom that once prevailed.

Once the white pines had shaded out the grasses of abandoned fields, hardwoods and hemlocks were able to 
become established beneath them.  These burgeoned after the pines were harvested.  That is why the present for-
ests are much more natural mixtures of hardwoods and hemlocks with a few scattered pines, which often tower 
above the other trees.  Most of the present stands of trees are of about the same age because they started after 
very heavy cuttings between 1890 and 1910.  A program has started to replace the old stands with a series of 
new ones that will ultimately have all age-classes from zero years to 80 or 100 years equally represented.  This 
changeover may not be completed until about 2070.  There is a major age-class of trees that came up after the 
devastating 1938 hurricane but almost everything else dates from early in this century.  Those stands on rocky 
slopes that now have lots of hemlock are often ones that were cleared for timber but not for agriculture.

The mixture of species in these forests is very complicated and the different species interact with each other in 
surprising ways.  Some of the ideas arising from studies of how stands develop here are beginning to be tested 
in Yale’s research in even more complex tropical moist forests.
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mEasuring standing trEEs: EFFEcts oF instrumEnt PrEcision, obsErVEr 
Error, and sitE charactEristics on trEE diamEtEr and hEight 

mEasurEmEnts (ExErcisE 1)

OVERVIEW
The measurement of vegetation characteristics on a site is a critical component of any ecological study 
or natural resource management issue. In forested ecosystems, woody plants ameliorate microclimates, 
regulate nutrient cycling, and provide habitat for other vegetation and wildlife. Similarly, site conditions 
(e.g. climate, soils, slope, aspect, and wildlife) directly influence vegetation and trees can in turn moderate 
temperature, hydrology and air quality.  Trees may provide important economic, social, cultural, and 
aesthetic services for societies, including the use of wood for energy production and construction and the 
conservation of beautiful areas for tourism or sacred sites. Understanding the ecology and appropriate 
management of trees begins with an understanding of characteristics such as size, growth rate, species 
composition, and density.  

In this exercise we will focus on methods for measuring tree size, specifically diameter and height.  We will use 
a number of different instruments on different sites to explore differences in ease, efficiency, and accuracy of 
measurement.  

MEASURING TREE DIAMETER
Because tree diameter varies along the length of the bole, a standard measuring point has been set.  Tree 
diameters are generally measured at “breast height”, which is a standard 4.5 feet or 1.37 meters above the 
ground.  This is called diameter at breast height, or dbh.  Other diameters of interest are the diameter at the 
top of the tree, usually at the top of the merchantable part of the stem, and the diameter at the base of the 
tree.  We will focus on the dbh.

A dendrometer is an instrument for measuring tree diameters.  Commonly used dendrometers include:
• Distance tape to measure circumference and convert to diameter (circumference/π)
• Diameter tape, or D-tape
• Biltmore stick
• Calipers

USING A BILTMORE STICK
It looks similar to a meter stick or yard stick, but with markings designed to show diameter. Increments 
decrease as the diameter increases, unlike the linear measurements on a yard or meter stick.

Hold the stick against the tree trunk at 25 inches from the eye. The stick should be perpendicular to your 
arm, and should just touch the trunk. Align the zero mark with the edge of the trunk, so it appears they are 
in line. Without moving your head, look at the far end of the stick, and note where the other side of the trunk 
crosses the stick. Read the measurement directly from the stick.
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MEASURING TREE HEIGHT
Tree height can be measured in different ways depending on the variable you are interested in. In most 
ecological contexts we are interested in total height, which is measured vertically from the top of the crown 
to the point directly below the crown and level with the base of the tree. Note, if the tree leans, this point 
may not be over the base of the tree. In forestry often merchantable height is measured, which is either the 
height to 1) some specified minimum diameter (usually inside the bark), or 2) near the bottom of the live 
crown where the branching of the tree makes unsuitable logs for the mill.

A hypsometer is an instrument for measuring tree heights. Although there are many commonly used 
hypsometers today we will focus on two specific types: the staff hypsometer and clinometer.

• A staff hypsometer is not calibrated; any stick will do. It is based on the geometry of similar triangles 
and requires only one reading from a tree

• A clinometer reading is based on the angle formed between a line drawn horizontally from your eye to 
the tree and a line from your eye to the top of the tree. Clinometers generally have two scales; one shows 
the degree of the angle, and the other shows the percent rise along the line between your eye and the top 
of the tree.

STAFF HYPSOMETER
To make a staff hypsometer, grasp a stick such that the length of the stick you will be looking at is roughly 
equal to the horizontal distance between your eye and your thumb.  If you hold the staff hypsometer vertically at 
arm’s length, and move away from the tree until you can sight the base of the tree at your thumb, and the top of 
the tree at the top of the staff, then your distance from the tree is equal to the height of the tree.  The equations 
explain the theoretical basis for the staff hypsometer using the geometric concept of similar triangles.
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CLINOMETER
A clinometer is a common tool used in forestry to measure angles, in combination with distance it can 
be used to determine elevation change or tree heights. Measure the straight line distance to the tree and 
measure the angle to the top and bottom of the tree. Angle measures can be taken by degree (left side) or 
percent scale (right side). Today we will work with the percent scale, but on sloping topography or other 
special situations degree scale can be used with basic trigonometry to easily calculate heights.

Using the % side (right) measure the % to the top and the % to 
the bottom.  Divide the absolute % by the distance from the tree 
to where you are standing get the height. 

  (%1
 - %2)

                               distance(d)   = total height

Note that you can calculate h1 and h2 and add them together or 
subtract the %2 from %1 to get a total height. 
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ExErcisE 1: mEasuring standing trEEs- dbh & hEight
We will measure tree dbh and height. For dbh measurements, use the measuring tape to find breast height 
(4.5 feet or 1.37 meters) on yourself.  

Each group will measure the DBH of at least three trees using the diameter tape (D-tape), Biltmore stick, 
and calipers.  The height of each tree will be measured two ways. 1) using the staff hypsometer, 2) with the 
clinometer using the percent scale.

Rotate instruments within your crew to ensure that everyone uses each method at least once.  Convert all 
measurements to metric (see Appendix VII for formulas).  Each crew should also identify the species of each 
of the 3 trees on which measurements are taken. 

QUESTIONS:

1) Which instruments were most efficient and/or easiest to use?  Which did you prefer?

2) In which circumstances would you choose one instrument over another? Why? 

2) In which circumstances did you notices the most variation in measurement of trees? Did species, size of 
tree or instrument play a role?   

3) What kinds of biases might have affected your measurements?   

4) How does location and topography influence which procedure you would use?
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EValuating ForEst stand structurE: liVE and dEad Wood (ExErcisE 2)
liVE Wood comPonEnt

OVERVIEW
Ecologists and resource managers are often interested in understanding the effect that different land use 
practices or disturbances have on the dynamics of forest ecosystems. Quantitative information about a habitat, 
community, or population is needed in order to understand ecological processes or make informed management 
decisions.  Parameters of forest communities include: species diversity; the number of individuals of a species 
per unit area (density); relative numbers of individuals of different species (relative density/dominance); and 
size of individuals of a species (e.g., volume/hectare). However, it is usually impossible or impractical to 
measure every tree in a forest or to count every individual deer or bird in a population.  Instead we sample the 
vegetative community or animal population by measuring the parameters that interest us on a part of the whole 
population, and then derive from those measurements reliable estimates of the true population values.  Good 
sampling technique and design are necessary to obtain good information. Sampling must be both appropriate, 
meaning that the right measures are taken in the right way, avoiding biases; and sufficient, meaning that enough 
sample units are measured (sampling intensity) to reflect true parameter values. 

 The complex history of land use at the Yale-Myers Forest has created a mosaic of stands with different 
structure and composition characteristics. Parts of this mosaic is captured in a one hectare, long-term 
research plot as part of the Forest Global Earth Observatory (ForestGEO). ForestGEO is a global network of 
scientists and forest research sites dedicated to advancing long-term study of the world’s forest. As part of 
this effort, collaborators at 66 sites in 27 countries have tagged, measured and identified each individual tree 
within a 25-50 hectare plot. Long-term and comprehensive datasets such as this one are critical to increasing 
our scientific understanding of forest ecosystems, monitoring the impacts of global climate change, and 
guiding sustainable forest management and natural resource policies. To learn more about this project and 
read related publications visit https://forestgeo.si.edu/what-forestgeo.

The objective of this exercise is to compare different forest sampling methods while also contributing to this 
global initiative.  We will use two different sampling techniques:

• Fixed plot sampling
• Variable radius plot (VRP) sampling

We will evaluate stand structure through two parameters: 
• Diameter distribution by size class (direct measurement) 
• Basal area (BA) (indirect, derived from dbh measurements)

In addition, we will examine tree species composition using species importance values and several plant 
functional traits.  Statistics will enable us to estimate from this data population parameters for the entire 
forest community. 

Dbh distributions provide a visual representation of the stand; older stands should have stems in larger size 
classes, while frequency distributions of even-aged stands may appear quite different from those of uneven-
aged stands. 

Basal area (the cross-sectional area of a given stem at breast height) is commonly used by foresters to calculate 
a variety of stocking and volume metrics and can provide information about the productivity of a stand. 
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Plant Functional Traits 

Below are some examples of plant traits that can be used to describe the functional roles species can play. 

AM/EM Fungal Associations: Our health is increasingly seen to depend on the microorganisms that live in 
intimate association with us. It is the same for plants. Most species of land plant form relationships with soil 
microorganisms known as myco rrhizal fungi, which grow in and around their roots. The plants provide the 
fungi with simple carbon compounds (such as sugars) in exchange for nutrients such as nitrogen. The sugars 
fuel fungal activity, helping them to spread out from the plant into the soil, forming what is essentially an 
extended root network. The threads (known as hyphae) of this fungal web dramatically increase the surface 
area for nutrient uptake and exude enzymes to catalyse the decay of organic matter, releasing nutrients 
for plant growth. However, as with our own friendships, mycorrhizal relationships vary in their costs and 
benefits to both partners. The relation ship between arbuscular mycorrhizal (AM) fungi and trees, for 
example, could be likened to Facebook friendships in that both invest and receive little (they exchange small 
amounts of carbon and nitrogen). Ectomycorrhizal (EM) fungi and trees are more like best friends, however, 
demanding a lot but giving much in return. This key difference arises because EM fungi use the extra carbon 
they demand to access nitrogen from soil organic matter that is otherwise unavailable to plants, whereas 
AM fungi, like roots, primarily take up inorganic nitrogen from the soil (Bradford, M. A. 2014).

