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Chapter 1: Introduction

to collect forest ecological evidence in

Ecological monitoring can be de‐

their adaptive management efforts.

fined as the collection and analysis of re‐

As you read through this handbook,

peated observations or measurements to

you will gain an understanding in this

evaluate changes in condition and pro‐

chapter of the importance of ecological

gress toward meeting a management ob‐

monitoring to any forest collaborative ef‐

jective. In this case, ecological monitoring

fort, or any forest project. You will also

is concerned with forests. The purpose of

learn the guiding principles we have used

this handbook is to provide the reader

in putting this handbook together. In

with a simple overview of what is involved

Chapter 2 provides an overview of the

in ecological monitoring in the context of

steps that can be taken when conducting

collaborative forest projects. We hope this

an ecological monitoring program. Chap‐

handbook with facilitate participatory,

ter 3 provides you with the concepts that

multi‐party monitoring for managers, sci‐

are important when considering the well‐

entists, but especially non‐scientists. As

being of our communities and the sur‐

communities and stakeholder groups

rounding forests. We also provide a brief

around the State of Colorado collaborate

description of what current science tells

about their forest landscapes and the pos‐

us about Colorado’s forest types. We then

sible needs for fuels reduction, restoration

get into the nuts and bolts in Chapter 4 of

or conservation, and watch their efforts

how to get an ecological monitoring pro‐

take shape on the ground, the next step is

ject going, how to select what to measure

to ensure the desired objectives are

in ecological monitoring (indicators), and

achieved. If the objectives are indeed

then how‐to’s to collect the information

achieved, the monitoring evidence will

(protocols), related to those indicators.

demonstrate this. If the objectives are not

Chapter 5 provides information on how to

achieved and the results differ, this will

analyze the evidence you have collected

allow place‐based learning to inform next

and in Chapter 6 we wrap up with some

steps. This cycle is known as adaptive

thoughts on how to use the collected evi‐

management (see Figure 1). We hope this

dence in collaborative deliberations and

handbook will help collaborative groups

adaptive management. In the last section
4

we provide a list of references, other help‐

tional or different information that can

ful resources and documents.

make it more helpful.
The criteria used to include the sam‐

Principles Used in this Handbook

pling methods and protocols in Chapter 4

This handbook is a living docu‐

are:

ment. As we at the Colorado Forest Resto‐

1. Compatibility for use by non‐

ration Institute learn about Colorado’s

scientists in community forestry efforts.

communities and landscapes, new and

2. Will deliver the most valid and re‐

more efficient monitoring methods, and

liable data.

new scientific evidence, this handbook will
be adapted accordingly. We hope this

We at CFRI and others are learning

handbook is helpful and look forward to

about new evidence collection methods

learning from our readers about addi‐

that are logistically feasible to collect as

5

well as valid and useful. In this handbook

evidence and/or no means of transporta‐

we provide a tried and true methodology

tion, it is better to come to grips with these

that works well with USDA Forest Service

realities earlier than later. Exploring these

needs and can provide valuable informa‐

capacities in early conversations can open

tion for community forestry efforts, espe‐

up the way to adaptive management, or

cially at the stand level (1/20th acre plot).

avoid disappointment. We have provided

We also provide a newer methodology

resources in the back of this document

that we are continuing to test which

that provide more insights and guidance

shows a lot of promise to track changes

on these factors.

over time especially in relation to land‐

Ecological monitoring is the exercise of

scape scale forest restoration efforts (half

using the same scientifically tested meth‐

acre plot) Lastly, we briefly provide infor‐

ods, in the same places, repeatedly. But

mation on a third method that is working

there are some differences between eco‐

well in low‐elevation ponderosa pine for‐

logical monitoring and science:

ests in New Mexico and Arizona.

1) Ecological monitoring allows citizen

There are constraints to ecological

scientists to collect place‐based evidence,

monitoring. For example, it can provide

bearing social capacity, time, money, logis‐

valuable information and help a collabora‐

tical and other factors into consideration.

tive group find a common zone of agree‐

The purpose is not to collect scientific data

ment but it is also a time intensive under‐

that will undergo the strict review that sci‐

taking. Communities and collaborative

entific data generally experiences. Moni‐

efforts are encouraged to have honest con‐

toring is meant to explore whether man‐

versations about their ability to conduct

agement actions achieve the objectives

ecological or any other kind of monitoring.

that were sought. As long as the same

If social values, attitudes and preferences,

measurements are taken over time in the

financial or managerial factors are not

same place, and the constraints are made

conducive to adaptive management, it may

explicit, the evidence collected will be

not make sense to invest in monitoring. If

valuable to collaboration and forest man‐

there is no one to coordinate efforts, no

agement.

people with the time and ability to collect
6

2) Ecological monitoring as described in

holders who are designing and imple‐

this Handbook is in relation specifically to

menting forest restoration and hazardous

place‐based, diverse stakeholder data col‐

fuel reduction treatments.

lection efforts in relation to forest projects

The Colorado Forest Restoration

on their landscape, with the purpose that

Institute (CFRI) endeavored to use the

it is used through adaptive management in

handbooks created by our colleagues in

relation to specific forest management ac‐

Arizona to provide a similar service to our

tivities. Science is hardly ever conducted

constituents in Colorado. However, it

with this focus.

soon became clear that we would need to
start from scratch because Colorado’s ge‐

How this Handbook was compiled

ography is very different, and therefore

The Ecological Restoration Insti‐

also contains more, and more varied, for‐

tute in Arizona published a series of hand‐

est types. This in turn has implications for

books regarding multiparty monitoring

the fundamental challenge encountered in

with funding through the USDA Forest Ser‐

multi‐party monitoring: how can reliable

vices’ Collaborative Forest Restoration

and valid evidence be obtained by partici‐

Program around 2006. The Ecological

pants, often volunteers who don’t have a

Restoration Institute, Colorado Forest Res‐

science background, don’t have a lot of

toration Institute and the New Mexico For‐

time, and working with usually under‐

est and Watershed Restoration Institute

funded collaboratives?

are sister organizations created under the

In order to address these chal‐

same Congressional Act, the Southwest

lenges in a manner that meets Colorado’s

Forest Health and Wildfire Prevention Act

specific needs, we used a number of re‐

(P.L. 108‐317). Through these institutes,

sources to compile this handbook:

together known as the Southwestern Eco‐

1. CFRI’s own experiences with collabo

logical Restoration Institutes (SWERI) a

ratives around the State of Colorado.

science program was created with as main

In our work with collaboratives work‐

focus the development, translation and

ing to restore and/or reduce fire risk,

provision of the best available science to

we gained first‐hand experience of the

land managers, practitioners and stake‐

challenges Colorado collaboratives face
7

when conducting ecological monitoring

3. A Colorado advisory panel consisting

projects. We have helped design and

of ecologists, silviculturalists, forest

implement ecological monitoring pro‐

managers and agency staff. If our ex‐

jects for a variety of forest projects with

perience helps us address the place‐

different objectives in different forest

based challenges of establishing a moni‐

types and this experience has allowed

toring program, the advisory panel helps

us to provide the reader with informa‐

us ensure that the sampling protocols

tion and suggestions that are uniquely

that we describe in this manual will re‐

suited to Colorado’s communities and

sult in projects obtaining valid and reli‐

landscapes. This experience also allows

able evidence. It is critical that the evi‐

us to provide the reader with informa‐

dence obtained can be trusted by all par‐

tion and suggestions that take logistical,

ticipants and stakeholders, and using

cost and other realities.

scientific methods that have been tested

2. Experiences and knowledge of our

and peer reviewed by scientists will help

sister organizations and their part

ensure this. Using this panel and the col‐

ners. In October 2008 a workshop of

lective knowledge and experience ob‐

professionals involved in multi‐party

tained from our sister organizations and

stakeholder monitoring in New Mexico,

other institutions, we have compiled in

Colorado and Arizona sought to build a

this handbook forest measurements, and

common understanding of the types of

measurement protocols, that will allow

indicators and monitoring methods that

our readers to obtain evidence that will

are proving to be most useful and cost

be useful, while being most cost and time

efficient to monitor the effectiveness of

efficient. This manual is a living docu‐

restoration/land treatments in forested

ment which will be updated and im‐

ecosystems in the Southwest. They

proved with increasing knowledge and

also discussed and developed strategies

experience.

to overcome common challenges to ef‐
fective forest monitoring and its inte‐
gration into land management decision
making (ERI, 2008).
8

What is Ecological Monitoring?

These questions are often impor‐

Sometimes we want to see what the

tant for another reason: collaboration is

difference is in tree regeneration before

hard work, and with many different values

and after a thinning. Sometimes we want

around the table, it is important that

to see whether aspen start growing where

stakeholders can trust their process and

lodgepole pine were established before a

trust its outcomes. So ensuring that goals

patch cut was conducted. Or ensure that

are met as envisioned by a group of differ‐

native grasses and flowers come back af‐

ent stakeholders can be an important step

ter a prescribed burn was performed. Or a

in reaffirming trust in their process. And

goal might be a combination of these

if, because efforts were undertaken to ex‐

things. Increasingly, groups of community

plore these questions by collecting evi‐

stakeholders with diverging values are en‐

dence, it appears that goals are not being

gaged with government agencies and non‐

met, then this information can provide a

profits to plan and implement different

collaborative effort with the opportunity

kinds of forest management treatments.

to learn more about their landscape and

These treatments include the thinning of a

help inform future management options.

forest stand, the implementation of pre‐

This is known as adaptive management

scribed burns, patch cuts or even clear‐

(See Figure 1). However, the only way to

cuts. They are usually done because

answer these questions is to collect infor‐

enough stakeholders are concerned about

mation, preferably before and after a

fire risk, or the health of their forests, or

treatment, on the ground.

both. Once the initial collaborative deci‐

Since its inception, the Colorado For-

sion making has taken place, and commu‐

est Restoration Institute (CFRI) has been in-

nities see their deliberations take shape

volved in finding answers to the question

on the ground, the big question is often

“were we right?” CFRI has published a se-

whether the objectives that they hope to

ries of documents describing Historical

achieve, will actually be achieved. “Were

Range of Variability in various forest types

we right? Are we meeting our goals?” are

to provide forest collaboratives with informa-

often the questions.

tion regarding forest dynamics in their area
(see chapter ). CFRI has also helped to con‐
9

duct place‐based forest assessments to

·

Are we going to get native flowers,

provide community collaboratives in Colo‐

shrubs and grasses growing back after

rado with baseline information about their

mechanical and prescribed burn treat‐

forests’ conditions. This information is

ments or will there be an increase in

used in ecological monitoring to compare

non‐native species, which don’t pro‐

intended outcomes with actual results af‐

vide any benefit to wildlife?

ter treatments. CFRI has also been work‐

·

In areas where we think aspen will re‐

ing with a number of collaborative efforts

spond well to treatments, will we see a

to design and implement ecological moni‐

lot of aspen sprouting up? How much

toring projects, to help answer that ques‐

work do we need to do so that enough

tion of “were we right?” and help deter‐

aspen will come back so wildlife can

mine whether all their hard work is paying

benefit and aspen groves can success‐

off. (You can find these assessments and

fully establish themselves?

other documents on our website http://
warnercnr.colostate.edu/cfri‐home).

The only way to answer these ques‐

Each of these collaborative efforts

tions with any kind of confidence is by do‐

are dealing with different kinds of vegeta‐

ing ecological monitoring. Ecological

tion types and are working with a unique

monitoring means figuring out what your

set of economic, social and ecological cir‐

questions are, finding ways to take meas‐

cumstances. In western Colorado people

urements in such a way that you can trust

like Pam Motley and fellow residents in

your results, analyzing your data and then

the Montrose and Delta areas who work in

using the evidence to establish whether

the Uncompahgre Mesa Project have a

the project’s original goals and objectives

whole list of questions. Here are a few:

are being met, or whether different steps

· Are we restoring this forest, so that we

need to be taken. Going through a moni‐

have more clumps of trees, and more

toring process and then assessing the pro‐

meadows?

ject’s effectiveness based on this evidence

· After all the mechanical and prescribed

is critical to adaptive management.

treatments have taken place, will fire

Collaboration, monitoring and

stay closer to the ground in the future

adaptive management are all part of the

and rejuvenate flowers, shrubs and

same cycle that can allow place‐based

grasses, so wildlife can benefit?
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groups of people to work together to

achieve multiple objectives in relation to

and progress that grantees make on their

their surrounding landscapes.

landscapes and for their communities.