Leaf Area Index (LAI): leaf area index measures the ratio of total projected leaf area of a tree per unit ground 
area. This trait can be used to describe light interception as well as forest respiration, transpiration and 
photosynthesis in various layers of a forest. 

Wood Density: simply put, wood density is a measure of the actual wood substance per unit volume of 
wood. This is a critical trait as both the yield and quality of timber will depend on a species’ wood density. 
More dense woods produce stronger lumber and higher quality pulp for paper. Species with higher wood 
density also have a greater potential to capture CO2. 

Growth rate: different tree species can be characterized by their respective growth rates. The rate at which 
a tree species grows can help us understand their life history strategy. For example, fast growing tree 
species typically use their rapid growth rate to take advantage of sudden increases in available resources. 
In Northeastern US forests like Yale Myers, light often limits plant growth which is why we often see fast-
growing species filling in gaps where canopy trees have died and opened up light conditions. This growth 
however, comes with trade-offs; fast growing species are often short-lived and produce leaf litter that is 
more easily decomposed than their slow-growing counterparts. This may have implications in global carbon 
storage as leaf litter if a carbon sink.
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liVE Wood samPling

Fixed Plot Sampling
Fixed plot sampling is a technique commonly used in ecological studies or forest inventories where 
detailed information about an ecosystem is required.  The central approach of fixed plot sampling is to 
measure the desired characteristics (i.e., species composition, species abundance, tree height, dbh, etc.) of 
the study area on a sample plot (fraction of the total area) of a known area. Assuming that the sample plot 
is representative of the study area, the parameters of the study area can be estimated by multiplying the 
sample by the number of plots that would fit in the whole area.  

Example: If a representative sample plot of .10 hectare contains 5 trees, we estimate the number of trees in 
a hectare as follows:

  number of plots per hectare = 1/plot area = 1/.10 = 10 plots/ha
  trees/ha = trees/plot * plots/ha = 5 * 10 = 50 trees/ha

In designing a sampling experiment using fixed plots there are several factors that must be considered.  
How many plots or transects should be laid out?  What size and shape should they be?  Where should the 
plots be located?  There is no clear set of rules to follow which will apply in every situation, and sampling 
design will vary by the particular type of community being sampled and the type of information desired.  
It is always a good idea to look in the literature for examples of studies similar to the one you are planning 
to conduct.  There are, however, some general guidelines to consider.  

Appropriate plot size depends on the size and density of the plants being sampled.  Plots should be large 
enough to contain significant numbers of individuals, but small enough that the individuals present can 
be accurately and efficiently measured.  Commonly used plot sizes include: 1 square meter for herbaceous 
vegetation, 10-20 square meters for communities of shrubs or 
saplings up to about 3 meters height, and 100 square meters for 
forest tree communities.  The advantage of using the smallest 
plot size possible is that you can derive more statistically valid 
information from the same number of measurements if those 
measurements are carried out on several plots rather than only one 
(e.g., frequencies and averages with standard errors).  Plot shape 
may be square (quadrats), rectangular, or circular. The number of 
plots sampled must be sufficient to include the bulk of the species 
present in the stand, which can be determined using a species-
area curve.  There should also be sufficient replication (i.e., several 
plots within the same ecological habitat or population) to obtain a 
reliable estimate of some parameter for the statistical population 
(see notes on “Ecological Sampling”, Appendix III).  

The physical location of plots may be random, systematic, or stratified. Randomly distributed plots may be 
selected using a random numbers table, generator, or computer program. Systematic sampling requires 
that plots are evenly spaced throughout the stand. Forests are often sampled according to a systematic 
scheme in which transects and/or plots are located according to a uniform spacing system. The plots of 
such systems are usually easier to locate than those of random samples. In stratified sampling, plots are 
randomly placed within distinct components, or strata. Common strata in forestry include elevation or soil 
type. By stratifying plots across components this method reduces the coeffiecient of variation within forest 
stands. 
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Variable Radius Plot Sampling
Variable Radius Plot (VRP) Sampling is commonly used in forestry to determine the merchantable volume of 
wood in a forest. VRP sampling was developed to make estimations quicker, easier, and cheaper than fixed 
plot methods. In VRP sampling, an angle gauge or prism is used to determine how many trees at randomly 
or systematically selected points in the forest are larger than a predetermined size specific to the angle 
gauge/prism. Each of these trees represents a given basal area per unit area (the basal area factor, again 
specific to the gauge), and the total basal area per unit area is calculated by simply multiplying the number 
of trees counted using the gauge by the basal area factor.

Variable radius plot sampling is simple to use but its theoretical underpinnings are rather complex. We will 
use this technique in the same forest stands as our fixed plots to compare basal area figures derived through 
the two techniques and to get a feel for the kinds of information each technique can provide. To measure 
trees in a variable radius plot we will use an angle guage.

The following definitions provide an introduction to the theory behind the angle guage/prism:

VRP Sampling: Variable radius plot sampling, a technique in which basal area and volume measurements of 
a stand may be obtained without establishing fixed plots or determining stem diameters. With this method, 
the probability of tree selection is proportional to tree basal area; in fixed-plot sampling, the probability of 
tree selection is proportional to tree location and frequency. 

Point: A sampling unit in the VRP cruise, equivalent to one plot in a fixed-plot inventory. 

Basal Area Factor (BAF): A number which relates the subtending “power” of the prism or angle gauge to the 
basal area represented by trees tallied in the VRP sample. Multiplied by the number of “in” trees, the BAF 
yields the basal area per unit area (e.g., BAhectare) of each sampling point. Common BAFs include: 

• 2.3 m2 of BA/hectare for each tallied tree • roughly equivalent to the 10 BAF English system prism 
• 10 ft2 of BA/acre for each tallied tree • best for small second-growth forest stands like many in New 

England
 • 20 ft2 of BA/acre for intermediate-sized timber; 
• 40 ft2 of BA/acre (or 60, or 80) for old-growth stands 

like those in the Pacific Northwest. 

Angle Gauge: A calibrated sighting instrument that 
incorporates an angled field of view to determine which trees 
are tallied (counted “in”) in a VRP sample. 

Prism: A precision glass sampling angle gauge that subtends 
(bends the image of ) an object by a specified angle, used to 
determine which trees are tallied in a VRP sample.
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Plot Radius Factor (PRF): A constant for each angle gauge related to its optical qualities and BAF. When multiplied by 
tree dbh, PRF defines the radius of an imaginary plot around the tree (see figure). If the VRP sampling point falls with-
in or on the perimeter of this plot, the tree is considered “in” and tallied. For BAF 2.3 (metric), PRF= .33 meters. This 
means that a tree with a dbh of 1 cm must be within .33 m of the sampling point to be tallied; a tree of 10 cm dbh 
must be within 10 x .33 m = 3.3 m to be tallied. Conversely, 10 cm trees that are further than 3.3 m from the sampling 
point will not be tallied. For BAF 10 (English), PRF. = 33 inches or 2.75 feet. 

VBAR (volume to basal area ratio): The increment of volume (cubic units) per increment of basal area (square units). 
These ratios can be used to quickly convert VRP tally numbers into timber volumes, making the technique ideal for 
reconnaissance cruising. 

Stand table: Lists the number of trees per hectare by species and dbh class. 

Stock table: Lists basal area or volume per hectare by species and dbh class. Board foot volume: The amount of sawn 
lumber that can be recovered from a tree or stand. One board foot = 1 foot x 1 foot x 1 inch.

HOW TO USE ANGLE GAUGE: Locate your plot point and hold the gauge 25 inches from your eye. Site on live trees 
at breast height (4.5 ft or 1.3m) that are at least 5 cm in diameter. The distance from the plot center does not matter. 
Rotate 360 degrees around your point and record each tree that completely fills the 10 BAF opening of the gauge.

Borderline trees
When a tree is borderline, a series of measurements and calculations must be made to determine if the tree 
is in or out. Measure the horizontal distance from the sampling point to the center of the tree along with the 
DBH of the tree. Multiply the DBH by the plot radius factor (PRF) to get the limiting distance. If the measured
distance is less than or equal to this limiting distance, the tree is in. If it is greater than the limiting distance, it 
is out. The PRF of a BAF 10 angle gauge is 2.75ft or 0.33m. 

        OR ld(m) = .33*dbhLimiting distance in meters (ld) =
dbh (cm)

2 BAF
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FIELD PROCEDURES: MEASURING LIVE WOOD
At each site you will identify a plot center and establish a fixed radius plot and a variable radius plot. We will 
use a systematic sampling design with transects to establish the plot centers. 

Each crew will set out one circular plots with a radius of 12.62 m along a transect beginning at a point 
already flagged. The total area to be sampled using a fixed radius is approximately 500 m2.  The center point 
of the first plot should be 15 m from the trail using a given compass baring. Within each circle, identify by 
species and measure all trees >5 cm dbh. Estimate the basal area (m2 ha-1), apply size class categories and 
species trait information to the trees sampled in your plot. 

It may be most efficient to have one person recording the information, and the others taking the 
measurements. Make sure each person gets an opportunity to learn each skill. 

At the same point use the angle guage to measure trees that fall within the variable radius plot. For the VRP 
tally each tree by species. Estimate the total basal area (m2 ha-1) of the VRP and by species. 

liVE Wood: FIELD PROCEDURE DIAGRAM

Fixed Plots
Radius: 12.62 m

Area: 500 m2, or 0.05 hectares

DBH	  	  (cm) Size	  Class

5-‐9.99 1

10-‐14.99 2

15-‐19.99 3

20-‐24.99 4

25-‐29.99 5

30-‐34.99 6

35-‐39.99 7

40-‐44.99 8

45-‐49.99 9

50-‐54.99 10

55+ 11

12.62m

plot center for VRP and 
fixed radius

Line transect
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EValuating ForEst stand structurE: liVE and dEad Wood (ExErcisE 2)
dEad Wood comPonEnt

OVERVIEW

A basic parameter that managers of natural resources often need to measure is density (Crowther et al. 2015), 
i.e. the number, mass or volume of individuals per unit area. Examples include the number of tree stems per 
hectare, mice per square meter, or wetlands per 100 square miles of the landscape. Although simple enough in 
principle, accurate density estimation in the field is difficult to measure efficiently and precisely. In this exercise 
we will apply standard plot and plot-less methods to estimate the density of both standing and downed dead 
trees in a compartment of the Yale-Myers Forest. 

Why do we care about dead trees? When standing, dead trees – otherwise known as snags – provide critical 
nesting and foraging habitat for many types of forest-dwelling wildlife. For example, about one-half of all spe-
cies of birds in the Yale-Myers Forest depend on snags as nesting, roosting and/or feeding sites. Snag-dependent 
birds include all the woodpeckers, owls, nuthatches, and chickadees, and many of the flycatchers, swallows, 
warblers, kinglets, ducks, and hawks (Land et al. 1989, Raphael and White 1984, Scott et al. 1980). Snags and 
large, irregular “cull” trees also provide dens for many mammals. Snags are therefore considered an integral 
part of any comprehensive management plan for temperate-zone forests. For example, managers of public for-
ested lands in the U.S. are required by the National Forest Management Act to maintain minimum densities of 
snags. 

We will sample snag densities in the Yale-Myers Forest to determine whether snag density exceeds a minimum 
recommended value for hardwood forests in the northeastern United States. That value is >10 snags ha-1 with 
DBH values of  >10 cm for smaller-bodied birds and rodents, and >2.5 snags ha-1 with DBH values >45 cm, to 
provide dens for species such as raccoon and fisher (Tubbs et al. 1986).

Downed dead trees also have high conservation value, providing habitat and refuge (e.g. from fire) for a 
huge range of fauna and microorganisms, including salamanders, ants and fungi. The activities of many of 
these organisms have a strong effect on overall forest biodiversity. For example, the survival and persistence 
of many forest wildflowers depend on ant species, that nest in downed dead wood, to disperse their seeds. 
Furthermore, many trees and shrubs depend on dead wood as critical sites of germination and survival, so 
the availability of dead wood can determine future forest composition. From a carbon accounting perspec-
tive, dead wood is a large global store, with dead wood comprising as much as 20-30% of the forest carbon 
stock in some boreal, temperate and tropical forests (Pan et al. 2011, Weedon et al. 2009). Lastly, as dead 
trees decompose, nutrients are released and hence once again available to fuel forest productivity, making 
dead wood a valuable long-term fertilizer. Not surprisingly, in most forests around the world the manage-
ment of downed wood is an increasing priority, especially in light of intensifying demand for this resource as 
new uses emerge (e.g. biofuels).  

We will sample the cover of downed woody material (DWM), focusing on larger pieces of downed wood, 
termed coarse woody material (CWM). This resource consists primarily of fallen trees and large branches 
found on the forest floor (Waddell 2002). Stocks of CWM in most forests around the world are moderately to 
strongly depleted and unlike broad-scale efforts to inventory live trees, programs to measure DWM stocks 
are relatively recent and geographically limited (e.g. national efforts are ongoing in Sweden and the USA, 
Woodall et al. 2013).
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DEAD WOOD FIELD PROCEDURES

LOCATION OF SAMPLING POINTS:
Each crew will begin its survey along with the live wood plots. Although randomizing the location of our 
sampling locations might be preferable, systematic location of sampling points is a more efficient way to 
sample dead wood and is an acceptable alternative if there is no reason to expect that systematic sampling 
might bias the sample obtained.

IMPORTANT: Make sure everybody gets a copy of the data and gets a chance to participate in all parts of the 
sampling procedure. You might have just one person recording the data, but all should analyze it.

BIODIVERSITY: If there is extra time, roll over pieces of CWM (and remember to roll them back to exactly the 
same place as they are valuable habitat and moisture refuges) and search for animals living there. Do not 
touch amphibians such as salamanders if there is a danger of contaminating their skin with bug spray or 
sunscreen. But certainly look for salamanders. Common species using CWM are red-backed salamanders 
(Plethodon cinereus) and red efts (Notophthalmus viridescens). The biomass of the former species alone 
can be 2 to 20-times that of birds in temperate forests of eastern North America (e.g. Burton and Likens 
1975, McKenny et al. 2006) and salamander densities are reported to be as high as 27,200 ha-1. Salamanders 
are both important predators (e.g. of ants) and prey (e.g. for birds and mammals), presumably regulating 
much of the nutrient and energy flows through forests given their trophic position connecting the below 
and aboveground. You may also find spotted salamanders (Ambystoma maculatum), where CWM provides 
hotspots of moisture that this species can use as “stepping stones” through the forest.

You will also likely encounter a variety of millipedes, insects, slugs, and potentially termites as well as re-
cently metamorphosed frogs. You may find a snake but remember that there are NO venomous snakes in 
the Yale-Myers Forest and that you have most likely found a garter snake (Thamnophis sirtalis), a brown 
snake (Storeria dekayi), or a ring-necked snake (Diadophis punctatus). All of these species cannot harm you 
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so please do not harm them.

EFFICIENCY AND ACCURACY: Keep note of how much person-time it takes to measure dead wood using the 
plot and plot-less approaches. A dominant rationale for the emergence of plot-less approaches was that 
lands could be surveyed with less people, less equipment and more rapidly. For an equal amount of time, 
then, the idea was that more data could be obtained, in a less subjective manner (e.g. no plot choice in-
volved), increasing both the precision and accuracy of the measurements. See if you agree.

PLOT SAMPLING FOR SNAGS AND CWM: 

When you arrive at your sampling point (keep track of your distance along the transect with the meter tape), 
drive a stick into the plot’s center and tie a small piece of flagging to it. This will be the central point from 
which you establish the plot’s boundary. The plot will consist of a circular area 12.62 m in radius centered at 
the stick and you can co-locate with the live wood fixed area plots. Within this area, you tally all the snags 
and CWD that you encounter. A snag will be defined for this exercise as any dead tree (i.e. a tree lacking liv-
ing foliage) >10 cm DBH and >2 m in height, at an angle >45º from the ground. You may find it convenient 
to have one person remain at the plot’s center holding the end of the meter tape, another person run back 
and forth establishing the limits of the plot, and the other crew members act as roving snag locators. Record 
the number of snags in each size class (>10-45 cm and >45 cm DBH) in the plot on the data sheet provided.
 Next, use the same approach to locate the CWM in the plot. As with snags, CWM is variously defined 
and we will follow a common definition where CWM is any piece of wood at least 7.5 cm in width and 1 m in 
length. We will measure pieces that are in decay classes 1-4 but not 5 for CWM, where the latter has lost its 
structural integrity and no longer maintains its shape (essentially the wood is soft, powdery when dry, and 
likely strongly pervaded by roots). Also, although we know that pieces of wood have depth, for the sake of 
the exercise we will just take into consideration length and width as if we were assessing the piece of wood 
in two dimensions and viewed from above. To qualify also, as downed (as opposed to a snag), the piece of 
wood must be at less than a 45o angle from the ground. For each piece of CWM measure the total length (L) 
and then the width (W) at each end of the piece of wood (both the narrower and wider end). Note that if the 
piece tapers to a width <7.5 cm, then measure the length to this point and record the width of the small end 
as 7.5 cm (shown by the dotted and dashed lines in the figure below). If you get a branched piece of wood, 
measure each section (e.g. main bole and primary branch) as individual pieces of CWM as long as each sec-
tion conforms to the minimum size requirements for classifying a piece of downed wood as CWM. Lastly, if 
the CWM piece extends beyond the plot boundaries, measure its length to the boundary edge and also its 

Examples of decay classes used in classifying CWM: (A) recently 
fallen Acer saccharum, class 1; (B) Acer saccharum log in class 2; 
(C) Acer saccharum log in class 3 or 4; (D) Tilia americana log in 

class 5 (all photos by Kerry Woods).

Down woody material snag

1 Freshly fallen. Bark and 
branches/twigs still present. 

Freshly formed. Bark and 
branches/twigs still 
present. 

2 Begin to decay. Most bark still 
present, twigs gone. 

Begin to decay. Most bark 
and brances still present. 

3 Wood soft on the surface. Most 
bark and all branches absent. 

Most bark and all brances 
absent. Top shoots 
beginning to fall. 

4
Sapwood soft, bark mostly 
absent. Larget branches pull out 
easily. 

Bark mostly absent, top 
still fragmented. Height 
<6m.  

5 Softwood. Elliptic shape. Highly decayed. Stups of 
<2m remain. 

Decay 
Class

Description
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dEad Wood: FiEld ProcEdurE diagrams

linE intErcEPt samPling

7.5 cm 

7.5 cm 
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width at the boundary edge. Note that stumps are not classed as downed CWM. 

    dEad Wood FiEld ProcEdurE diagrams

Plot samPling

Next measure CWM density using line-intersect sampling (LIS). For this technique, establish at least one 
25-m transect perpendicular to one of your 12.62-m radius plots. Use the center point from your plot-based 
measures as the transect center, meaning that the transect should be centered at 12.5 m (diagram below). 
Use the same criteria and method for identifying and measuring CWM pieces, as described for the plot-
based method, for CWM that intersects the transect line (read the paragraph below before you start measur-
ing). Be aware that you may well have a number of CWM pieces already measured but whereas for the plot-
based method you only took measurements to the edge of the plot, for the LIS method you have to measure 
the whole piece of CWM (there is no plot edge!).

For LIS of CWM it is important to distinguish between a “partial” and a “complete” intersection. Only score 
pieces of CWM where the transect completely bisects the central axis of the CWM piece (diagram below). 
If the transect completely intersects a primary branch attached to a bole, but not the bole itself, then you 
would only score the primary branch assuming it meets the size specifications for a piece of CWM. Also, if 
the transect intersects a piece of CWM but toward an end where the width is <7.5 cm, then this piece is not 
scored.

PLOT SAMPLING: Snags and CWM

The area of your plot is (12.62 m)2 * pi = 500 m2; where pi is 3.14159

As such, it is straightforward to express the number of snags, and volume of dead wood, on a per hectare 
basis given that 1 ha = 10,000 m2. Therefore, you can simply multiply your snag abundance and CWD volume 
data by 20 (i.e. 10,000/500). Snags will be expressed as #snags / ha

For CWM volume:
Although we measured the width of CWM and not its diameter, we are going to assume that the width is a 
pretty good estimate of the diameter and that our log is approximately circular. Hence, we are treating each 
piece of CWM as the portion of a circular cone that remains after its upper part has been removed (i.e. a frus-
tum, as shown in the image below). 

To get the volume of a frustum of a cone, use the following equation:

Volume (in m3) = ((pi*l)/3)(rS
2+rSrL+rL

2)
where rS = the radius (i.e. half width) of the smaller end, rL = the radius of the larger end, and l the 
length of the piece of wood. Ensure all measurements are in m.
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Next add together the volumes of all the pieces of wood to get a total m3 of CWM and then express on a per 
hectare basis (m3 CWM / ha or m3 CWM ha-1).

Note that FIA uses an equation that also takes the taper of a log into account to estimate the volume of a log 
(see Waddell 2002). It returns a slightly different answer to the equation above and is:
Volume (in m3) = (((pi/8)(dS2+dL2)) l)/10,000. Note that in this equation l must be expressed in m and in-
stead of radius use diameter (d) and express it in cm. This FIA equation gives a larger volume than the frus-
tum equation given above.