Ecological monitoring is only one
kind of monitoring. A community forest

Monitoring for Placebased Learning

group may want to make sure that the jobs

While it may be easy to identify the

are also created. Or that skill sets that

primary forest type you are working in by

were lost, e.g. the skills to conduct logging

identifying the dominant tree species, it

operations and safely transport logs to a

may be more difficult to understand the

mill, are regained. Tracking these kinds of

subtype or history of the forest you are

objectives is called social and economic

considering. It may be necessary to gauge

monitoring. In this handbook we concen‐

the specific fire and management history

trate on ecological monitoring but we have

of the area under consideration. This can

provided resources in the back of this

provide valuable information about why

handbook that can help you explore these

current patterns exist on a landscape and

types of monitoring.

how it might be possible to change them.
Monitoring provides a direct link

Why do Ecological Monitoring?

between a landscape and the people who

Monitoring to meet Legislative or Grant

work and live in it. The process of diverse

Requirements

stakeholders becoming familiar with a

There are a number of pieces of

landscape, planning and implementing

legislation that mandate that federal land

forest projects, monitoring the response

management and other agencies conduct

on the ground to those projects and using

these kinds of ecological monitoring, in‐

that monitoring evidence in next steps al‐

cluding the National Environmental Pro‐

lows a collaborative effort to become inti‐

tection Act or NEPA (1969) and the

mately knowledgeable of a landscape.

Healthy Forest Restoration Act (2003).

This type of collaborative learning can in

Grant funding organizations such as Na‐

turn benefit both community and land‐

tional Forest Foundation and the USDA

scape in economic, social as well as eco‐

Forest Service’s Collaborative Forest Res‐

logical ways.

toration Program also require ecological
monitoring, and frequently also social and
economic monitoring, to track the learning
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Monitoring for Adaptive Management

logical monitoring methods and problem

For adaptive management to work,

solve together. These skills can translate

it is important that clear objectives are de‐

into resume building and potential future

fined. Objectives state a specific desired

employment for community members. In

ecological condition or change in condi‐

addition, the process of ecological moni‐

tion. Management is tailored to meet

toring creates shared knowledge of a land‐

these objectives and monitoring is com‐

scape, which can be helpful for changing

pleted to make sure management actions

perceptions and reaching consensus about

are working. Adaptive management uses

what actions to take. Finally, collaborative

monitoring data to decide whether to con‐

monitoring may be one method for evalu‐

tinue on the current management course

ating the success of a collaboration and

(if objectives have been met) or to change

their commitment to adaptive manage‐

course (if objectives have not been met)

ment.

(See Figure 1).
Other Reasons to Collect Data
Monitoring to Strengthen Collabora

Monitoring is only one reason why

tions

collaborative groups may collect ecologi‐
Multi‐party collaboration seeks to

cal data. Groups may also want to simply

bring together individuals from different

know what is out there or catalog the

backgrounds in order to work together to

work that already has been done

gain knowledge about a resource and how

(inventory), if projects were completed as

it reacts to different management actions.

planned (implementation), how natural

Ecological monitoring within a collabora‐

systems work (natural history studies),

tive group may build trust, cultivate new

what the cause of a phenomenon is

skill sets, create shared knowledge and

(research) or how a resource is changing

serve mas one evaluation of the success of

over time (monitoring change). These

collaboration. The process of data collec‐

types of data collection also provide in‐

tion can build trust between diverse stake‐

creased information about the resource

holders as they learn about a landscape

and can be beneficial to projects. For more

and agree to collect data together in stan‐

information about these types of data col‐

dardized ways. Monitoring also builds

lection, please see Elzinga et al. 2001,

new skills as individuals learn about eco‐

12

Chapter 1.

Chapter 2: Starting an
Ecological Monitoring
Project Using the 5‐Step
Multiparty Monitoring
Process

meeting, start by discussing the project goals

Step 1: The multiparty meeting

the same thing when they use these words. It

and possible effects the project could have on
the environment, the economy, or the community. It may be necessary to discuss some
terms, like "restoration" "large tree" or
“community” to be sure that everyone means

is important to have a common understand-

The first step in building a multiparty

ing of the goals and possible impacts of the

process or collaborative is to identify and

project before you discuss what to monitor.

invite participation from stakeholders. A

Next, identify the possible outcomes

stakeholder is a person or group that could

that the group wants to monitor. These are

affect or be affected by your project, or sim-

your monitoring goals. Many groups identify

ply someone who has an interest in a forest

monitoring goals like 'reduce risk of crown

project. Stakeholders include all project part-

fire' and restore historical stand conditions”.

ners, including land managers with manage-

Make sure everyone understands that the

ment authority on the restoration site. Other

purpose of monitoring is to track changes

stakeholders could include local community

over time to determine if the project is meet-

members, businesspeople, ranchers, conser-

ing its goals and how it is affecting other re-

vation advocates, Tribal leaders, irrigation or

sources. Once your group has decided what

watershed interests, homeowners, traditional

outcomes it wants to monitor, it should dis-

forest product users, wildlife managers, rep-

cuss and choose monitoring indicators. Indi-

resentatives of local educational institutions,

cators are specific measures of change, such

resource management agencies, etc.

as “tree density” or “presence of native grass

Once you have identified stake-

species”. This guide lists commonly used

holders, invite them to a multiparty meeting

indicators for forest ecological monitoring

to discuss the project and how to monitor it.

projects in Chapter 4 . (see also the USDA

The first multiparty meeting should be held

Forest Service Collaborative Forest Restoration

when the project proposal is being developed

Program website

or soon afterward, before any on-the-ground

http://www.fs.fed.us/r3/spf/cfrp/monitoring/

activities have begun. At your multiparty

for more ecological, economic and social
13

Figure 2. The 5-Step Multiparty Monitoring Process.

monitoring documents published by the Eco-

your monitoring plan to reflect your monitor-

logical Restoration Institute).

ing budget.

Lastly, you should discuss who has

Step 2: Developing your
monitoring plan

the time, expertise, and equipment necessary
to do the monitoring. You may want to reach

The monitoring plan describes what

out to resource management agencies or

you will be monitoring, who will collect

community groups for monitoring assistance.

what information, when, and how the infor-

Many CFRP projects involve school groups

mation will be gathered. A monitoring plan

or Youth Conservation Corps in data collec-

template is provided on the following page.

tion. Others hire consultants to do the data

A monitoring plan generally has six basic

collection and analysis. Consider your moni-

elements:

toring budget, and read the budget informa-

1. Goals: What you hope to accomplish with

tion in this guide. You may need to revise

the project. You can take goals directly
14

from e.g. a grant application and put them

goals of your project. For each goal, list one

in your monitoring plan. An example of a

or more measurable indicators, and what

goal is "Reduce tree density in over-

methods you will use to measure those indi-

stocked stands."

cators. Discuss how much and what kinds of
monitoring are possible given your budget,

2. Indicators: What you will measure to
track progress on meeting your goals. For

resources, and the abilities of your monitor-

example, to track progress on the goal of

ing partners. Next, narrow the list of all pos-

reducing stand density, your indicator

sible indicators down to those that are most

would be trees per acre.

important and can realistically be measured
given your available time, money, and re-

3. Methods: How you will measure each of
your indicators. For example, for the indi-

sources. Finally, decide who will be respon-

cator "trees per acre," your method could

sible for each task and how they will be in-

include recording the number and species

volved, and construct a timeline for collect-

of all trees within 30 or more large plots.

ing both baseline and post-treatment data.

4. Sampling design: Where will you measure your indicators. What sampling design

Step 3: Data gathering and
management

will you use? For example, you may de-

There are a few precautions you can

cide to locate 3 measurement plots across

take to help ensure that your monitoring will

your site, each 500 feet apart.
5. Sampling schedule: When you will meas-

be useful for evaluating the effects of your

ure your indicators. Indicators must be

project. Keep the following in mind for all

measured more than once - at the mini-

forms of data collection:

mum they should be measured before pro-

•

ject activities begin, and after they are

your project activities such as forest treat-

complete. Monitoring tracks change over

ments. Baseline data provides a record of the

time, and two measurements, before and

area in question before the treatment so that

after project activities, are essential.

you can make a comparison and see whether

Gather baseline data before beginning

the management action had the desired ef-

6. Responsible parties: Who will measure

fect. It is important to use this baseline data

each indicator.

when you develop your site-specific ecologi-

To create a monitoring plan with your

cal prescription. Don't wait until the end of

multiparty team, start by identifying the
15

your project to start thinking about monitor-

check the quality of the data while the infor-

ing. (One resources is "Short Guide to De-

mation is fresh.

veloping Ecological Prescriptions for CFRP

•

projects at www.nmhu/nmfwri/cfrp.html).

that contain monitoring data. Never leave

•

data records only on the computer; they may

Use the same data collection methods for

Regularly back up any electronic files

baseline as you do for post-treatment moni-

be lost.

toring.

Data collection methods differ depending on

•

what indicators you are measuring. See

Make sure that monitoring partners are

familiar with data collection methods before

Chapter 4 for detailed data collection meth-

collecting any real data. Individuals and

ods.

field crews who are going to collect monitor-

Step 4: Data analysis

ing data should be trained in standard data

Data analysis is the way to make

collection methods so that your results are
reliable. The Colorado State Forest Service,

sense of the information you have collected,

the USDA Forest Service and the Colorado

by turning raw data such as numbers on data

Forest Restoration Institute can help you find

sheets into meaningful measures of change.

individuals who can help.

Data analysis methods for are described in

•

Chapter 5 in this guide. Some general con-

Keep detailed records of what was moni-

tored, where exactly your sampling is lo-

cepts that are useful when analyzing any kind

cated, and when, how, and by whom data

of data are described here.

were collected.
•

Compiling data

Practice good data management. Your

Often the first thing to do when ana-

data sheets should be clearly marked with the
date and location. Make copies of your data

lyzing data is to compile similar types of

sheets and store each set in a different place.

data. For example, if you collected baseline

•

and post-treatment data on tree density, you'll

If you are using computer software to

first want to find out:

store and analyze your data, you should do

•

your data entry and analysis as soon as possi-

What was the average tree density before
treatments were implemented?

ble after collecting data. This will help pre•

vent data loss, and also allows you to double-

What was the average tree density once
treatments were complete?

16

•

The most important part of monitor-

What was the average tree density once
treatments were completed after 3 or 5

ing is figuring out what the information you

years?

have collected and analyzed means. In the
multiparty assessment process, project part-

Determining change over time
For most types of monitoring, you

ners can examine their monitoring results to

want to be able to describe how the situation

evaluate how well the work went, and then

has changed over time. Using tree density as

use that information to plan improve or mod-

an example again, you'll want to find out the

ify future projects. It is best to reconvene

difference between the baseline and post-

your multiparty monitoring team, including

treatment averages. For example, if the forest

representatives of the land management en-

had an average of 212 trees per acre before

tity, to jointly discuss and interpret your

treatment, and an average of 68 trees per acre

monitoring results.

after treatment, the stand density decreased

As a multiparty team, the following ques-

by an average of 144 trees per acre, or 68%

tions might be applicable:

(144/212). The stand density is now 32%

•

(68/212) of what it was before treatment.

the community?
•

Were there economic or social benefits to

How did the forest change as a result of

Step 5: Interpreting and report‐

your work?

ing results

•

What skills did project team members

acquire, and how could these be applied to

Once you have analyzed your moni-

future work?

toring data, you will want to interpret what

•

the results mean for your project, your com-

Which project goals were you able to ac-

complish?

munity, and future projects. A collaborative
place-based forest approach is still a rela-

•

tively new practice and we need to learn how

or presented difficulties?

to conduct forest treatments, as well as how

•

Were there surprises?

to create successful forest-based businesses

•

How did your expectations change over

that benefit communities and our landscapes.

the years of the project?

Monitoring results capture that experience.