LINE INTERCEPT SAMPLING: CWM

First, calculate the volume of each piece of CWM as described above for the plot-based sample. Then, for 
each piece, calculate the volume per hectare (m3 ha-1 or m3/ha) of pieces of this volume. Then sum these 
volume estimates to get an estimate of total CWM volume per hectare. The equation for each piece is:

Volume per hectare = (pi/2L)*(V/l)f

Where L represents the length of your transect which, in our case, is 25 m but if you ran multiple transects it 
would be the sum of all lengths. V is volume of the piece of CWM in m3, l is the length of the measured piece 
of CWM (in m) and f is the conversion factor to express volume on a per hectare basis (and the constant is 
10,000, surprise!).

THINGS TO CONSIDER:

1. Why is the seemingly minor issue of how we defined a snag actually a critical factor in our density 
estimates?

2. Why is a 12.62-m-radius plot convenient to use for plot-sampling in tree inventories? Why might it be 
inappropriate for counting snags?

3. Under what conditions are plot-less versus plot-based methods more useful?

4. Why do the plot-less methods work (mathematically)?

5. Are there dramatic differences in CWM volume using plot and LIS methods?

6. Does it matter that the volume estimate of a log is dependent on the equation used?

7. Are there other attributes of CWM you’d like to take other than density, which might aid in either 
conservation or carbon accounting exercises?

8. Why do you think we only scored pieces of CWM in decay classes 1-4 and not 5?

9. Did you find many salamanders and what habitat characteristics likely most influence their densities?
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natural rEsourcE dEcision-making (ExErcisE 3)
OVERVIEW

All problems in natural resource management require making decisions. Each decision has ecological, eco-
nomic, and sociocultural consequences that should be considered, even if the decision is to take no action.  
Science, data collection, and interpretation all play important roles in decision making. Each choice in natu-
ral resource management should be informed by sound science and data. In many cases research, existing 
data or policy is already in place to help guide and inform your decision. However scientific knowledge is 
always improving and decisions must be made carefully with the best available information and current ob-
jectives in mind. Each decision should be approached by information gathering or data collection, interpre-
tation, management, and monitoring.  While environmental decisions are often complex and multifaceted, 
thorough data collection can help provide clarity in choices, backing for your solution, and a baseline upon 
which to evaluate outcomes and adapt. 

Having clear management objectives is critical to making effective natural resource decisions. Poorly stated 
management objectives can lead to data collection and decisions that are ineffective or not connected to 
the apparent natural resource problem. Most landscapes serve multiple objectives, and therefore multiple 
metrics and factors must be considered when collecting and interpreting data. Management recommenda-
tions should be based on site conditions and site objectives. 

In this exercise, you will assess and quantify the forest condition within the study area to develop manage-
ment recommendations based on stated objectives. Each group will have a different management objective 
related to either climate change, forest products, or wildlife. 

All groups should follow these common steps: 

1. Define your management objective, target conditions and data collection metrics

2. Develop a sampling design

3. Sample the forest

4. Analyze and synthesize the results

5. Develop and present management recommendations

MANAGEMENT SCENARIOS:

1. Climate change

Forests influence climate change largely by affecting the amount of carbon dioxide in the atmosphere. 
When trees grow, carbon is removed from the atmosphere and absorbed in wood, leaves, and soil. Because 
forests can absorb and store carbon over an extended period, they are considered “carbon sinks”. This 
carbon remains stored in the forest ecosystem, mature forests are huge reservoirs of stored carbon. Once a 
tree dies the carbon is released back into the atmosphere as the wood decays, however if a forest is burned 
or cleared then much of that carbon is released back into the atmosphere quickly, adding to atmospheric 
CO2 levels. At the same time, if trees are planted where previously there weren't any, they will on soak up 
CO2 as they grow, reducing the amount of greenhouse gas in the atmosphere. The sink of carbon seques-
tration in forests and wood products helps to offset sources of carbon dioxide to the atmosphere, such as 
deforestation, forest fires, and fossil fuel emissions. Sustainable forestry practices can increase the ability of 
forests to sequester atmospheric carbon while enhancing other ecosystem services, such as soil and water 
quality. 

Tree species vary substantially in their growth rates, wood density and ability to sequester and store car-
bon. As the climate changes species will be subjected to many environmental stressors such as changes in 
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precipitation, temperature and new pests and diseases. Long term management of forests should include 
strategies to ensure resilience and suitability into the future.  Quantifying the substantial roles of forests 
in absorbing, storing, and releasing carbon and thriving in the future is key to understanding the global 
carbon cycle and hence climate change. 

A. Maximize carbon storage in live wood. 

Quantify the amount of carbon (using DBH and allometric equations) stored in the forest. Consider some 
of the following factors in your management recommendations:

• Differences in species (i.e. fast growing vs. slow growing tree species)

• Size class and forest structure 

• Down woody material and snags (volume of dead wood compared to live wood)

• What management actions would you take to maximize carbon storage?

B. Maximize carbon storage in forest soil. 

Quantify the basal area (m2/ha) and proportion of species that associate with EM fungi which increase 
storage of soil carbon in the soil compared to AM fungi.  

• Estimate the proportion of basal area in the sampling area that rely on EM associations (basal area 
m2/ha species with EM vs AM) 

• Estimate the species composition of species that rely on EM vs AM. Do you have redundancy of spe-
cies that have EM and AM associations?

C. Ensure forest resilience for the future by managing for species composition across structural layer. 

Understanding forest regeneration dynamics and shifting forest composition in the midstory is impor-
tant to help predict the future forest canopy.  Quantify resilience of your forest for the future by estimat-
ing the composition of tree species across size classes layers. Include the following in your analysis. 

• Species composition and diversity across forest structural layers (do you see the same species in the 
canopy as the midstory and seedling layer?)

• Do you see any shifts in life history traits (i.e. growth rate, shade tolerance, disturbance)? 

D. Ensure forest resilience for the future by managing for functional redundancy. 

Managing for species that provide more than one climate adaptation benefit to the forest is a strategy 
for ensuring resilience in the uncertain future. Looking at species that can be multi-adapted and how 
these functional traits are distributed across structural layers is an important consideration when manag-
ing the forest for the future. Here are a few factors to consider. 

• Forest structure including tree density, abundance and size. 

• Species traits. 

• Redundancy of traits within and across species. 

2. Forest products
Harvesting timber can be an effective approach to improving forest health and growth all while balanc-
ing ecological and economic benefits. Harvesting timber provides logs for sawmills, but it also enables 
forest managers to better take care of the forests. Timber is often harvested to create wildlife habitat or to 
remove diseased, burned, or insect infested trees. The age, size class, species composition and structure 
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of your forest will determine the most effective approach to extracting timber. Land owners might har-
vest to achieve the maximum commercial value of timber, or alternatively do selective thinning to reduce 
competition and promote growth of specific species, or even create a desired forest structure for wildlife, 
fire risk reduction or aesthetics.  

The choice of how to harvest the trees is a complex one, involving a wide range of considerations. For-
estry professionals must evaluate soil, slope, and water conditions; wildlife habitat; recreational opportu-
nities; and the needs of the forest landowner. Each timber sale is carefully planned and conducted. Tem-
poral trends in harvest and clearing may be affected by economic variables, technology, and forest policy 
decisions. 

A. Maximize extraction of large diameter timber while balancing sustained ecological conditions for the 
future. 

What harvest approach would you take to sustainably extract timber for commercial use of large diam-
eter trees, (i.e. Red Oak (Quercus rubra) and Black birch (Betula lenta)) while ensuring the sustained health 
and regeneration of the existing forest stand? What species would you harvest? What is the economic 
value estimate from the timber? What are some of the main ecological considerations you would take 
into account? Large diameter is considered >40 cm DBH.  Consider the following factors in your manage-
ment recommendations:

• How much basal area would you extract (m2/ha)? You must leave at minimum 10 m2/hectare

• Harvesting to improve the health of the forest

• Distribution of size and condition of species left and extracted (snags, diversity, size class)

• Buffers around riparian areas and slope

• Estimate of economic gain and timeline of harvest

B. Extract small diameter timber for pulpwood and firewood while sustaining ecological conditions for the 
future. 

What harvest approach would you take to harvest small diameter timber while ensuring the sustained 
health and regeneration of the existing forest stand? What species would you harvest? What economic 
value can you estimate from the timber? What are the main ecological considerations in this process? 
Small diameter is considered 5-30cm DBH. How much basal area (m2/ha) would you remove? How would 
the density of the stand change? Consider the following factors in your management recommendations:

• Leave at least 10m2/hectare

• Distribution, size class, species and condition of species left on site and extracted (snags, diversity, 
size class)

• Buffers around riparian areas and slope

• Estimate of economic gain and timeline of harvest

3. Wildlife and Habitat

Temperate deciduous forests of the Northeast provide vital habitat for a number of wildlife species, 
including birds, mammals, rodents, amphibians and insects. When making management decisions in a 
forest stand or across a forested landscape, it is important to consider how specific management actions 
directly or indirectly affect wildlife and habitats. To sustainably manage forest ecosystems, we must con-
sider the inherent value that wildlife provides, while remembering that healthy forests are composed of 
a balance of species. Climate change is expected to alter the tree species composition of forests at a rate 
that is faster than many species will be able to adapt to those new conditions. Habitat loss from human 
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A. Assess snag habitat for birds 

Snag-dependent birds at Yale Myers forest include woodpeckers, chickadees, owls, swallows, warblers, fly-
catchers, ducks, kinglets, and hawks. Quantify the snags/ha in the study area, and make recommendations 
for maintaining or improving snag density. Consider the following factors when making recommendations:

• At least 10 snags/ha with DBH >10 cm is recommended for supporting populations of small-bodied 
birds.

• Red maple (Acer rubrum) forms cavities that make for excellent bird habitat.

• Would you recommend creating more snags? Assess what live tree species are in the stand that you 
coulturn into snags.

B. Assess CWM habitat 

Common species that use CWM are red-backed salamanders (Plethodon cinereus), red efts (Notophthal 
viridescens), and many species of ants, fungi, and microorganisms. Quantify CWM per hectare in the study 
area, and make recommendations for supporting these populations. Consider the following factors when 
making recommendations:

• Decay class of the woody material

• Would you recommend creating more CWD? 

EXERCISE:
Now it's time for you to apply many of the skills you have learned this week! You will be assigned to one of the 
above management objectives. Within your groups you will complete the following.

1. Design a sampling protocol (including equipment & number and layout of plots)

2. Independently sample the study area

3. Do all necessary calculations and statistics 

4. Put together a short (5 minute) presentation including the management objective, assessment of 
the study area and management recommendations 

After dinner, your groups will present your findings and conclusions

Some things to consider and include:
• Introduction
• Methods and sampling design
• Results and forest assessment
• Conclusions and management recommendationsSample size and sampling efficiency
• Data metrics collected and alignment with management objectives
• Precision and accuracy (do you need to collect DBH or can you use Biltmore stick for size class?)
• Reference to plant traits listed in Common Plants of the Quiet Corner
• Summary statistics (i.e. mean, sample size, dispersion of data)

NOTE: A good presention will be concise. Include your findings and recommendations as well as all pertinent 
information for the audience to evaluate those findings:
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Valuing Wood From trEE to markEt
 (Notes on Wood, Wood Products, Scaling and Grading)

“I have read many definitions of what is a conservationist and written a few myself, but I suspect that 
the best one is written not with a pen, but with an axe.”

          -Aldo Leopold

The way we measure the economic value of forests and forest products is very different than the way we mea-
sure their ecological value.  Although this difference exists, it is essential that we consider both values when 
managing forests.  Whether management is of commercial forests or community forests, extractive reserves or 
conservation areas, managers need to understand how their forests are valued economically as well as ecologi-
cally in order to maintain the integrity and sustainability of the forest.  

Throughout the course of human evolution wood has been the predominate raw material for basic human needs 
(e.g. fuel, shelter, tools etc.) and depending on its supply, has spurred or hindered progress.  Land clearing and 
landscaping aside, trees were and presently are cut to be used for wood products.  Although the Age of Wood 
nominally passed with the industrial revolution and the development of numerous substitutes for wood (e.g. 
steel and plastics), it remains a major raw material worldwide, predominantly for fuel and, in the developed 
nations for a growing number of solid, composite, and fiber products. With the advent of improved Life Cycle 
Assessments, wood is stacking up quite favorably compared with other materials one might consider for build-
ing purposes (Lippke et al., 2010).

In many parts of the world, wood is abundant and renewable.  Wood properties vary between softwoods (nee-
dled-evergreens) and hardwoods (broadleaved trees) and within these groups by species.  As a raw material for 
construction, its outstanding physical advantages are derived from its high strength-to-weight ratio and ready 
workability.  However, wood is anisotropic (responds unevenly to external stimuli) and hygroscopic (changes 
due to absorption of moisture), and most species, under some moisture regimes, are susceptible to decay.  By 
augmenting the advantages of wood and minimizing its limitations, technology continues to increase the prod-
uct yield from a given volume of logs and improves the suitability of many species (currently used and formerly 
unmerchantable species) to old and new uses.

$ VALUE OF WOOD PRODUCTS
Three factors determine the value of a tree for timber purposes: size (larger is usually more valuable than small-
er); species (currently red oak is more valuable than red maple); and form (tall and straight, without branches, 
makes good boards). Also, markets can alter the value of timber by fluctuating according to demand. The va-
riety of wood products is very large and consequently so is the range of log values (from about $4/lb for the 
most expensive veneers to less than $0.004/lb for the cheapest fibers).  Timber values at the Yale-Myers Forest 
range from veneer logs as high as $4,000/MBF (thousand board feet) (ca. $0.32/lb) and firewood at $10/cord 
($0.0018/lb).  This price spread applies to the products of both managed and unmanaged stands, and it is a key 
factor governing the practice of forest management, including marking and harvesting.  The value of the prod-
uct also sets the appropriate limits for the precision and cost of scaling (measuring the quantity or sizes) and 
grading (measuring the quality and form).

FOREST MENSURATION
Forest mensuration is the field in forestry which has been traditionally concerned with the measurement of trees 
and stands, or products cut from them (Husch et.al., 1982).  Within this field the term scaling is used to describe 
the act of measuring a given unit of wood.  The cord is the oldest measure of fuelwood and pulpwood, defined 
as a stack of wood, bark, and air, which has the dimensions of 4 ft x 4 ft x 8 ft. (128 cubic feet).  However, pulp-
wood and small sawlogs are now increasingly scaled by weight.
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Sawtimber volume has traditionally been measured in board feet.  A board foot is a rough sawed green board 
with the dimensions of 1 in x 12 in x 12 in.  The unit is retained, even after the board is reduced by drying, edg-
ing, and planing.  1000 FBM (feet board measure) = 1 MBF (thousand board feet). Cubic measure (m3 or ft3) is 
increasingly used for estimating both total biomass and merchantable volume. The formula for the volume of 
one basic geometric solid, the frustum of a paraboloid is included in the appendix.

To calculate board feet, hundreds of log rules have been generated, but fewer than half a dozen are currently 
used in the United States.  Log rules are tables derived from formulas or diagrams to estimate the lumber yield 
in board feet of a log under specified assumptions.

OTHER TYPES OF WOOD AND UNITS
Roundwood: Logs, bolts, or other round sections (including chips from roundwood) cut from trees for indus-
trial or consumer uses (including fuelwood, sawlogs, veneer logs and cooperage logs (species used to make 
barrels) and bolts, pulpwood, piling, poles, posts, hewn ties, mine timbers, and similar round, split, or hewn 
products). Industrial roundwood excludes fuelwood. 

Plywood and panel products: Generally scaled by the square foot of specified thickness (usually 3/8 or 3/4 in).

Fiber and paper products: Commonly sold by weight (lbs for a specified number of sheets of specified size).

Piece count: Some products (e.g., railroad ties, poles) are scaled and sold by the piece.

As manufacturing becomes more complex and interrelated (with the residue–not “waste”–of one process of-
ten becoming an energy source or feedstock for the next), the need for rationalizing scaling and mensuration 
increases. But the old measures (cords and MBF) are deeply entrenched in forest management and inventory 
practice; therefore, they will persist for a long time.

Form factor Measures the taper of a log. For the butt log of a tree, the most widely used is the Girard form fac-
tor (GFF):

GFF = 100 * DIBt / DBH
Where DIBt = diameter inside bark (in) at top of the butt 16 ft log, and DBH = diameter (in) at breast height. At 
Yale Myers, the accepted average GFF for typical hardwood logs is 78.

LOG GRADING
Grading is the process of grouping trees, logs or the products cut from them into classes or grades based on 
certain criteria that reflect characteristics of quality (Husch et.al., 1982).  Hardwood logs are graded as: fac-
tory class (for logs that are assumed to be cut into lumber), construction class (for logs that are sawn into ties, 
timbers or other products that are to be used for structural and weight-bearing purposes), veneer class (for logs 
of high quality that will be peeled for veneer), and local-use class the catch all class for all other merchantable 
logs.  Softwood logs have only two classes: veneer class and sawlog class.

LUMBER GRADING
Hardwood lumber grades are based primarily on the suitability of a board to produce cuttings clear (i.e. free of 
knots) on both faces, for use in flooring and furniture parts (“hardwood dimension”).  “Softwood dimension” 
lumber (2" x 4”thick) is used almost entirely in structural applications and is graded for strength by appearance 
(number, size, spacing of knots etc.) or by stress testing.  Softwood boards (<2” thick) are graded on appearance 
(mainly size and number of knots and other defects).
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THE PRACTICE OF SCALING AND GRADING
In commercial practice in some states and provinces, scalers and graders are licensed, sometimes by govern-
ment agencies, more often by industry sponsored grading bureaus.  Grade marks on lumber denote compliance 
with formal grading standards.  In the Northeastern U.S., sawlog sales on a “woods run” lump sum basis remain 
common.  Whether buying or selling, the prudent landowner, logger, sawmill owner, or forester will insist on 
accepted local scaling and grading practices.  However, the maxim caveat emptor (let the buyer beware) which 
may well have originated in classical Rome, among buyers of timber for shipbuilding or scaffolding used in 
building aqueducts, is still applicable today.
      Herbert Winer
      Alex Finkral (updated 2003), Alex Barrett (updated 2013)

Reference:
Husch, B., C.I. Miller, and T.W. Beers.  1982.  Forest Mensuration.  Third Edition.  Wiley.  Vii + 402 pp.

Lippke, Bruce, et al. “Characterizing the importance of carbon stored in wood products.” Wood and Fiber Sci-
ence 42 (2010): 5-14. 

thE history oF hull ForEst Products
Bill and Nancy Hull purchased the Crosby farm in Pomfret, CT consisting of 43 acres in September, 1970.  This 
site was chosen over many others for the following reasons:

1. It is exactly halfway between Providence and Hartford in the heart of the Southern New England 
woodlands.

2. The land was ideally suited for a sawmill operation.

3. On the property was a colonial home well suited to country living.

The winter of ‘71-72 found mill #1, a new Lane with top saw reaching completion.  The first order of 
work involved sawing out nearly 100,000 quarter-sawn white oak stave blanks for export to the British 
Commonwealth for use in making wooden barrels to age whiskey.  By the summer of ‘72, Hull Forest Products 
had begun producing railroad ties and graded hardwood.

All lumber was graded in the grading shed on the greenchain and packed in separate piles for shipment.  Some 
uses of the hardwood lumber were casket stock, toboggan sleds, furniture, dimension, molding, oak flooring, 
and pallet material.  Business was good throughout 1973 and most of 1974.  The company decided in late 
1974 to expand operations to utilize the small diameter lower quality hardwood material prevalent throughout 
the Southern New England area.  The choice for this job was an unheard of mill called the Hartzell Dual-
matic, manufactured by Hartzell Industries in Piqua, Ohio, (known for their airplane propellers).  This sawmill 
utilizes two 50’ diameter circular saws mounted on separate arbors.  The log is dogged on the ends and passes 
between the two saws; the saws removing two slabs or boards on each pass compared to one board or slab on a 
conventional mill.  

Company personnel broke ground in October of 1974.  The equipment began to arrive by late winter and was 
installed by company personnel by September 1975.  Initial production was low and erratic since this was a 
new and as yet unproved sawmill system.  However, by March 1976, production was exceeding 20,000 board 
feet per day on the new mill, which was far above expectations.  This sawmill represented the most successful 
application of the Hartzell Dual-matic to date.  Visitors from throughout the Eastern United States were a 
common sight at the mill.
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The spring of 1976 again found the company embarking on new ventures.  Included was the erection of a new 
workshop and office building, a landscape tie treating plant and the installation of a new pulp chip loading and 
screening system.  During 1977, the company erected a new grading shed where all grade hardwood lumber 
from the mills is inspected and graded piece by piece.  The lumber was also end-trimmed on each end to give 
the lumber a better sales appearance.  Hull Forest Products also bought lumber from smaller area mills that are 
not large enough to sell to the wholesale trade.  In that respect the mill was serving as a concentration yard.  The 
company expects to expand this end of its operation with the installation of dry kilns at a future date.