•

Which things did not work in the project,

If you were to do the project again,

would you do some things differently?
17

•

project. Of course, positive impacts are wel-

How might the benefits of the project be

come and satisfying. But community based

maintained and sustained into the future?

forestry is a relatively new practice, and we

For example, suppose you burned piles of
slash after thinning small trees in part of the

will learn from mistakes and obstacles that

project, and chipped and hauled off slash in

are reported as well as successes.
Preferably your monitoring report

other parts of the project. Your monitoring
may have shown that the sites of these

includes not just your monitoring results, but

burned piles had twice as many exotic plants

also background information on your project,

as other places, but the chipping and hauling

what you monitored, and how you arrived at

was expensive. In this case, you could de-

your results. You should also include your

scribe the tradeoffs in cost, effort and impact

interpretation of your results - the lessons

of these different treatment options and rec-

you learned that could inform other restora-

ommend what might be done with slash in

tion projects. Here follows a suggested re-

another project. The multiparty team may

port format:

want to discuss other lessons learned as well.

1. Background information
Briefly describe your project - what did

In addition to using a multiparty
process to interpret monitoring results, you

you set out to accomplish? Who are your

will want to share what you have learned

partners? Where is the project located, and

with others. Capture these findings in writing

what kind of forest is being treated? De-

so that you and others can review and refer to

scribe what kind of multiparty process you

them in the future. By sharing the results of

used, and why you chose your monitoring

your monitoring with others, you assist the

indicators.
2. Monitoring methods

entire restoration community. You may consider writing up a report on the collaborative

Describe how you collected monitoring

monitoring project.

data. What kinds of data were collected?
How often did you collect data? Who did
the monitoring? Be specific - if you used

The monitoring report

transects and plots, describe how many

CFRI highly recommends that a multiparty monitoring effort compile a project

transects you used, how long they were,

assessment that reports on the positive or

how many plots were sampled and how

negative impacts and effectiveness of the

large the plots were. If you measured tree
18

height, diameter, and canopy cover, what

lessons will help you, and other people as

tools did you use? This section can be

well, to do more effective restoration work

brief, but it should give the reader a clear

in the future. Remember, you should not

idea of how data were collected. Next,

base your interpretation or on simply your

describe how you analyzed your data. For

own perceptions of the project, or that of

example, did you calculate percent change

your project partners. As a rule of thumb,

over time in canopy cover or in tree den-

any finding that goes in your monitoring

sity?

report - whether numbers or descriptions -

3. Results

must be based on real data, not on casual

This is where you present a summary of

observation or speculation.

your data analysis results. For example, if

5. Optional appendices and additional infor-

you measured tree size and canopy cover,

mation

this is where you would give results such

If there is important information which is

as changes in the average tree size and

too bulky or detailed to fit in the main

average canopy cover. Report both pre-

body of the monitoring report, you can

treatment and post-treatment results, and

include it in an appendix, which comes at

changes between pre-treatment and post-

the end of the report. For example, if you

treatment measurements. You may want

created a community survey, you might

to use tables, charts, diagrams, or descrip-

want to include a copy of the survey in an

tive text to present results. It is important

appendix. Or, if you have several pages of

to communicate your findings in summary

summary data which didn't fit in the re-

form. Give enough information to paint a

sults section, these can go in an appendix

complete picture of your project, but do

as well.

not include all the data. For example, report a single value for average tree size,

Sharing your results with others

not the diameter of every tree measured.

In addition to writing a final monitor-

4. Interpretation and conclusion

ing report, you may want to share what you

This is where you share the results of your

have learned with others in your community

multiparty assessment. What are the les-

or elsewhere. There are a number of ways to

sons you learned from this project? What

do this, such as presentations at community

would you do differently next time? These

or regional meetings and newspaper articles
19

or editorials. Posters or short leaflets with
charts and pictures can give a colorful, easyto-understand overview of what you did and
what you learned. More detailed technical
reports can be posted on the Internet. Sharing
your information is a great way to celebrate
and advertise your project as well as inform
future projects.
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forest dynamics. Thanks to other technolo-

Chapter 3. Getting to
know your forest

gies used in, for example, dendrochronology
(the study of tree rings to understand climate
change and past events) we are now also gain-

Some Concepts: Forest Health,
Historic Range of Variability, and
Forest Disturbances

ing a better understanding of forest disturbance and development dynamics over time.
With this relatively new evidence it has be-

Americans care about their forests,

come clear that most forests have evolved

private and public, and are interested in for-

with disturbances such as fire, wind, insects,

ests being healthy. However, determining

disease and floods and that these distur-

what a “healthy” forest looks like is not as

bances occur more often and sometimes

simple as it sounds. Increasingly we are

over larger landscapes than previously

coming to understand that there is no one-

thought.

size-fits-all-definition of forest health that we

When looking at forests over large

can apply to all forest types, nor is it a static

periods of time and space, scientists are dis-

condition that we should aim for in our man-

covering that different forest types have dif-

agement objectives. In the past, forest scien-

ferent relationships with these types of dis-

tists and managers believed that if left undis-

turbance. Scientists have provided us with

turbed, forests evolved through several

evidence based descriptions of forest dynam-

stages of development into a final, steady

ics which include the average frequency of

“climax” condition, where a forest could re-

different kinds of disturbance over time, the

main indefinitely. Over the last thirty years

developmental phases of forests and how for-

or so forest scientific evidence from all over

ests respond to disturbance. We call these

the country and even the world is showing

descriptions Historical Range of Variability,

that forests normally experience far more

or HRV. The historical reference conditions

change and flux than previously thought

in HRV provide a description of what a for-

(Thompson, Duncan and Johnson, 2009). In

est type has evolved with, and the adaptive

recent decades scientists have employed

mechanisms it has developed, and provides a

newer satellite-based tools including GIS and

starting point in our forest assessments. This

remote sensing technology. This allows us

provides us with a more concrete way of ex-

to gain a far larger spatial understanding of

ploring whether our forest landscapes require
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restoration, or conservation. They can also

this chapter we will discuss the primary for-

tell us to what extent and how fuel reductions

est types in Colorado: pinion-juniper, pon-

will be helpful in altering dangerous fire be-

derosa pine, lodgepole pine, spruce-fir, aspen

havior or how we can use timber harvests to

and riparian. As communities take an active

mimic natural disturbances.

role in restoring or conserving forest health
and/or fire mitigation it is important that to

However, here too, one HRV description may not always apply to all varieties of a

understand how these communities differ,

particular forest type. Additionally, although

the historic role of fire, and other forest dy-

science can help inform us to a great extent,

namics for each forest type.

there can be a certain amount of uncertainty

We have provided very general de-

that exists in any collaborative effort regard-

scriptions below but it should be noted that

ing some aspect(s) of a forest project. In or-

transition zones between forest types may

der to establish what conditions prevail on a

experience different responses to distur-

particular landscape, and therefore be able to

bance. For example, in higher elevation pon-

assess the need for and type of treatments

derosa pine, mixed with other confers and

treatments with more certainty, ecological

aspen, fire behavior may be a mix of surface

monitoring is a helpful tool for exploring lo-

and crown fire. For more complete informa-

cal conditions, enhancing collaborative learn-

tion on transition zones between forest types

ing, decreasing uncertainty and meeting

and various mixed conifer forest types in

management objectives

Colorado, we refer you to the CFRI or Colorado State Forest Service websites. See the

Forest Vegetation Types in
Colorado

back of this document for other resources.
Many communities are concerned

Colorado is known for its forests.

about changes that they see in their forests.

With over 22 million acres ranging from low

Residents who have lived in the same area

-elevation pinon-juniper to the high elevation

their whole lives are concerned as they watch

spruce-fir, forests make up about a third of

green hillsides turn red and large patches of

the state. Colorado benefits from the natural

aspen groves die. Based on our human time-

resources, habitat and watershed protection

frame, these changes seem sudden, catastro-

offered by our forests, but also faces increas-

phic and irregular. Because these changes

ing challenges related to insect outbreaks,

have real social and economic effects for

climate change, and exurban development. In
22

communities and individuals, it is helpful to

cally subtle, often taking decades before we

understand change in the context of historical

notice how much bigger the trees have

natural processes for a given vegetation com-

grown, or how many small trees died as

munity.

neighboring trees grew larger. Some years

Change is fundamental to healthy for-

see very rapid changes, when huge numbers

ests. The seasonal cycle of tree growth be-

of trees die as a result of windstorms, insect

gins before snows have melted from moun-

or disease outbreaks, and fire. These slow

tain landscapes, with roots growing to obtain

and rapid changes are part of the develop-

water and nutrients to support the flush of

ment of all forests.

springtime leaves that will provide the sugar

At a broad scale, some forest change

to fuel the growth of summertime wood.

is very predictable, while other changes are

Changes from one year to the next are typi-

less so.. We know that young forests can

Figure 3. Forest Types of Colorado
Courtesy of the Colorado State Forest Service
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support thousands of trees per acre, but that

the smaller trees, driving gradual thinning of

Why is it important to understand
different vegetation types in Colorado? :
Colorado has a diverse range of for-

the forest. A group of one thousand young

ests, each with their own natural variation,

Engelmann spruce trees may have only ten

historic fire patterns and unique history of

surviving trees after 300 years have gone by.

human use (see Table 1). Defining how for-

Other forest change is completely unpredict-

ests looked in the past provides a starting

able, such as the rare blow down across thou-

point for designing forest management and

sands of acres in the Routt National Forest in

restoration treatments of the future. If we

1997.

know what is natural for a given region, we

growth of the dominant trees will suppress

Many other types of change in forests

can use that information, and current human

fall between extremes of largely predictable

needs and values, to decide how to restore

and completely unpredictable. We can’t pre-

and manage forests in the future. One of the

dict exactly when and where a wildfire will

largest lessons from looking historical forest

occur, but we do know how the fuel structure

structures is to understand that no single

of a forest will influence fires under various

story fits all conditions. Local variations in

weather conditions. We know that the risk of

ecological factors (including disturbances

a major outbreak of spruce bark beetles un-

such as fire) lead to differences in forest

der warm climate conditions increases as

composition and structure at scales from lo-

spruce/fir forests iage, even though not all

cal hillsides to regions. Restoration and

old-growth spruce/fir forests will experience

management-based treatments are more

major beetle outbreaks. Forest management

likely to be effective if designed with an un-

and stewardship apply our understanding of

derstanding of the historical ecological dy-

these types of ecological changes to develop

namics of the system being manipulated

healthy forested landscapes that are resilient

(Swetnam et al. 1999).

to change while contributing to the human
What this chapter will cover for each
forest type.
For each forest type, we will provide

communities that benefit from the forests’
production of water, wood, forage, wildlife,
recreation, and beauty. (“Historical Stand

a general description, an overview typical

Structure on the Uncompahgre Plateau”)

disturbances that can occur in these forests,
and discuss what we know about how this
24

type has changed over time. These descrip-

management interventions. There are three

tions are meant to provide an overview to

primary categories of PJ woodland: persis-

Colorado’s forest types and not a synthesis of

tent PJ woodlands, PJ savannas, and wooded

all existing knowledge. References are listed

shrublands, which demonstrate different fea-

in the appendix for additional information on

tures, preferred locations and disturbance

each forest type.

regimes (Table 2). It is important to understand which type of PJ woodland you are

Pinon‐Juniper Woodlands

managing so that you can make realistic

(PJ Woodlands)

goals about what is possible and natural for
the area under consideration. For instance,

General Description

forcing a persistent PJ woodland into a PJ

Pinion pine and juniper are hardy

savanna may work temporarily, but local

species that thrive in areas that are dry and

conditions will mean that the PJ will eventu-

cold, allowing them to be one of the most

ally reestablish itself in the area. Surprisingly

extensive and diverse vegetation types in

few research studies have looked at historical

western North America. In Colorado, there

conditions and ecological processes in PJ

are over 5 million acres of land dominated by

vegetation, and the research that does exist

PJ woodlands. PJ woodlands generally are

demonstrates that PJ structure, composition,

primarily located in the lower (5,000-9,000

and disturbance regimes were very diverse

ft) elevations of Colorado’s western slope

historically as well as today.

with low precipitation (10-15 inches). PJ
woodlands are usually a mix of both pinion

Disturbance Regimes in PJ Woodlands

and juniper, although either may be more

∙

common.