Spring of 1978 saw the #1 Lane mill which was installed in 1971 removed and sold, and a Corley fully 
automatic tong-dog carriage put in its place.  The Corley is a larger sawmill with the capacity to handle bigger 
logs.  Ground was also cleared for the automatic lumber stacker, which was installed in a new building adjacent 
to the air drying yard.  An automatic stacker is a pre-requisite for an efficient kiln drying operation.

By late Fall of 1978, ground was broken and construction started on 80,000 board foot capacity of 
dehumidification dry kilns.  The first kiln was started in March ‘79 and the second one in June.  The spring of 
1979 also saw the start of a huge dry storage warehouse capable of holding 400,000 feet of kiln dried lumber.  
This building was completed in December of 1979.

William Hull of Hull Forest Products, and Russell Tefft of L. Tefft Logging entered into a partnership and 
formed the Still River Wood Co., Inc. in early 1979.  The company is located on a 60 acre site in Eastford, CT, 
and produced and marketed industrial wood fuel for local industrial plants.  The fuel consists of any species of 
wood ground up to a fine consistency suitable for automated boiler room operation.

In late 1982, Hull Forest Products decided to install its own wood residue fired boiler and expand its dry kilns.  
Construction started in December of 1982 and was completed by October of 1983, primarily by company 
employees.  This new installation which burns 50 tons per week of sawdust and hogged wood scraps has 
made the company 50% self sufficient in terms of electrical generation capacity and at the same time provides 
all steam necessary to run the company’s 200,000 board feet of dry kilns.  The older dehumidification kiln 
drying equipment, which had run on electricity, was sold and the kiln chambers converted to operate on steam.  
Hogged wood scraps will be developed as a by-product of a dimension shop which will produce kiln-dried 
furniture and cabinet parts.

The boiler is completely automatic and requires no personnel to continuously operate the plant.  It is hoped the 
use of wood chips for boiler fuel will eventually enable all tops and brush from logging operations and timber 
stand improvement work to be completely utilized.  Complete utilization in the woods as well as the mill must 
remain one of management’s top priorities.

Hull forest Products feels confident about the future of saw milling in Southern New England.  Saw milling is a 
clean industry in that there is no environmental pollution and no waste products from the operations.  It is also 
one of the few industries in the country dealing with a renewable resource.  Hull is competing with the whole 
world successfully.  Overseas export exceeded 2 million dollars in 1992.

Landowners interested in discussing management of their property for continuous crops of timber as well as for 
water, wildlife, and recreation, should call Hull Forestland Management’s Eastford, CT office at 860 974-2083. 
         
WOOD IS WONDERFUL!
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HULL FOREST PRODUCTS FACILITY NOTES
OFFICE: completely computerized for statements, purchases, billing and inventory

LOG PURCHASE SOURCES: private landowners, independents, tree farmers, municipalities, water 
companies, etc.

LOG YARD: sorts, species separation, 75 mile procurement radius (CT, MA, RI)

RING DEBARKER: peels bark off for cleanliness, and so slabs can be used for paper chips (Westbrook 
Maine and wood carpet).  Bark is used in mulch products after automatic grinding and composting for 6 months 
or more.

PRODUCTS: railroad ties, pallet boards and cants, posts & beam timbers, mulch, wood carpet, chips, wide 
pine, hardwood lumber & dimension of all grades both green and kiln dried.

MILLS: 

• Band Mill (timber and kerf sawing)

• Circular Mill

• Metal Detector

• Edger & (shadow lights)

• HMC Line Bar Resaw

• Trimmer

• File Room

• Downstairs (chipper, conveyors, screens, etc.)

KILNS: 4 kilns - 2 @ 75,000 bdft, 2 @ 35,000 bdft (We do no custom drying). Green color water based wax 
is put on lumber to prevent kiln damage from drying process.  We dry to 6-8% moisture content, pre staging for 
kilns.

CANTS SORTS OUTSIDE FILING ROOM: railroad ties, pallet cants, D-ship cants.

SAWMILL GRADING AREA: sorted by length, grade species etc.  dead piled of kiln stickered.

WOOD CARPET PROCESSOR: view from bridge crane area.

SHOP AREA: we do all our own repairs 3 full time mechanics, millwrights, electrician, etc.

GENERATOR: can generate our power if needed, frequent power loses, or shut down requests (summer 
drain).

BOILER ROOM: low pressure wood fired boiler currently burns sawdust only.  Blown into silo from the 
sawmill cellar totally automatic, clean, for less pollution than from burning oil, no sulfur in wood and no waste 
disposal problems as with nuclear plants.  We do have an oil boiler when doing maintenance or repairs on wood 
boiler.

CHOP SHOP AREA:

• Pinehero Planner - wide pine board

• Weinig-Dimpter Optimized cut-up saw to cut up knotty grade oak into clear export dimension 
pieces.  3-4-5-6” wide X 8” and longer.

• All waste ground in cellar and used to make mulch.

CONTAINER LOADING: Load at mill, ship out of Boston to Europe & Asia

WAREHOUSE: KD lumber storage, awaiting shipment, dry sales, inventory etc.  More storage at 2nd facility 
in Union, CT.
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consErVation managEmEnt PracticEs associatEd With a timbEr harVEst

Conservation Management Practices (CMPs), more commonly known as Best Management Practices (BMPs), 
establish a framework for sound forest management. CMPs were initially designed to provide guidelines for 
maintaining water quality, but the CMPs outlined below have been extended to promote the healthy functioning 
of forest ecosystems and to improve the aesthetic quality of forest operations. There are two broad categories 
of management practices: those done in the design phase and those done in the operational phase. It should be 
kept in mind that these practices are intended to provide principles for good stewardship that should be incor-
porated into all silvicultural prescriptions. The actual application of these principles will always depend on the 
specific conditions of the area of forest being considered, especially where management practices have contra-
dictory goals (e.g. the presence of slash with respect to wildlife or aesthetics). In many cases the same practice 
may meet multiple objectives. In particular, many guidelines intended to protect water quality will also help 
to maintain the integrity and productivity of forest soils. Be sure to consult the sources listed at the end of this 
document for more details about the application of these practices. 

A special note should be made about roads. The policy of Yale Forests is to use roads and trails resulting from 
past land use so new roads are seldom, if ever, needed. Nevertheless, guidelines relating to road design and con-
struction are included in these Conservation Management Practices in the event a new road is considered.

1 WATER QUALITY
Primary Objective: To maintain the physical, chemical and biological integrity of wetlands1 and watercourses2 
affected by forest management operations. 

Seasonal Roads, Skid Trails, and Landings. The number of roads will be minimized by using roads and 
skid trails remaining from past land use. New trails should only be considered where they better protect water 
quality and should be constructed according to the guidelines below.

Design:

• Locate roads and trails where water can be easily diverted. Avoid swales or low points, and the high side 
of wet or steep areas. Trails should not follow watercourses or swales.

• The width trails should be the minimum size needed for equipment.

• Skid trail grades should be less than 15%. Sections less than 300 feet can be up to 25%.

• Prevent the accumulation of surface water on roads and trails through the appropriate use of insloping, 
outsloping or crowned road surfaces, culverts and waterbars (see Table G.2, p. 151). Waterbars should 
be at 30-35 degrees from a line perpendicular to the trail and have an outsloping grade of 3%.

• Use old landings whenever possible. When new landings are required, minimize the distance between 
the landing and public roads.

• Use appropriate drainage measures, where necessary, to avoid the flow of water on to landings.

• Lay out harvests areas in a way that minimizes or eliminates skidder or forwarder activity in regulated 
areas of the harvest, which may include the designation to multiple landings where feasible.

Operational:

• Use gravel or wood chips at the entrance to haul roads to prevent transfer of mud onto public roads.

• Skid across slope and uphill where possible.

• When wetland seeps have to be crossed, use corduroy to avoid rutting.

• Control road access to prevent unauthorized use, which can compromise the integrity of roads and lead 
to increased soil transport. Permanent roads should have steel or cable gates. Seasonal roads should have 
cable gates or be blocked with boulders.
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• Limit road use and skidding during periods of wet weather and prohibit during mud season.

• Require the proper disposal of hydraulic fluid, oil and other operation-related wastes.

• Require operators to stop work and immediately inform either the Director or the Manager of School 
Forests upon leakage of any hydraulic fluid. Clean-up plans must be approved by the Director.

• Retire skid trails and landings when no longer in regular use. Remove all wood (limbs and blocks) from 
landings. Grade and drain roads as outlined above. On exposed soils, seed with appropriate grass and 
forb species and mulch as required.

Water Quality Zones (WQZs). Water Quality Zones are defined as the area occupied by wetlands and wa-
tercourses. Examples of WQZs are perennial and ephemeral wetlands, ponds, seepages, and streams.

Design:

• Retain appropriately sized buffers of trees and protect the forest floor around all perennial ponds, wet-
lands, streams and vernal pool depressions. The minimum width should be 25’. Buffer width should be 
increased on steeper grades: approximately 20 feet for every 10% change in grade.

• Thinning of buffers may be appropriate to increase edge stability, age-class distribution and structural 
diversity.

• Delineate and mark all WQZ buffers in the field during initial reconnaissance of the harvest area. Use 
blue flagging to mark zone boundaries. For WQZs defined as perennial ponds, wetlands, streams and 
vernal pool depressions, boundary trees should be painted with double doubts to clearly indicate that 
such areas are excluded from harvest operations.

• Identify all major WQZs on harvest area maps and point out their location to operators in the field.

• Maintain a minimum distance of 150 feet between WQZs and any road or skid trail.

• In regeneration treatments retain a minimum of 50% canopy coverage of regularly spaced crowns within 
50 feet of any WQZ. Be sure to maintain sufficient shade within 50 feet of any vernal pool. Exceptions 
may be made in some cases for the express purpose of promoting aquatic habitat diversity through in-
creased radiation and temperatures.

Operational:

• Schedule any machine activity in timber sales with sensitive WQZs during extended dry periods or when 
the ground is frozen or covered in snow.

• Keep all tree tops and slash at least 50 feet away from all WQZs. Leave natural debris in WQZs undis-
turbed.

Watercourse Crossings
Design:

• Minimize the number of watercourse crossings.

• Make any crossings perpendicular to the watercourse and ensure sufficient flow.

• Use appropriate erosion and sediment control measures on all temporary crossings, e.g. rip-rap, skidder 
bridges, or culverts.

• Require all watercourse crossings to be designed or approved by licensed Yale foresters working with 
operators.

• Whenever possible use watercourse crossings only during dry times or when soil is frozen.

Operational:

• Prohibit skidding or driving through flowing streams.



40

2 ECOSYSTEM PROCESSES
Primary Objective: To promote structural and biological diversity and to maintain the productive capacity and 
healthy functioning of the forest.

Stand-Level Practices:
Design:

• Prohibit highgrading or other actions motivated purely by short-term economic gain.
• Wherever possible, retain snags and current or potential den trees in a range of sizes, except where 

unsafe. Keep all snags bordering large openings (i.e. clearcuts and seed-tree cuts) or wildlife openings. 
Aim to keep approximately 5 snags per acre, one den tree per acre and all den trees within 100 feet of 
wetland and riparian zones.

• Where stands are vulnerable to invasive species, design silvicultural prescriptions (e.g. release treat-
ments such as shelterwoods) that minimize the potential for these species to spread by facilitating and 
ensuring growing space occupation with advance regeneration of desirable species prior to release.

• In regeneration cuts maintain, where applicable, a variety of soft and hard mast tree reserves to provide 
food for wildlife.

• Protect all cultural wolf trees as older elements of the forest and sources of structural diversity.
• In regeneration treatments, maintain seed trees of species that will add diversity to future stand composi-

tions
• In certain regeneration prescriptions take advantage of the topography, soils and adjacent water bodies to 

leave single or groups of reserves (often hemlock) for structure and thermal cover.
• Where appropriate, expose rocks, slash piles, or stone walls to increase surface temperatures particularly 

in thinning treatments. Increase ground cover heterogeneity.

Operational:
• Consider leaving several slash piles (4-5 feet in height and diameter) per acre for wildlife or using high 

slash for seedling protection.
• Keep several logs per acre that are greater than 12” DBH and at least 6 feet in length.
• Employ loggers with a good reputation and a demonstrated ability to minimize residual stand damage.
• Encourage in-woods processing (e.g. cut to length near stump) whenever possible toreduce residual 

stand damage.
• Minimize the amount of logging in springtime, when bark is easily damaged.
• Require the use of felling and extraction techniques that protect advanced regeneration or (where regen-

eration insufficient) create conditions that promote regeneration within three years.
• Use bumper trees on trails to minimize residual stand damage.

Landscape-Level Practices
Design:

• Promote or maintain a diversity of forest cover types (i.e. stand composition). Where appropriate, con-
sider maintaining some small openings (e.g. meadows, early successional patches) for wildlife.

• Promote or maintain stands of various ages and different stages of stand development across both single- 
and multiple-age stands.

• Stands of different types and ages should be distributed across the landscape in an irregular, patchwork 
arrangement.

• Minimize fragmentation by treating whole stands.

3 AESTHETICS, CULTURE AND HISTORY
Primary Objective: To integrate landscape design principles with forestry practices to preserve and enhance the 
scenic quality of managed forests.
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Design:

• Retain individual trees with aesthetic or cultural value where possible, e.g. wolf trees.

• Keep trees retained for wildlife near the edges of large openings.

• Use visual buffers between harvest areas and public roads, recreational trails, exposed property bound-
aries, in viewsheds and along ridgelines. Specific buffer width will depend on the density of vegetation 
and the scale of the features affected, but should be at least 50 feet.

• Seed-tree cuts and clearcuts should be irregular in shape. In areas of high visibility, i.e. near public roads 
or recreation trails, seed-tree cuts and clearcuts should be less than 300 feet across at any point. Include 
group reserves wherever possible. Where possible orient group reserves around existing or potential den 
trees and snags.

• Harvest adjacent sales at different times to promote diversity in age structure. Stagger overstory remov-
als, seed-tree cut and clearcuts by at least 10 years or have a buffer between them that is the average of 
the width of the two cuts.

• Use irregular shapes and sizes for harvest areas.

• Edges of harvest areas should be irregular in shape but windfirm. They should work with the topography. 
Edges should be feathered in density and height.

• Identify and protect cellar holes and other cultural legacies, e.g. stone walls.

Operational:

• Stumps should be cut as low as possible to reduce visual impact.

• Cut all bent over or severely damaged trees in large openings, unless a snag or den tree, and lay the stem 
flat on the ground.

• Leave landings free of blocks, unmerchantable stems and other slash.

• Use existing barways in stonewalls. Rebuild walls if a new opening must be created.

• Keep all slash at least 25 feet from public roads or property boundaries.

• Keep all slash within 100 feet of public roads and trails less than 2 feet in height. All tops and other slash 
in the remaining area of the stand should be less than 6 feet in height.
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aPPEndix i:
THE YALE FOREST SYSTEM – MANAGEMENT GOALS AND OBJECTIVES
Goals for the management of our forest system: Management, Education and Research

All of the Yale Forests are owned and operated for the purposes of research, education, and management.  These 
goals should be achieved within the context of sound, defensible land stewardship:

1. To provide a hands-on, working forest laboratory for teaching.

2. To serve as a permanent, fully owned site for scientific research, especially that which extends over sev-
eral decades.

3. To serve as a sustainable financial asset in the School’s investment portfolio.

4. To maintain the overall integrity and health of the forest ecosystem dynamic.

SPECIFIC OBJECTIVES FOR THE YALE FOREST SYSTEM:

1. The forest ecosystem dynamics paradigm is used in formulating management decisions. 
Requirements for this objective:

a. The impact of both experimental and non-experimental management on the ecosystem as a whole must 
be considered in decision making. Many activities will have effects (either positive or adverse) on dif-
ferent aspects of the ecosystem. These effects will influence the future use of the land for instruction and 
research and should be considered.

b. No activity should knowingly eliminate a species from the Yale Myers Forest. The presence of small 
populations of particular species of plant or animal may result in either a preserved area where no active 
management takes place or areas with special management measures or restrictions to protect the spe-
cies.

c. No management practices should include activity in areas where a positive future benefit is unlikely to 
result. Some areas are better left alone rather than actively managing them for no apparent gain. 

2.  All faculty members of the School should be able to use the Yale Forest System for any 
instruction or research which can be carried out on New England forestland.
Requirements for this objective:

a. A variety of stand conditions across a variety of topographic and soil conditions. This includes a variety 
of age classes, species composition, vertical foliage distribution, and stem density. This variety is needed 
for plant and tree studies as well as wildlife studies requiring different habitats.

b. Large and replicated tracts of treated (manipulated) stands spanning a variety of topographic and soil 
conditions. Many disciplines require large (50-200 acres) of each treatment, or resultant stand structure. 
These disciplines include: hydrology, forest ecology, wildlife biology or management, recreation, and 
engineering/economics.

c. “Normal” working forest conditions. It is easier either to discuss special cases in the classroom or in 
conjunction with a field trip. We need to provide many examples of intelligent, but typical management 
situations so that our students can better understand the role and significance of special cases. An excep-
tion to this requirement is when faculty members feel that certain special cases of stands or management 
techniques do not exist on other land. When this occurs we should strive to use a small part of our own 
forest for this comparison. Given the acreage constraints of our own land we should try to use existing 
special cases on other land whenever possible.
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d. Flexibility. Research ideas and funding possibilities sometimes arrive with little lead-time. It is impera-
tive that we maintain flexible forest conditions and working plans to accommodate a large range of 
research needs. Large amounts of land with abnormally high or low amounts of certain species (either 
plant or animal) or abnormal stand or habitat structures that can not be quickly restored should not be 
maintained unless the situation is truly unique and does not exist on non-Yale land available for research. 
Maintaining non-unique, but unusual situations which can not be rapidly changed over large areas limits 
the use of our land to a small number of specialized research opportunities. Special situations should be 
created in response to an existing or potential research need that a specific faculty member or faculty 
group wants to explore rather than general anticipation by faculty members not likely to be involved in 
the research.

e. Historic documentation. Records need to be kept such that all management activities and changes in 
forest structure are documented.  Stand and compartment histories are frequently needed for research 
studies. Documentation includes quantitative data, written descriptions, maps, and photos. Copies of 
all reports and research papers covering work conducted on the forest should be maintained. Monitor-
ing and inventory data should be collected in a cost efficient manner to the specifications of individual 
faculty members who need or want the data. Faculty members that request this type of data need to be 
directly involved in the collection and analysis. They should also provide a copy for the use of others of 
any analysis that is performed. All records should be maintained in a manner that makes them readily 
accessible to any faculty member who needs them.

f. Willingness to experiment. High priority needs to be given experiments which involve treatments that 
are not readily accepted among working professionals. Whenever possible these experiments should be 
confined to small areas of land so as not to conflict with other uses needed by other faculty members. 
Experiments using innovative, unorthodox techniques are seldom welcome on other people’s land. These 
experiments need to be carefully supervised by specific faculty members who either have the required 
expertise themselves or have a working relationship with another researcher who does. Responsibility 
for the maintenance and consequences of these experiments should rest with the specific faculty member 
involved, but most not jeopardize the long-term condition of the forest.

g. Destructive sampling cannot be discouraged. Many times instruction or research can be enhanced by the 
destructive sampling of trees, other plants, or animals. This activity is often impossible or difficult on 
other people’s land.  Any destruction should be justified as necessary to meet the instruction or research 
needs of the faculty member, must not interfere with the existing needs of another faculty member, must 
not jeopardize the long-term condition and objectives of the forest and must be carried out in accor-
dance with all laws and University and School Forest guidelines and regulations. Large-scale destructive 
experiments requiring more than several hundred acres would be difficult to accommodate given the 
multiple objectives of the School Forest System.

h. Whenever possible students should be included in meeting faculty member objectives. The instructional 
potential of the Forest will be enhanced if students are used in faculty work and faculty members super-
vise student projects within their own areas of expertise.

i. Facilities be maintained (or constructed) only as dictated by instructional or research needs. Money 
should be allocated to buildings (including classrooms, living areas, laboratories, and storage space) 
when necessary. Given the difficulty of maintaining structures away from New Haven, temporary solu-
tions should be explored before the construction of permanent facilities.

3.  It should be possible for any faculty member of the School to use the Yale Forest System to 
develop or practice professional management expertise.
Requirements for this objective:



45

a. Management activities conducted in a professional manner. The “working forest” character of the for-
est should be maintained. All operations should follow normal business and legal constraints. Whenever 
possible we should avoid employing special legal exemptions and unusual financial benefits given to 
universities of our type so that management experiences on our land are applicable to other ownerships.  
Care must be taken, however, not to set any legal precedents that might adversely affect other University 
activities.

b. Association with landowners and organizations devoted to forested land management. Management of 
our land needs to be carried out in association with other landowners. It is important that faculty want-
ing management experience understand which practices are commonly accepted and which are different 
and perhaps innovative. It is also important for other land managers to see and understand management 
practices on our land so that faculty can obtain feedback and input concerning practical implementation.

c. Non-experimental management practices be conducted without the influx of external capital. As a fac-
ulty we should practice management in a “real” sense. Although the Forest as a whole may have an oper-
ating deficit because of the research and instruction components of the objectives, fundamental manage-
ment (not necessarily specific practices) should be at least “break-even.”