Fire. The historic role of fire in PJ woodlands is not well understood. In persis-

Pinon-juniper (PJ) woodlands are a

tent PJ woodlands it is thought to be an

diverse vegetation type with a wide variation

infrequent disturbance, whereas low in-

in forest structure, historical fire regimes and

tensity fires may have played a role in PJ

ecological conditions (climate, soils, eleva-

savannas and shrublands.

tion). There isn’t a single model of what PJ

•

woodlands should look like, especially con-

Bark beetles. Bark beetles only attack
pinon pine and can kill trees in the same

sidering the magnitude of past and current

season they are attacked if present in
25

large enough numbers. Adults lay eggs in

currently are.

tunnels within the bark and larvae hatch

•

•

and eat the inner bark before emerging as

Recent Changes in PJ Woodlands

adults. Several generations of beetles are

•

Increase in frequency and size of severe

possible in a single season, depending on

fires. Cheatgrass invasion (Whisenant

food supply and temperatures. Bark bee-

1990), warmer temperatures, longer fire

tles usually become epidemic when there

seasons, and higher variation in precipita-

is a drought or large numbers of dead and

tion during recent decades (Westerling et

downed trees.

al. 2006) have been offered as potential

Other disturbances. A fungal black stain

factors in the increase in fire severity, but

root disease can produce high numbers of

the exact causes are uncertain. It is un-

pinion deaths following years of well-

clear whether the very large sizes of

distributed, heavy rain. It spreads though

some recent fires are exceptional or rep-

root-to-root contact and effects adjacent

resent infrequent but nevertheless natural

trees to create patches of dead trees.

events.
•

Human disturbances. PJ woodlands are

Increase in tree density and canopy

usually accessible and have been im-

cover in some PJ woodlands, but not in

pacted by humans through grazing, me-

all. The pattern of increasing tree density

chanical tree removal and wood-cutting.

is well documented in many areas, while

Heavy and continuous grazing in many

the mechanisms driving the changes are

parts of Colorado has resulted in substan-

unclear.

tial changes in the understory of many PJ

•

woodlands (Fleishner 1994). In many PJ

The observed increase in tree density
and canopy cover during the twentieth

woodlands, palatable species have been

century in persistent PJ woodlands is

extirpated. The effects of mechanical tree

likely not due to fire exclusion, but the

removal in PJ woodlands are relatively

reasons driving tree infill and expansion

transient, as the canopy re-estabilishes

are not well understood. Potential rea-

within several decades. However, past

sons include climate, livestock grazing

mechanical treatments may provide a

and fire suppression, however new re-

false expectation that woodlands should

search should be conducted to disentan-

be less densely spaced than they
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gle the relative effects of the various fac-

plex mix of forests (Table 3). The dense pon-

tors underlying piñon and juniper infill

derosa pine forests seen in some parts of

and expansion in different eco-regions

Colorado’s northern Front Range have al-

within the western U.S.

ways been a component of the landscape,
and are only partly due to 20th century fire
suppression and low rates of timber harvest

Ponderosa Pine Forests

in recent decades.

General Description
In Colorado, there are over 2.7 mil-

Primary Disturbance Regimes in
Ponderosa Pine Forests
• Fire. The most important historical natu-

lion acres of land dominated by ponderosa
pine (Benson 1987). Ponderosa Pine forests
are generally are located in the lower mon-

ral disturbance process in ponderosa pine

tane zone (5800-9800 ft) and are well

forests is fire. While southwestern pon-

adapted to high temperatures and low pre-

derosa pine forests were adapted to fre-

cipitation.

quent surface fires that thinned small, fire
-intolerant individuals, higher elevation

Ponderosa pine forests were historically more open in structure and had a more

and northern forests tended to have more

diverse age class than modern ponderosa

high-severity fires. In the Colorado Front

pine forests. This pattern varies however

Range, tree-ring and other evidence dem-

based on location, climate and fire history.

onstrates that the historical fire regime

There are two primary types of ponderosa

included both low-severity and high-

pine forest in Colorado: the drier southwest-

severity fires (Mast et al. 1998, Brown et

ern ponderosa pine forest that is usually

al. 1999, Kaufmann et al. 2000, Veblen et

found at lower elevations and the moister

al. 2000, Huckaby et al. 2001, Ehle and

cooler forests in northern Colorado and at

Baker 2003, Sherriff 2004, Kaufmann et

higher elevations (Kaufmann et al. 2006,

al. 2006). Fire suppression has been a

Baker et al. 2006). The southwestern ponder-

major factor in contributing to unnatu-

osa pine forest was historically a region of

rally dense ponderosa pine stands

low-severity fires and fairly open stands,

(Covington and Moore 1994, Mast et al.

while the moister forests in northern Colo-

1999, Moore et al. 1999, Allen et al.

rado and at higher elevations include a com-

2002).
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•

Insects. More than 200 insects affect

Recent Changes in Ponderosa Pine Forests

ponderosa pine at some point during their

•

life cycle. The most important insect is

early 1900s, many small ponderosa pine

the native mountain pine beetle. This

trees germinated and survived, partly be-

endemic beetle has an outbreak interval

cause of the lack of surface fires to thin

of 50-100 years (Schmid & Amman

excess seedlings and partly because of

1992) and each outbreak usually lasts

the removal of competition from grass

from 2-14 years (Schmid & Mata 1996).

due to overgrazing, logging and climate

The current increase in pine beetle activ-

(Allen et al. 2002).
•

ity may be due to fire suppression and

Change in Fire Intensity. In the south-

high tree densities, but there is reason to

west ponderosa pine type, fire intensity

believe that current outbreaks are not out-

has changed from surface to crown fires

side the range of variability (Baker & Ve-

due to fire suppression and climate

blen 1990). The impact of insect damage

change which can kill many trees over

on fire may change over time: it increases

thousands of acres.
•

while dead trees retain their needles

Ponderosa pine forests have become

(Schmid & Amman 1992, Bentz et al

less diverse both in species and age

2009), decreases while defoliated, and

structure. The primary change has been

then increase risk again when trees fall

increased the number of small trees,

(Brown 1975).
•

Increased Tree Density. Starting in the

which leads to the death of older trees.

Human Induced Disturbance. Human

Increased density also shades the under-

disturbances include livestock grazing,

story, leading to a decrease in understory

logging and fire suppression. Logging in

vegetation including grasses and wild-

the ponderosa pine forest was intensive,

flowers. This structural change has also

resulting in removal of large old trees and

led to changes in wildlife diversity and

snags. Livestock grazing impacted the

distribution and has increased the risk for

understory of ponderosa pine forests, re-

the spread of insect and disease in the

moving much of the cover that once car-

forest.

ried low intensity fires through the forest.
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2006, Veblen and Donnegan 2006). Post-

Lodgepole Pine Forests

fire regeneration of lodgepole pine often

General Description

results in a dense stand, especially where

Lodgepole pine forests are found in

a large proportion of the trees have serot-

the central to northern mountains of Colo-

inous cones, which are cones that open

rado in the montane to subalpine elevations

with the heat of intense fires or sunlight.

(6,000-11,000 ft). In Colorado, there are over

Fire suppression has not significantly al-

2 million acres of land dominated by lodge-

tered the natural frequency or ecological

pole pine (Benson 1987). Lodgepole pine

effects of fire in most lodgepole pine for-

forests can be found in pure stands, or mixed

ests.

with subalpine species including spruce, fir

•

and aspen at higher elevations and ponderosa

Insects. The most important insect is the
native mountain pine beetle. This en-

pine and aspen at lower elevations. A

demic beetle has an outbreak interval of

healthy lodgepole pine forest varies accord-

50-100 years (Schmid & Amman 1992)

ing to the type of forest it is (see Table 4). In

and each outbreak usually lasts from 2-14

pure stands in Colorado, high density was

years (Schmid & Mata 1996). These out-

historically and is currently common

breaks are strongly related to warmer

throughout the Rocky Mountain region

temperatures and are stopped only by a

(Parker and Parker 1994, Kashian et al. 2005,

period of very cold temperatures. The

Schoennagel et al. 2004). Their dense struc-

current outbreak is larger than anything

ture leads to sparse understory growth and

within written records, however evidence

makes it difficult for saplings, which are

is lacking to say conclusively whether the

shade intolerant, to become established, lead-

current outbreak is within the natural

ing to a fairly even age structure.

range of variability for this forest type
(Kaufmann 2009).

Disturbance Regimes in Lodgepole Pine
Forests
∙ Fire. Fires occur infrequently in all types

•

Other Disturbances. Two other primary
disturbances in the lodgepole pine forest

of lodgepole forests, but when they do

are dwarf mistletoe and wind. Dwarf mis-

occur they tend to be high-intensity fires

tletoe is a native parasite that spreads in

that kill the majority of the trees

localized patches and may not kill in-

(Buechling and Baker 2004, Sibold et al.

fected trees for decades. Wind can also
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topple lodgepole pine, which often has

(Benson 1987).

shallow roots on rocky slopes. These two

As in lodgepole pine forests, dense

types of disturbance can create diversity

stands are also normal in spruce-fir forests

within lodgepole pine forests.

(Veblen and Donnegan 2006). High severity
fires were common but often localized and

Recent Changes in Lodgepole Pine Forests

created a patchwork of different age trees

•

across the subalpine landscape.

Lodgepole pine forests were always
dense and burned infrequently histori-

Disturbance Regimes in Spruce-Fir
Forests
• Fire. Historically, large, severe, and infre-

cally, as they do today.
•

Climate Change. Drought and warm winters have been implicated in the current

quent fires shaped these forests. Due to

severity of the mountain pine beetle out-

late-lying snow pack and summer rain

break.

storms, fires occurred only once per several hundred years when weather and fuel

Spruce‐Fir Forests

conditions were suitable (Kulakowski et
al. 2003, Buechling and Baker 2004, Si-

General Description

bold et al. 2006). In the San Juan Moun-

The spruce-fir forest is the most

tains, the time between fires for spruce-

prevalent forest type in the state, present in

fir forests has been estimated at 300 years

the montane to subalpine zones of the moun-

(Romme et al 2009). Natural patterns of

tains (6500-12000 ft). Due to the wide varia-

post-fire stand development resulted in

tion in underlying environmental context,

rapid colonization by aspen and, after

these forests vary widely in their composi-

several centuries high spruce-fir densi-

tion and structure (DeVelice et al 1986,

ties. Long fire-free periods were normal

Spencer & Romme 1996). In Colorado, there

in these forests prior to fire suppression

are over 6 million acres of land dominated by

efforts and the past several decades of

mixed conifer forests (Benson 1987). Most

fire suppression have not changed the

mixed conifer forest types occur at high ele-

natural fire regime or resulted in forests

vations where the weather is cooler and

that could be considered unnaturally

moister than other forest types. Over 90% of

dense. The dense spruce-fir forests today

this forest type is in public ownership
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•

are generally considered to be within the

Clear cutting in the past resulted in areas

historical range of variability.

where trees have not regenerated and

Insects. The primary insect predators in

now logging in this forest type focuses on

the spruce-fir forest are spruce beetle and

partial cutting. Partial cutting results in a

spruce bud worm. The larvae of the na-

gradual shift to smaller class trees and a

tive spruce beetle feeds on the phloem of

reduction in large snags and fallen logs.

large spruce trees. They are always present in low densities, but periodically in-

Recent Changes in Spruce-Fir Forests

crease killing many large diameter trees

•

Climate Change. Higher elevation

over large areas. Outbreaks may occur

spruce-fir forests may be especially sus-

when windthrow increases dead large

ceptible to climate change as the warm-

diameter spruce, which is an ideal breed-

ing trend may be associated with in-

ing site for spruce beetle. Once trees are

creased drought stress and increased fire

dead, existing understory trees will accel-

frequencies.

erate their growth to fill gaps. The return
intervals for insects are between decades

Aspen Forests

to centuries. The spruce bud worm feeds

Aspen is Colorado’s only widespread decidu-

on new foliage of firs and can kill or sup-

ous tree, growing throughout the western 2/3

press great numbers of trees over large

of the state. There are 3.5 million acres of

areas (Swetnam & Lynch 1994, Schmid

aspen forests in Colorado (Benson, 1987).