4. All faculty members of the School should be able to establish research plots (either long or 
short term) without fear that the study will be destroyed before completion.
Requirements for this objective:

a. Faculty members discuss their research needs with the Director before establishing plots. It is important 
that the location, expected duration, and needs of studies be coordinated between competing uses.

b. Plot locations be marked and mapped for use of all faculty. Long-term security is based on knowing the 
location and purpose of each plot.

c. Management changes (including land sale) which affect the integrity of an ongoing research project 
are only made when the best interests of the entire School are at issue. If a faculty member responsible 
for a research project feels that the Director or the Dean is instigating a change in land use or manage-
ment that will adversely affect the project he or she may appeal to the BPO of the School to prohibit this 
change.

5. The total value of the Yale Forest System should be caused to continue to rise.
Requirements for this objective:

a. The forests must be managed in a way to return a generally positive cash flow to the School. Although 
increase in value is based on a combination of land value, growing stock value, and cash flow, some of 
the increase should be captured for annual return.

b. When unusual circumstances occur attempts to “lock in” the return should be explored. This is especial-
ly true in terms of short-lived market conditions for certain products. It could also include transactions 
such as the sale of development rights during high real estate markets. Land ownership should be main-
tained and outright sale of land avoided.

c. Inventory estimates be made on a regular basis. Reliable estimates of all products (and potential prod-
ucts) with a monetary value should be made when necessary. A major assessment should be made every 
ten years and an interim assessment should be made after five years.

d. The possibility of decreasing growing stock should not be dismissed. Given the present and changing 
age structure of a maturing forest, prudent financial management might include a decrease in growing 
stock at some time in the future.

6. The Yale Forest System should represent a source of financial flexibility for the School.
Requirements for this objective:
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a. Cash flow options determined annually for subsequent five-year period. Options for both sales and costs 
for the immediate future should be presented to the Dean each year for the School’s fiscal planning.

b. Opportunities for investment should be determined each year along with expected rates of return. Money 
can be invested in forest management (such as stand tending and roads) which will result in a short-
term deficit, but a long-term gain. These opportunities can be important to the School in years of budget 
surplus.

c. Efforts should be made to reduce financial risk of unusual events such as storms or disease. The product 
mix should include enough diversity that flexibility can be retained in times of disaster. The Director 
should also stay informed of information that would lead to better predictions of disasters. The overall 
financial exposure to different types of risk should be determined on a regular basis.

 
7. The School should make information available to the public regarding current activities on 
the Yale Forest System. 

Requirements for this objective:

a. Each year a brief written description of current activities on the Yale Myers Forest be prepared and made 
available to the School. This report should be a short, accurate portrayal of all management activities on 
the Forest. The report should be given to the Dean.

b. The Director should be available to answer more detailed public questions. It is important that every ef-
fort be made to disseminate information and that the public not assume that we have “hidden” operations 
or intentions.

c. A conscious effort should be made to educate the public and the profession of forestry about research 
findings on the School Forests. We will do this through seminars, published literature, a newsletter and 
demonstration areas.

8. The Yale Forest System should be available to researchers and faculty outside of the 
School.
Requirements for this objective:

a. All outside activities coordinated through the Director. Activities by people not part of the faculty of this 
School should not interfere with our own activities.

b. Copies of reports and papers generated from work on the Forest kept on file. A direct benefit to the 
School by outside work is access to the findings.

c. Costs (including administrative) to the School for the activities of outsiders should not exceed benefits. 
This should be interpreted very liberally.  Benefits include returns that are difficult to quantify such as 
information. Likewise costs should include factors such as restrictions placed on other activities in the 
Forest. Every effort should be made to collect direct and indirect costs from research projects on the For-
est.

d. Efforts should be made to make the opportunity of work on the Forest known to potential users. It is 
important that the possibility of doing work on this Forest be generally known to others. General com-
munication should be the result of professional relationships between our faculty and colleagues in their 
discipline.

[Yale School Forest website, January 2008]
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aPPEndix ii: 
From: Brower, J.E., J.H. Zar and C.N von Ende. 1998. Field and Laboratory Methods for General Ecology. 
WCB MacGraw Hill Publishers: Dubuque, Iowa; Pp. 273.



48



49



50



51



52

aPPEndix iii:
Common Woody Species of Yale-Myers Forest
Scientific Name  Common Name  Native Status  Habit^   Site
Acer rubrum**  Red Maple  Native   Midstory/Canopy  Broad
Acer saccharum*** Sugar Maple  Native   Canopy   Mesic
Betula alleghaniensis** Yellow Birch  Native   Canopy   Mesic / Wet
Betula lenta**  Black Birch  Native   Canopy   Dry / Mesic
Betula papyrifera** Paper Birch  Native   Canopy   Dry
Carya cordiformis* Bitternut Hickory  Native   Canopy   Mesic
Carya glabra*  Pignut Hickory  Native   Canopy   Dry
Carya ovata*  Shagbark Hickory Native   Canopy   Dry
Carya tomentosa* Mockernut Hickory Native   Canopy   Dry
Fagus grandifolia* American Beech  Native   Canopy   Dry / Mesic
Fraxinus americana** White Ash  Native   Canopy   Mesic
Juglans cinerea  Butternut  Native   Canopy   Mesic
Larix spp.  Larch   Planted   Canopy   Dry / Mesic
Liriodendron tulipifera** Tulip Tree  Native   Canopy   Mesic
Nyssa sylvatica  Black Gum  Native   Canopy   Mesic / Wet
Picea abies  Norway Spruce  Planted   Canopy   Mesic
Pinus resinosa**  Red Pine  Planted   Canopy   Dry
Pinus strobus***  Easten White Pine Native   Canopy   Dry / Mesic
Populus grandidentata* Big-toothed Aspen Native   Canopy   Dry / Mesic
Populus tremuloides* Trembling Aspen  Native   Canopy   Dry / Mesic
Prunus serotina*** Black Cherry  Native   Canopy   Dry / Mesic
Quercus alba***  White Oak  Native   Canopy   Dry
Quercus coccinea** Scarlet Oak  Native   Canopy   Dry
Quercus palustis  Pin Oak   Native   Canopy   Wet
Quercus rubra**** Red Oak   Native   Canopy   Mesic
Quercus velutina** Black Oak  Native   Canopy   Dry / Mesic
Sassafras albidum Sassafras  Native   Canopy   Dry / Mesic
Tilia americana  American Basswood Native   Canopy   Mesic / Wet
Tsuga canadensis* Eastern Hemlock  Native   Canopy   Broad
Acer pennsylvanicum Striped Maple  Native   Midstory  Dry / Mesic
Betula populifolia Grey Birch  Native   Midstory  Dry 
Carpinus caroliniana Musclewood  Native   Midstory  Mesic
Castanea dentata  American Chestnut Native   Midstory  Dry
Cornus florida  Flowering Dogwood Native   Midstory  Mesic
Crateagus spp.  Hawthorn  Native   Midstory  Dry / Mesic
Ostrya virginiana  Hop Hornbeam  Native   Midstory  Dry
Alnus serrulata  Smooth Alder  Native   Shrub   Wet
Berberis thunbergii Japanese Barberry Naturalized / Invasive Shrub   Broad
Clethra alnifolia  Sweet Pepperbush Native   Shrub   Wet
Cornus alternifolia Alternate-leaf Dogwood Native   Shrub   Mesic
Cornus stolonifera Red-osier Dogwood Native   Shrub   Mesic / Wet
Corylus cornuta  Beaked Hazelnut  Native   Shrub   Dry / Mesic
Hamamelis virginiana Witch Hazel  Native   Shrub   Mesic / Wet
Ilex verticillata  Winterberry  Native   Shrub   Wet
Kalmia latifolia  Mountain Laurel  Native   Shrub   Broad
Lindera benoin  Spicebush  Native   Shrub   Wet
Rosa multiflora  Multiflora rose  Naturalized / Invasive Shrub   Mesic / Wet
Rubus spp.  Blackberry, Raspberry Native   Shrub   Dry / Mesic
Vaccinium angustifolium Lowbush Blueberry Native   Shrub   Dry
Vaccinium coyrmbosum Highbush Blueberry Native   Shrub   Mesic / Wet
Viburnum acerifolium Maple-leafed Viburnum Native   Shrub   Dry
Viburnum alnifolium Hobblebush  Native   Shrub   Wet
Toxicodendron radicans Poison Ivy  Native   Shrub / Vine  Mesic / Wet
Vitis spp.  Wild Grape  Native   Shrub / Vine  Broad 

*Rates general value of tree for timber with **** being most valuable   
^Habit refers to ultimate size of species, but individuals may be found in other strata
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aPPEndix iV:
MATH FORMULAS AND CONVERSION FACTORS 

1 meter (m)   = 3.281 feet (ft)
1 inch (in)   = 2.54 centimeters (cm)
1 chain    = 66 ft
1 mile (mi)   = 5280 ft
1 mile    = 80 chains
1 kilometer (km)   = 1000 m
1 km     = .6214 miles
1 acre (ac)   = 43,560 square feet (ft2)
1 hectare (ha)   = 10,000 square meters (m2)
1 hectare (ha)   = 2.471 ac
1 square meter/hectare (m2/ha)= 4.355 square feet/ acres (ft2/ac)

Circle:  Area =  π * radius2   =   π *diameter2/4
  Circumference =  2π *radius  =    π* diameter 

Rectangle: Area = length * width

Triangle: Area = .5 * base * height

Trigonometry of right triangles

 tan α =  opposite sin α = opposite cos α = adjacent
   adjacent   hypotenuse   hypotenuse 

  [Tom’s Old Aunt    Sat On Her  Coffin And Hollered]

 hypotenuse2 = opposite2 + adjacent2

Statistical Formulas & Example

Sample Mean 

Standard Deviation (s)

n = number of samples
x = each sample value
Σ   means to sum across the values     

€ 

s =
x − x( )∑

2

n −1€ 

x =
x∑
n€ 

x( )
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aPPEndix V:

Crew Bag Equipment Checklist

Monday Tuesday Wednesday

Crew #

Member Initials

Backpack

Diameter Tape #1

Diameter Tape #2

Clinometer

Compass #1

Compass #2

Angle gauge #1

Angle gauge #2

Stakes (x5)

Distance Tape (50 m)

Distance Tape (30 m)