& Mata 1996). The average outbreak in-

Aspen thrive on deep well-drained sandy

terval is 20-33 years (Swetnam & Lynch

slopes with high nutrient availability at ele-

1994). Unlike the spruce beetle, the bud

vations of 6500-11,000. They prefer cool,

worm prefers smaller fir trees.
•

relatively dry summers and snowy winters

Other Disturbances. The spruce-fir for-

with an average precipitation of 40-100 cm

est is also impacted by snow avalanches,

(Mueggler 1976). These trees reproduce pri-

wind throw, and a variety of other tree-

marily through clones and often establish

killing insects and fungi.
•

pure stands.

Human Disturbances. Human disturbances in the spruce-fir forest include
clear-cut logging and road building.
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•

General Description
Healthy aspen stands may occur ei-

Human Disturbances. The most typical
human disturbances in aspen forests in-

ther in pure stands or in a mix with ponder-

clude roads, logging and grazing. Roads

osa pines at low elevations and lodgepole

have fragmented mature forests and the

pine or spruce-fir forests at upper elevations.

spread of non-native species. Logging

The understory of aspen forests is histori-

creates stands of a single age tree by pro-

cally a luxuriant and diverse mix of grass,

moting prolific sprouting from root stock

shrub and forb species (Reynolds 1969).

(Shepperd 1993), may increase non-

Pure stands are more common at lower ele-

native weeds (Paulson & Baker 2006)

vations and southern exposures while mixed

and may increase shrub production

stands are more common at higher elevations

(Bartos & Mueggler 1982). Grazing can

and northern exposures. This may partially

significantly change the structure of re-

be the result of higher fire frequency in lower

covering stands and alter the understory

and southern exposures than in higher eleva-

of mature stands (Fleishner 1994).

tion communities (Romme et al 2009).
Recent Changes in Aspen Forests
•

Disturbance Regimes in Aspen Forests
•

Fire. Aspen stands are vulnerable to low

death of aspen stands has been observed

intensity fire due to their thin bark

in many parts of Colorado since about

(Peterson & Peterson 1992), but reestab-

2000. Currently, the cause of these de-

lish quickly from their extensive root sys-

clines is unknown although severe and

tem. Understory grass and forb produc-

long-term drought may be an important

tion typically increases after fires, while

factor.
•

shrub production decreases (Bartos et al

•

Sudden Aspen Decline (SAD). Extensive

Lowered fire frequency. Aspen forests

1994), Fire turnover time in aspen com-

are less likely to burn now than they were

munities has been estimated at about 140

in the past (Perala 1974, Alexander 1982,

years (Romme et al 2009).

Jones & DeByle 1985b, Brown & Sim-

Other Disturbances. These include wind

merman 1986, Peterson & Peterson

throw, tent caterpillars and other insects,

1992) due to increased moisture content

fungal diseases, snow damage, hail, sun-

in the understory. It has been suggested

scald and lightening (Veblen 2000).

that livestock grazing reduced rank
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·

grasses in aspen stands that previously

what a riparian area would look like that

would have helped to carry surface

is within historical range of variability.

fires (Brown & Simmerman 1986).

Healthy riparian communities would be

Increased age of stands. Decrease in

diverse in species and age classes adapted

fire frequency has shifted aspen stands

to fluctuating water flow including sea‐

towards an older stand structure in

sonal variation and possibly flooding.

some areas of Colorado (Bartos et al
1991). Aging stands are more vulner‐

Disturbance Regimes in Riparian
Communities
· Flooding. Seasonal fluctuation and

able to disease and mortality, opening
the possibility for establishment of

flooding is a natural disturbance that

conifer trees in previous aspen stands.

helps to renew riparian areas. Flood‐
ing wipes out existing riparian vegeta‐

Riparian Zones

tion, deposits new sediment and seed

General Description

and initiates new successional proc‐
esses (Baker 1990, Baker & Walford

Riparian areas are defined as the

1995).

interface between river ecosystems and
·

the adjacent upland ecosystem, where the

Beaver. Beavers dam streams to cre‐

water table is usually at or near the land

ate ponds that provide habitat, and,

surface (Gregory et al 1991, Brinson et al

when they eventually wash away, pro‐

1981). Riparian areas occur in all the for‐

vide moist sediments for the establish‐

est types described in this handbook and

ment of willows and other water‐

at all elevations. At lower elevations, ri‐

loving species (Wohl 2001).
·

parian communities are often dominated

Human disturbances. Humans may

by tall willows, narrowleaf cottonwood

have altered riparian areas through

and blue spruce, while at higher elevations

urbanization, agriculture, logging,

short willows, subalpine fir and engel‐

grazing, mining, recreation, roads,

mann spruce are common.

dams, diversions and introduction of
non‐native species.

Most riparian communities in Colo‐
rado have been impacted by human devel‐
opment, so it is difficult to precisely define
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Recent Changes in Riparian Communi
ties
·

Decrease in Cottonwood and Willow
Communities. Regulation of water
flow through dams and diversions has
assisted in a decline in cottonwood and
willow communities in the West
(Brown et al 1977, Fenner et al 1985,
Rood and Heinze, Milne 1989, Rood &
Mahoney 1990, 1993).

·

Increase in invasive species. Exotic
species including Russian olive and
tamarisk have become established in
many riparian communities through‐
out the west. These species can limit
the re‐generational success of native
woody plants (Finch et al 1995) and
lower the diversity of riparian commu‐
nities (Dick and Peddie 1993).

·

Decrease in bank stability. Historic
overgrazing of riparian areas has dam‐
aged woody riparian species and low‐
ered bank stability (Glinski 1977, Ca‐
rothers 1977, Kauffman et al 1983).

·

Increased sedimentation. Soil distur‐
bances (grazing, logging, mining) and
road building have contributed to in‐
creased stream sediment in many ri‐
parian areas (Swank & Crossley 1988)
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Chapter 4: Ecological

Monitoring: Protocols to
measure indicators
With the help of an advisory com‐
mittee that included managers and scien‐
tists from the USDA Forest Service, Colo‐
rado State Forest Service, The Wilderness
Society, Colorado State University, US Geo‐
logical Survey and Colorado Department
of Labor, the subject of ecological monitor‐
ing was explored in the context of Colo‐
rado’s forest types specifically. This group
agreed that there were two classes of ob‐
jectives that would probably pertain to
most forest treatments in Colorado.
The first was to modify stand struc‐
ture (a stand is a vegetation type in a spe‐
cific area and similar enough in composi‐
tion, size, arrangement, structure and con‐
dition to be distinguished from neighbor‐
ing vegetation units) (Edmonds, Agee and
Gara, 2000). Whether a treatment was in‐
tended to restore a forest’s historic stand
condition such as ponderosa pine in the
Front Range or restore historical fire be‐
havior and improve wildlife habitat on the
Uncompahgre Mesa Plateau, these are all
variations on the final outcome of modify‐

The second class of objectives was
influencing fire behavior by decreasing
fuels. This type of objective is carried out
generally in Wildland/Urban Interface ar‐
eas. Irrespective of whether it is ecologi‐
cally compatible or not, the focus with this
objective is to decrease fire risk to infra‐
structure. Of course there are many areas
where the two objectives of forest restora‐
tion through stand structure alteration
and decreasing fuels can be met simulta‐
neously such as in the Uncompahgre Pla‐
teau’s mixed conifer forests.
These two classes of forest treat‐
ment objectives are conducted in almost
all of Colorado’s forest types in different
ways and to meet different goals. In an
aspen stand in southern Colorado the ob‐
jective of modifying stand structure may
be to restoration by invigorating new
growth. In a ponderosa pine stand on the
Front Range the objective of modifying
stand structure may be to create historical
forest conditions, but also to achieve the
second objective of reducing fire risk,
which in this case also helps to reestablish
historic fire patterns. But in most cases
the general objectives in Colorado will
conform to either, or both, of these two
main classes of objectives.

ing a forest’s stand structure.
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Sampling methods
We provide three ways to conduct ecologi‐
cal monitoring procedures, or sampling
methods:
1.

1/20th acre plot (Figure 4) which lends

3. Thirty Foot Transects (Figure 6) are in‐
cluded with an illustration and references.
This methodology has become the stan‐
dard method for the Colorado Forest Res‐
toration Program in projects in New Mex‐
ico and Arizona.

itself well when interested in stand‐level
vegetation response and fuel build‐up
measurements that provide information
about a particular stand, or a particular
type of stand. This is based on more tradi‐
tional ways of taking measurements and
blends well with USDA Forest Service
methods. When using this plot a minimum
of XX per acre is recommended.
2. Half acre plots (Figure 5) are an effective
way to investigate responses on a land‐
scape scale for example in relation to resto‐
ration projects. In order to gauge not just
the vegetation response at a stand level,
but also larger dynamics over time for ex‐
ample the effect of disturbances on stand
structure such as fire, insects or wind after
opening up a canopy. These half acre plot
takes more time to collect the large amount
of information that is collected but fewer of
them need to be conducted. CFRI has used
two of these plot per vegetation type on a
landscape with one half acre plot in an un‐
treated area of the same type as a control.
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Dotted internal circle: the 1/300th acre

Figure 4. The 1/20th acre Plot.

Seedling/Sapling plot. Indicators meas‐
1. The 1/20th Acre Plot

ured (Indicator # from Table 2): Species
Composition (2) and Size Class Distribu‐

Solid, external circle: the main 1/20th

tion (3) in relation to seedlings and sap‐

acre. Indicators measured (Indicator #

lings.

from Table 1): Tree Density (1), Species
Composition (2), Size Class Distribution
(3), Canopy Base Height (4), Canopy
Cover (10), Wildlife (12), Disease (6),
Insect (7); Site Tree Data (11). measured
per treatment area.

37

Figure 5. The Half Acre Plot

Dotted internal lines: the Seedling/

2. The Half Acre Plot

Sapling plot. Indicators measured
(Indicator # from Table 2): Species Com‐

Solid, external square: the main half

position (2) and Size Class Distribution (3)

acre acre. Indicators measured (Indicator

in relation to seedlings and saplings.

# from Table 1):
Tree Density (1), Species Composition

Red line: Surface Fuels (15), Litter and

(2), Size Class Distribution (3), Canopy

Duff (16)

Base Height (4), Disease (6), Insect (7);
Canopy Cover (10), Site Tree Data (11)
and Wildlife (12), .
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3. Ecological Restoration Institute Sam

Monitoring & Assessment of CFRP, Short

pling Method

Guide for Grant Recipients and Handbook

This is a 300 foot long transect with fuel

4 of the Multiparty Monitoring Handbook

transects, larger plots where tree sizes and

Series.

density are measured, and smaller plots to
capture information regarding understory

Indicators

cover. For more information we refer you

Table 1 provides a list of Indicators that

to the USDA Forest Service website on Col‐

are recommended both by SWERI and its

laborative Forest Restoration Program or

partners and our Colorado advisory com‐

the Ecological Restoration Institute at

mittee. They have been used in monitor‐

Northern Arizona University. The two

ing projects throughout Arizona, New

documents you will find on these websites

Mexico and Colorado, have been shown to

that are most helpful are the Multiparty
Figure 6. 30 feet Transect
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Table 1: Indicators and measurements for the two main forest treatment objectives in Colorado

Objective 1: Modifying Stand Structure
Indicator#

Indicator

Measurement

Measurement

1/20 acre plot

Half acre plot

1

Tree
Density*

Count and record live, dead and dying trees

2

Species
Composition

Record Species

Record species of each tree,
stump, and seedling/sapling

3

Size class
Distribution

Diameter at Breast Height
(DBH).

Diameter at Breast Height &
seedling/sapling count

4

Canopy Base
Height*

Estimated by determining CBH Class of each tree in plot.

5

Vigor

Crown Class and Site Tree Data

6

Diseases*

Note indications & Overstory Inventory

7

Insects*

Note indications & Overstory Inventory

8

Understory
Species
Composition
*

Daubenmire Plots (20cm x
50cm). 6‐per‐plot. (see
diagram for layout &
spacing)

Daubenmire Plots (20cm x
50cm) 16‐per‐plot. (See
diagram(s) for layout &
spacing)

9

Understory
Species
Abundance*

Daubenmire Plots. 6‐per‐
plot.

Daubenmire Plots 16‐per‐plot.

10

Canopy
Cover*

11

Site Quality

12

Wildlife

Spherical Densiometer, Daubenmire Plot Frame, Occular
Estimate
Site Tree(s)

Site Tree(s)

Note indications & Daubenmire Plots
Objecitve 2: Decreasing fuels

Indicator#

Indicator

1 through 7

Measurement

Measurement

1/20 acre plot

Half acre plot

* see Modifying Stand Structure above

13

Aspect

Record on Data Sheet Header

14

Slope

Clinometer or Compass

15

Surface Fuels

Fuels Planar Transects

16

Litter and
Duff Depth

Fuels Planar Transects

17

Visual
Change

Photos for comparison
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be most reliable, and the most time and

Where to measure: All measurements

cost effective. They have been listed ac‐

will take place within the plot boundaries

cording to the two most prevalent forest

of either the 1/20th acre plot or the 1/2

treatment objectives:

acre plot. A complete inventory of all trees

1. Modifying stand structure

over a pre‐determined diameter at breast

2. Decreasing Fuels.

height (DBH) will be inventoried. A stem

Using these two classes of treatment ob‐

map, location of the trees within the plot,

jectives as a starting point, we provide de‐

will be completed for the 1/2 acre plot.

scriptions below of monitoring protocols

How to measure indicators 1 through

for each variable (or indicator) below.

7:
1. All of the following measurements will

Indicators 1 through 7: Protocols for

be taken for each mature tree within

tracking tree characteristics

the sampling unit. Both live and dead

Why these indicators are important:

trees, as well as stumps on the pre‐

These measurements help to characterize

treatment data, should be included in

the forest type you are sampling and pro‐

the census. A mature tree is a tree

vide information on the fire risk and

that is greater than 4.5’ tall and has a

health of a given area. This indicator pro‐

defined minimum DBH. The minimum

vides information on canopy height, insect

DBH is generally 4.5” at DBH, however

and disease outbreaks, potential ladder

this can change for different forest spe‐

fuels and overall forest density. Tree

cies type and stand structure. For ex‐

characteristics should be monitored be‐

ample, CFRI used a minimum DBH of

fore and after a project is implemented,

4.5” in a mixed‐conifer forest and a

and every 3–5 years after the project is

minimum DBH of 2.5” in a ponderosa

finished.

pine forest. A smaller minimum DBH

Materials needed: 1 Materials needed:

was used in the ponderosa pine to cap‐

150’ field tape measure, tree identification

ture the difference between saplings

manual, diameter tape, clinometers, metal

and poles within the main plot. The

stakes to lay out field tape.

minimum DBH of 4.5” was used in the
mixed‐conifer forest due to the large
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number of stems within the main plot.

the plot by species.

For each mature tree within the sam‐

3. Measure the diameter breast height

pling unit:

(DBH) using a diameter tape that has a

2. Identify each tree and record the tree

diameter measure on one side of the

species by a 4‐letter code or a 2‐lette

tape. The measurement is taken at

code on the datasheet. For example a

breast height, or 4.5’ above the ground.

ponderosa pine, Pinus ponderosae,

The 4.5’ is measured on the uphill side

code is PIPO or PP. The codes used

of the tree. DBH is measured to the

should be clearly defined on the front

nearest 1/10th of an inch.

of the data sheet in the notes section

4. Estimate the crown base height (CBH)

by the data collector to minimize con‐

class: The CBH Class of each tree within

fusion later when entering data. It is

the plot will be estimated. There are 5

also important to count all the stumps

classes of CBH:

within the sampling area including

1: 0’ – 6’

their species (if able to identify) and a

2: 6’ – 10’

measure of the stump diameter. This

3: 10’ – 15’

will be conducted as part of the over‐

4: 15’ – 20’

story sampling on the pre‐treatment

5: > 20’
5. Record the tree status, or description

inventory only.
Once mature trees are accounted, we

of the condition of the tree. There are

will also count seedling & sapling trees

4 codes to record for tree status; L –

within the plot.

Live, D – Dead, and S – Stump. Record

a. Seedling trees are classified as any

the crown class, or description of the

tree less than 4.5’ in height. Tally

rank of the tree crown when compared

the number of seedling trees in the

to other competing trees within the

plot by species.

plot radius. There are 5 codes to re‐

b. Saplings are trees are taller than

cord crown class; OP – Open‐grown or

4.5’ in height, but have a DBH less

isolated, DO – Dominant, CO – Codomi‐

than the specified minimum DBH.

nant, IN – Intermediate, OT– Over‐

Tally the number of sapling trees in

topped.
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and every 3–5 years after the project is

6 and 7. Record signs or symptoms of in‐
sect(s) or disease(s). Identify any re‐

finished.

generation or sapling tree species that

Materials needed: Daubenmire frames,

are displaying signs or symptoms of

field tape measure. A Daubenmire frame

insect(s) or disease(s). There should

(see Fig. X) can be bought at e.g. a natural

be two regeneration or sapling trees

sciences supply shop or made with PVC

that are showing signs or symptoms.

pipe.

Indicators 8 and 9 Protocols for Under

Where to measure: This measurement

story Cover and Composition

will take place within a Daubenmire frame

Why these indicators are important:

(figure___) and along the Daubenmire Plot

This indicator helps to characterize the

Transect within each plot choice. They

understory plant composition of the for‐

will be placed at pre‐determined intervals

est. This provides information about for

along the transect. For example, they are

example the regeneration of herbaceous

placed at the origin point and every 10’

species after the canopy is opened up, or

thereafter until 150’ on t 1/2 acre plot

the presence of native and exotic species.

(figure____). This will allow for a system‐

These indicators also offer information in

atic approach that is easily repeatable in

relation to resulting fuels after a treat‐

the future.

ment. The indicator protocols described
here will provide the minimum amount of

How to measure:

information that should be collected. They

Aerial Cover: Aerial cover is the amount

can broadened to include the total and av‐

of ground that is covered by the plant can‐

erage height of forbs, grasses and shrubs,

opy. Aerial cover will be measured in

which provides very detailed information

small plots defined by Daubenmire frames.

for fuel loadings. Or they can be broad‐

For aerial cover, we are interested in

ened to record every species of grass, forb

broad categories of plant cover including

(e.g. flowers) and/or shrub. Understory

grasses, forbs and shrubs. Grasses have

cover & composition should be monitored

long narrow blades while forbs are non‐

before and after a project is implemented,

woody, broad‐leafed plants, such as indian
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Figure 7. The Daubenmire Frame

paintbrush or alfalfa. For this measure‐
ment, it is not necessary to track individ‐

It may be helpful to cut pieces of cardboard
intoand cover may overlap, the total % of
plant cover may be greater than 100%.

ual plant species. Plant cover only meas‐

different shapes that represent different per-

ures the amount of shade from rooted

centages to train your eye. For scattered

plants. Plants that are not rooted but in‐

plants, it may be helpful to imagine pushing

stead are lying on the ground unrooted,

all the plants together into a space (without

count as litter (and will be counted in the

crushing them) and estimating how much

ground cover measurement‐below).

cover these plants provide.

Aerial cover is estimated with
cover classes: 0–5%, 5–25%, 25–50%, 50–
75%, 75–95%, and 95–100%. For each
plant category (grasses, forbs, shrubs),
you should mark only one cover category.
Since these are estimated cover classes

To measure aerial cover:
1. Estimate the aerial cover of grasses,
forbs and shrubs.
2. Choose the cover class that best
represents the amount of cover of the
group of interest.
3. Record the cover class for each
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Ground Cover: Ground cover can be

cover including moss, lichen and wildlife

measured in the same way as aerial cover.

scat. For each type, mark whether it is

Bare mineral soil, rocky material, litter/

present in the Daubenmire plot.

duff, and live basal vegetation will all re‐
ceive a percent ground cover estimation.

Indicator 10: Protocols for Canopy

It may be helpful to measure ground cover

Cover

at the same time as aerial cover, because

Why this indicator is important: Over‐

estimating bare soil and rock may be help‐

head canopy cover is the amount of shade

ful for determining the cover provided by

that trees create on the ground. This indi‐

scattered plants. Litter is any organic mat‐

cator gives an estimation of the crown

ter on the surface of the soil (can be pine

cover of the forest and potential crown

needles, pine cones, or plants that are up‐

fire risk. Overhead canopy cover is the

rooted). Basal plant material is the cover

amount of shade that trees create on the

provided by the base of growing plants.

ground. This indicator gives an estimation

Unlike aerial cover, basal plant cover only

of the percent of canopy cover and poten‐

counts the place where plants are rooted

tial crown fire risk based on the extent of

in the soil and not the cover provided by

the canopy. (Side Note: Canopy Bulk Den‐

their leaves.

sity, measured via DBH & correlated
through Basal Area, is the best measure to

To measure ground cover: Ground

use for crown fire, i.e. torching (passive

cover is estimated with cover classes: 0–

crown fire) or active crown fire. % Can‐

5%, 5–25%, 25–50%, 50–75%, 75–95%,

opy Cover, i.e. sunlight Interception, has

and 95–100%.

more to do with understory viability than
with crown fire, but can be used to show

1. Estimate the cover of bare mineral
soil, rocky material, litter/duff, and

the continuity of the canopy pre‐ and post‐

live basal vegetation.

treatment.) The overhead canopy cover
should be monitored before and after a

2. Record the % for each group.

project is implemented, and every 3–5
We recommend that notes are taken to

years after the project is finished.

record the presence of other types of

Materials needed: Spherical densitometer or
Daubenmire Frame
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leaves or needles and areas of bright sky.

Where to measure:
1/20th acre plot: The measurement can

The densiometer provides a grid of

be taken, using a spherical densiometer,

squares, with each individual square di‐

(or simply densiometer) from plot center,

vided into four quarter sections. Each

with one reading in all four cardinal di-

quarter section will be one measurement

rection, i.e. North, East, South, and West.

of canopy opening. If there is a bit of sky

It can also be taken, using a Daubenmire

occupying a quarter section of a square

Frame, along the Daubenmire Plot Tran-

then mark a tally on your data sheet.

sect at each Daubenmire Plot location.

Each square of the mirror can have four

(Figure___)

tally marks for canopy openings. The total

Half acre plot: The measurement can be

count of canopy openings is totaled and

taken, along the 150 ’ East-West and

multiplied by 1.04 to obtain the percent of

North-South axes or along the 150 ’ cen-

overhead area not occupied by canopy.

tral transect, at the location of each

The difference between this value and 100

Daubenmire Plot, depending on the pre-

is an estimation of percent canopy cover.

ferred design.

(Robert E. Lemmon, FOREST DENSIOME‐

(Figure____).

TERS, description located on the instru‐
How to measure: Percent canopy cover is

ment)

measured visually using a densiometer or the

•

Daubenmire Frame (see Figure 7).
•

To take measurements with the
Daubenmire frame, The Daubenmire
Frame has marked delineations along

To take measurements with the

the frame that are associated with a

densiometer: The densiometer has a

certain percentage of area within the

round concave mirror which has a grid

frame. Hold the frame directly over‐

marked on it. The grid divides the mirror

head, horizontal to the ground. Use the

into small squares. Hold the mirror level

percent estimators on the frame to es‐

about 12–18 inches in front of you at el‐

timate the amount of canopy cover

bow height. If you look down at the round

overhead. One reading facing in a pre‐

mirror, you can see the reflection of the

determined direction can be taken, and

tree canopy and the openings in the can‐

systematically taken at each Dauben‐

opy overhead. You will see areas of dark
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and measure the amount of easily burn‐
mire plot, or four readings can taken in

able fuels within the forest (fire/fuels).

each cardinal direction and averaged
at each plot, as well. No matter what

Materials needed: Piece of cardboard

method is chosen, it should be carried

with a 0.25 inch slot, 1 inch slot, and a 3

out in the same manner for all Dauben‐

inch slot cut into it (see diagram); 150 foot

mire plots within the main plot and all

tape measure. Another useful tool is the

main plots throughout the study area.

size of a credit card, or grocery store dis‐
count card. These are very easy to ma‐

Both of these methods require one to two

nipulate and are durable in wet conditions

people—one to hold the mirror or frame

as well.

steady and call out the values, and another
to record the values. These methods are

When this measurement should be

more easily and quickly done than de‐

made: Debris should be monitored before

scribed. Every spherical densiometer in‐

and after a project is implemented, and

strument comes with clear directions as

every 3–5 years after the project is fin‐

well.

ished.

Indicator 15. Protocols for Surface

Where to measure: Fuel transect(s) will

Fuels

be placed within the plot size of choice.

Why this indicator is important: This

The number of planar transects, length

indicator provides information on the

and location of the planar transect will de‐

amount of surface fuel present on a given

pend on the plot chosen. The fuel’s planar

site by measuring downed woody debris.

transect will be anchored at the center

Downed woody debris (DWD) is defined

point, the origin point, or at identifiable

as woody material, such as stems,

and repeatable locations along the East‐

branches, or twigs that are dead, have no

West and North‐South axes of the plot

living foliage, and persist from year to

chosen. Regardless of plot choice, data on

year. It is important to understand surface

fine woody debris (FWD) and coarse

fuels as they provide information on or‐

woody debris (CWD) will be collected.

ganic matter in the system (forest health)
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Fuels Hour Class distances:
•

1/20TH acre plot: The fuels transect will

1‐ and 10‐hour Fuels: Since there are

be anchored at the center point of the

many of this size of fuels they are only

1/20th acre fixed radius plot. Any length of

counted for a small portion of the en‐

transect, can be used. It is recommended

tire transect. Begin counting fuels at

to use a shorter transect or two short tran‐

the anchor point or a point down the

sects so as to only count fuels that lie be‐

transect, to reduce trampling while

neath the overstory on which data is col‐

setting up the plot(s), and count fuel

lected. For example, on the 1/20th acre

intersections for 6‐feet.

plot diagram (Figure 4) there are two fuels

•

100‐hour fuels: Begin at the anchor

planar transects anchored at plot center

point, or a point down the transect,

and running in opposite directions and

and count intersections for 10 feet.

only running to the edge of the plot. The

1000‐hour fuels: Begin at the anchor

transects can be in line, as they are dis‐

point, or a point down the transect, and

played, perpendicular to one another, or

count intersections, and measure diame‐

only a single transect can be used.

ter, for the entire length of the transect.

Half acre plot: The fuels transect can be

How to measure: The fuels transect is

placed at many different anchor points

laid out using a field tape measure. The

within the main plot. In one example,

transect is a planar transect as it is a sam‐

(Figure 5), the fuel transects are 35 feet

pling plane that extends from the litter

long and are anchored at the 45‐feet mark

layer directly beneath the field tape to 6‐

on each of the North, East, South, and West

feet directly above the field tape. Only

axes and running perpendicular to the

dead woody materials that intersect the

axes. In the other example, (Figure____),

planar transect are considered for the

the fuels transect is anchored at the origin

three transect lengths. Classify all woody

point and is run the entire length of the

debris that intersect the planar transect

central axis.

and are dead (not attached to a living
tree), down (not rooted in the soil) and
wood (do not include needle/ leaf or her‐
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baceous litter). There are four size classes

counted. If the central axis of the

of DWD that will be counted as they inter‐

DWD is below the litter layer, then

sect the planar transect; 1‐hour, 10‐hour,

it will not count.

100‐hour, and 1000‐hour fuels. Fine

1‐hour fuels: FWD that is less than

woody debris (FWD), 1‐hour, 10‐hour, and

0.25” in diameter at the intersec‐

100‐hour, are classified as DWD that is

tion point. All intersecting fuels

less than 3.0 inches in diameter where it

will be counted along the first 6

intersects the planar transect. Coarse

feet of the transect.

woody debris (CWD) is classified as all

10‐hour fuels: FWD that is at least

DWD 3.0 inches and greater in diameter as

0.25” and less than 1.0” in diameter

the fuel intersects the transect. The hour

at the intersection point. All inter‐

classes of DWD will be counted at different

secting fuels will be counted along

intervals along the transect, with the FWD

the first 6 feet of the transect.

being sampled on shorter distances, while

100‐hour fuels: FWD that is at least

the CWD is sampled along the entire tran‐

1.0” and less than 3.0” in diameter

sect. Rules and definitions of each hour

at the intersection point. All inter‐

size class are below.

secting fuels will be counted along
the first 10 feet of the transect.

To classify woody debris, use the following

1000‐hour fuels: CWD that is at least

method for each transect:

3.0” or greater in diameter at the

1. Make note of the dominant tree

intersection point. All intersecting

species in that part of the forest.

fuels will be counted along the en‐

This information will be needed

tire length of the transect, but not

when you calculate the total fuel

in trample areas. The diameter of

load.

the CWD, perpendicular to the

2. 1‐hour and 10‐hour fuels: These

trasect, will also be recorded, along

two fuels classes will be counted

with the soundness of the fuels. If

along the same length of transect.

the fuel is sound, intact, the fuels

Only fuels that lie completely in or

will be recorded as sound. If the

above the litter layer will be

fuel is rotten, at some stage of de‐
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composition, the fuel will be re‐

To measure litter and duff depth: The lit‐

corded as rotten. i.e. 4” rotten is

ter and duff layers should be measured

recorded as 4R and 6” sound is re‐

within 1 foot of the fuel transect. Meas‐

corded as 6S. The diameter needs

urements should be taken at two points

to be measured to the nearest ½

along the transect, and on both sides of the

inch with a ruler or diameter tape.

transect. The two measurements will be

If a piece of CWD runs exactly in

averaged. The two points should be

line with the transect then it will

within 15 feet of each end of the transect,

not be counted. But if the piece

to give a better profile of the depths across

runs almost in line, but not quite,

the transect.

then the midpoint diameter of the

1. Measure the depth of the litter layer

CWD will be recorded. These two

(surface litter to duff). Record this

scenarios rarely happen, but

measurement
2. Measure the depth of the duff layer
(duff to mineral soil). Record this

Indicator 18: Duff and Litter Measure

measurement on the datasheet.

ments
Litter is defined as the loose layer of twigs,
dead grasses, leaves, and needles that are
still identifiable and relatively unchanged
due to decomposition. Duff is defined as
the layer that lies beneath the litter layer
and above the mineral soil. Duff is made
up of litter material that has begun decom‐
position, is no longer identifiable as litter,
and has a darker and looks more aggre‐
gated than litter.
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Chapter 5: Recording, Organizing and

smears, streaks and lost data. The down‐

Analysis of Data

side to paper forms is that they will re‐
quire data entry at a later time, but this

Data Collection, Management & Analy

process is also a good time for data proof‐

sis

ing.

This chapter covers the nuts and bolts of

The first step in recording the data

collecting, managing and making sense of

is to fill out the introductory tracking in‐

data. Some of the steps may seem tedious,

formation including date of data collec‐

but attention to detail during data collec‐

tion, stand and plot number, slope and as‐

tion and storage can make later steps in‐

pect, elevation, GPS information and moni‐

cluding processing and analyzing the data

tor information. It may be possible to pre‐

smooth, orderly and efficient. By following

print some of this information before go‐

the guidelines in this chapter, you can save

ing to the field to minimize repetitive writ‐

yourself time in the end by minimizing

ing and cut down on mistakes. This infor‐

backtracking.

mation will make it easier to link data with
exact locations and track change over

1. Collecting Data

time. Participant information is important

Ecological monitoring data should

as it helps to connect data to data record‐

be recorded on a field datasheet provided

ers in case there are questions that arise

(An example is Appendix A). This pro‐

during data entry or analysis. In case pack‐

vides a consolidated and physical record

ets are separated, it is also critical that

of monitoring. Although data can also be

data collectors write the date, stand and

recorded on digital handheld devices or

plot number on each sheet in the monitor‐

audio recorders (see Elzinga et al. 2001),

ing packet. Monitoring teams should fill in

we recommend paper copies for ecological

these sections prior to collecting any

monitoring because they are simple and

monitoring data.

easy to use, provide a tangible record of

The plot note section is an area to

monitoring (in case computer files are cor‐

track additional information about the site

rupted) and are affordable. They can be

that is not covered in the other sections.

printed on waterproof paper to minimize

Often when you are in the field, you will
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notice something peculiar about the site

Photo points will be recorded with

that might influence the data collected.

a digital or film camera and documented

For instance, you may want to note that a

on a top section of the datasheet. Each

recent blow down or signs of wildlife.

photo should include whiteboard docu‐

These are the types of comments that you

mentation of location and transect and

may want to include in the plot note sec‐

should be clear enough to be recognized in

tion.

the photo. This documentation will allow
A section on the datasheet is in‐

for later analysis and compilation of photo

cluded for the information that is collected

trends over time. It is important that digi‐

in relation to each indicator (exceptions

tal photos are stored in more than a single

will be addressed below). The most impor‐

location, in case one set of records is de‐

tant considerations in recording data are

leted or corrupted.

to make sure data is legible, unambiguous
and recorded in the correct place. The

2. Entering & Documenting Data

person who enters the data into a spread‐

Data entry should occur as soon as

sheet is often not the same person who

possible after data collection so that there

collected the information, so it is critical

are two records of data, any recording is‐

that during data entry the documentation

sues can be resolved while data collectors

can accurately be recorded. Before re‐

still remember monitoring experiences,

cording data, double‐check that you are in

and analysis can begin. If it is impossible

the correct place on the datasheet. Minor

to enter data immediately, we recommend

errors can lead to later confusion about

making copies of data sheets so that they

what the data signifies. Always record in

can be stored in separate locations. Once

pencil so you can correct mistakes if nec‐

data is entered, data sheets should be kept

essary. Another important consideration is

in order to provide a physical backup to

to make sure that all the necessary data is

digital records.

recorded before moving on to the next

We recommend using spreadsheets

measurement. This will prevent having to

to enter data. Programs such as Xcel,

re‐measure data.

Quattro and Lotus 1‐2‐3 are easy to use,
manipulate and are capable of being im‐
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ported into a relational database or statis‐

cording data onto the datasheet and when

tical programs. Spreadsheets have a rec‐

entering them into the computer.

tangular matrix of columns and rows that

In the data collection section, we

can organize data and complete some in‐

noted that it was important to include cer‐

troductory analysis. They are a user‐

tain critical information on each data

friendly interface and include time saving

sheet. In the same way, it is critical that

keystrokes and easy steps for cutting and

each digital file includes certain reference

pasting data. It is possible to create header

information. When using a spreadsheet,

rows in order to add descriptive headings

this information can be included either in

to data in the columns below (species,

the header or footer of the spreadsheet.

cover, density, etc.). Spreadsheets can be

Reference information should include

used to both create a digital record of

how, when, where and by whom the data

monitoring data and to aid in data analy‐

was collected. It should also include defini‐

sis. It is important to think through how

tions of any codes that are used in the

data will be organized to assist with both

spreadsheet. For instance, if species codes

tasks.

are used, these should be spelled out in
While you are entering the data,

the header. It is also important to refer to

you may find errors or missing values. If a

the exact method that was used to collect

data point is clearly incorrect and you do

the data. Including this information in the

not know the correct value, you will need

datasheet helps to provide transparency

to throw that data point out. If this hap‐

to whomever is looking at the datasheet,

pens, you will need to remove that data

minimizes time spent flipping between

point from every data sheet, even if it has

paper records and digital files, and acts as

been accurately recorded in the past. This

a backup for paper data sheets.

is also true if you have a missing data
point on one of your datasheets but have

3. Naming & Storing Data

that point on all of the other datasheets.

At the beginning of a project, it may

Do not guess about data or make up num‐

seem simple to create logical names for

bers, it is better just to remove it from the

data sheets and store all data files in a sin‐

analysis. Always be careful when re‐

gle directory. As time goes on, you may
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find that it becomes increasingly difficult

check data files before completing data

to find the data sheet you are looking for.

entry. This is easiest if two people can

Confusion may lead to inaccurate analysis

work together to check the digital file.

or deletion of important files. At the be‐

One person can read off the data sheet,

ginning of the project, it is important to

while the other double checks the digital

think through a naming system that allows

file for errors. Another proofing method is

all files to be stored in a standard and logi‐

to have two people enter the same data

cal manner.

and then look at the two files for any dis‐

This can be done using a protocol

crepancies. Since digital data sheets will

that names files based on a series of attrib‐

often be directly used for analysis, it is

utes such as data collection method, spe‐

critical that data entry errors are caught

cies of interest, year of collection. For in‐

before analysis begins.

stance you may have overstory data (O)
related to Ponderosa Pine (PIPO) collected

5. Keeping Data Backups

in 2009. You could name this file OPI‐

Working from hard copy field data

PO09.xls. Another way to organize files is

forms means that there is always a physi‐

to create subdirectories for different sites

cal copy of data. However, since data en‐

or plots. This allows all the data from the

try is a time consuming process, it is criti‐

same area to be stored together and

cal that there is a way to backup digital

makes it easier to find all related files

copies of data. This can be done with a re‐

when you begin to work on data analysis.

mote hard drive, CD or DVDs or by saving

There are many possible methods for or‐

the data on multiple computers. During

ganizing and storing data, but it is impor‐

the data entry process, it is important that

tant that you chose one that makes sense

these backups occur on a daily basis. It is

and then be consistent when naming and

wise to keep one of the backups at an al‐

storing new files.

ternate location in case of a localized fire
or flood.

4. Proofing Data Files
Keystroke and typing mistakes are

6. Analyzing Data

common in data entry, so it is important to

Once data entry is complete, it is pos‐
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sible to begin to summarize and analyze

Where to get help

the data. The basic purpose of data analy‐

The data analysis techniques pre‐

sis is to identify patterns of change in your

sented in this handbook are fairly simple

indicator over time, and to evaluate these

and straightforward. Most of them can be

changes. Without doing some kind of

easily done using little more than a calcu‐

analysis, it will be difficult for you to know

lator and scratch paper. However, you

the effect your project is actually having.

may want may want additional assistance
verifying your data by statistical analyses.

When to Analyze your Data

Independent consultants, extension

It may seem that data analysis is one of the

agents, Colorado Forest Restoration Insti‐

last steps in the monitoring process, but

tute (CFRI) staff or university faculty and

we strongly suggest analyzing your data as

graduate students are potential resources

soon as possible after you have collected

for assisting with or checking data analy‐

it. This is desirable for a number of rea‐

sis. We have provided additional informa‐

sons. First of all, looking at your baseline

tion such as statistical analysis informa‐

data will help your group decide what

tion and reference materials in the appen‐

level of change would represent success

dix in case you would like to do this you or

and set appropriate target values for your

someone else in the group would like to do

indicators. Secondly, if you analyze your

this.

baseline data before you begin your pro‐
ject you may identify additional questions

Data Analysis Methods

that you want to monitor or even refine

Your data may consist of numbers,

your treatment methods to better meet

descriptions, or images. Numbers are

your goals. Later on, looking at changes in

quantitative data and are analyzed using

your indicators while the project is in pro‐

mathematics. Descriptions and images are

gress will help your group decide if

qualitative data and can be analyzed using

changes need to be made to the manage‐

tables, maps, or figures. For both qualita‐

ment prescriptions, or the management

tive and quantitative data there are four

process, to better meet the project goals.

basic steps to data analysis, but the meth‐
ods used at each step are different.
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crease in large diameter trees.
Tracking Progress Toward Objectives
Before your project begins, indicators

An example of a set of target values for

should be chosen to track your progress

ecological indicators is presented in Table

towards objectives. For instance, if your

__. These are examples only. Your target

objective is to lower fire risk, your indica‐

values may vary, depending on the goals of

tors may include presence of dead and

your project. Some version of this set of

downed wood and tree density. For each

values might be suitable in ponderosa pine

indicator that will be monitored, your mul‐

forest restoration projects in the South‐

tiparty monitoring team should come to

west. Note that Table __ shows sample tar‐

agreement on a target value or desired di‐

get values for ecological indicators one

rection and level of change for that indica‐

year after treatment. Target values for dif‐

tor. For example, you may have decided

ferent time periods, such as two or four

that you want to decrease fuel loading by

years after treatment, may be different.

20 percent or decrease density to 60 trees

For some qualitative indicators, your tar‐

per acre on your project site. These values

gets may simply indicate the desired di‐

can then be used as benchmarks to help

rection of change (e.g., “more communica‐

you decide whether or not you are achiev‐

tion between community members and

ing your goal. It is difficult to prescribe tar‐

agency staff ”).

get values for restoration project indica‐
tors in a general way. For one thing, all

Analyzing Quantitative Data

forest stands and all communities are dif‐

Seven of the protocols outlined in this

ferent, and one restoration prescription

manual collect quantitative data: surface

would not fit all sites. Every restoration

fuels, extent of canopy cover, density of

project team will define success in a differ‐

mature, dead and seedling trees, average

ent way, but many specific values for de‐

size of species, crown base height, and un‐

sired conditions will be similar to values in

derstory aerial and ground cover. Quanti‐

other projects. For example, many projects

tative data analysis includes four steps: 1)

will want a decrease in the number of ex‐

organizing the data, 2) analyzing the data,

otic plant species in the forest or an in‐
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3) interpreting the data and 4) validating

been proofed for accuracy.

the data.
The first two steps—organization and

Step 2: Analyzing your data

analysis—are important to accurately in‐

Analyzing your data involves using mathe‐

terpret your monitoring data. The third

matical calculations to summarize the data

step—interpretation—will tell you what

you have collected. In the following sec‐

changes have occurred with your indica‐

tion, we provide step‐by‐step instructions

tors. The fourth step—verification—will

for taking the data collected in spread‐

help you know whether your data are ac‐

sheets and consolidating it into average

curate enough to base management deci‐

values for each indicator.

sions on them. Data verification is also im‐
portant when there are different points of

Surface Fuels:

view about the best way to reach your

1. Calculate the amount of dead

goals or about the potential outcomes of

downed fuel in each size class us‐

your project. In the following sections we

ing the methods given in Appendix

will address each of the four main steps in

X.

data analysis and any specific steps that

2. Calculate the total amount of

need to be taken for each of the included

downed dead fuel in the sampled

methods.

area using the methods in Appen‐
dix X.

Step 1: Organizing your data

3. Calculate the percentage of wood

Organizing in one place all of the data your

fuel in each size class. To do this,

group has collected is the first step in the

you will take the amount of dead

analysis process. This step was covered in

downed fuel in each size class

the entering and documenting, naming

(step #1) and divide each class

and storing and proofing data sections

sum by the total amount of

above. Organizing means that all of the

downed dead fuel (step #2). You

data for each indicator from every data

will multiply the result by 100 to

sheet has been entered and stored in a sin‐

find the percentage of wood fuel in

gle table spreadsheet and that the data has

each size class.
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of tree of interest (a specific species, dead
Canopy Cover:

trees, mature trees or sapling trees). Den‐

1. On your data sheets, you have a

sity tells you how close together trees are

tally for “yes” and “no” observa‐

growing and is expressed as number of

tions of canopy cover. The first

individuals per area. In the following di‐

step is to count the total number of

rections we will use “species of mature

“yes” observations.

tree” in this example, however this could

2. To find the percent canopy cover

be done for individual species, dead trees,

for each transect, you will divide

saplings or snags. If you are calculating

the number of “yes” observations

density for more than one type of tree, you

with the total number of observa‐

just have to tally the total number of each

tions for that transect. Lastly, you

type separately.

will multiply this number by 100 to
give you the average percent can‐

1. Count the tally marks for each species

opy cover for this transect.

of mature tree in all transects sepa‐

3. You may be interested in what can‐

rately. For instance, if your area has

opy cover looks like over a larger

both Ponderosa Pine and Lodgepole

area. To do this, you can calculate

Pine count the tallies for each sepa‐

the average percent canopy cover

rately.

across all measured transects. To

2. Multiply the length by the width of

do this, you will add all the average

each transect to get area in square feet.

percent canopy cover results (from

Now multiply the area of one transect

#2) and divide them by the total

times the number of transects. This

number of transects. This will give

gives you the total sampled area.

you the average percent canopy

3. Divide the number of each species of

cover for all the measured tran‐

mature trees by the total transect area

sects.

to get the density for each species in
the sampled area.

Density of Trees:

4. If you want to know total tree density,

Tree density can be calculated for any type

count all mature tree species and re‐
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peat #3. This will give you total den‐

of the data from each data sheet that

sity for the sampled area.

relates to that indicator. As we noted

5. It is often easier to compare density by

earlier, it is likely your group will need

a standard measure, such as per acre

to make copies of the datasheets, so

rather than by square footage. Next

just be sure you have all of those cop‐

you will convert the density of mature

ies handy when you actually start

trees from square feet to acres. To do

counting how many individuals there

this, you will take the area found in

are within each species. Once you have

step #2 and divide the total area (in

made the frequency distribution, it is

square feet) by the number per acre.

very easy to turn this data into a bar

(The area of an acre is 43,560 square

chart.

feet.) For example if you had a total of

7. Calculate the percent of each species.

27,000 square feets sampled, then

To do this you will take the frequency

27,000/43,560 square feet per equal to

of each species (step #6) and divide it

0.62 acres sampled. Now, you will di‐

by the total number of species and

vide the number of trees sampled by

multiply by 100. Complete these steps

the number of acres sampled. This will

for each species and you will have the

give you the number of trees per acre:

percent of each species in the sampled

If there were 50 trees in the 30 plots,

area.

then there are 50 trees/0.62 acres =
80.6 trees per acre.
6. Use a frequency distribution to see the

Note on calculating the density of dead

abundance of tree species. To make a

snags

frequency distribution, count how

Snags are not likely to be identifiable by

many individuals trees there actually

species, so there will usually be only a sin‐

are of each species. This count of indi‐

gle density number for snags.

viduals of each type is a frequency dis‐
tribution. When you are making a fre‐

Average size of species:

quency distribution, it will be impor‐

Average size can provide information on

tant to make sure you are counting all

which species are the most dominant in a
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given forest.

Understory Aerial and Ground Cover:

1. On your data sheet, you have re‐
corded diameter measures for each

5. On your datasheet, you have tallied

tree within the sampled area.

aerial and ground cover in plots

2. To calculate average size of adult

using cover classes. To calculate

trees by species, add together all

cover, first find the midpoint of

the diameter measures for each

each cover class. For the set used

species.

above, the midpoints are 2.5%,

3. Divide the sum of each diameter by

15.0%, 37.5%, 62.5%, 85% and

the number of trees of that species.

97.5%.

This gives you average diameter of

6. Convert the cover value for each

that species of tree.

plot to the midpoint. For example, if
you were calculating grass cover

Crown Base Height (CBH):

and plot 1 had a class of 25‐50%, it

1. On your data sheet, you have re‐

is now assigned the midpoint value

corded CBH for each tree within the

of 37.5%. If plot 2 had 0‐5% cover,

sampled area.

it is now assigned a midpoint value

2. To calculate the average CBH by

of 2.5%. So you will have one mid‐

species in each plot, add together

point value for each of the plots

all the CBH measures for that spe‐

sampled.

cies.

7. Add midpoint values together for

3. Divide the sum of CBH measures by

all the plots.

the number of trees measured.

8. Divide by the number of plots. This

This gives you the average CBH for

is the average percentage cover for

each plot.

the site. Because it is a percent,

4. If you want to calculate the average

there is no need to convert it to

CBH across plots, add the average

coverage per acre.

CBH from each plot (from #3) and
then divide by the number of plots.

Photopoint Analysis: Simple visual com‐
parison of the photos before and after
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treatment is most useful. Detailed descrip‐

age values or percentages gone up or

tions of the conditions seen in the photo‐

down? Is this what you were expecting?

graphs should be made and stored in a

Compare your results to the target values

notebook along with each photo. Changes

you set at the start of your project.

observed from one date to another can in‐

Most target objectives state that a specific

clude tree density, new seedling establish‐

number or a range of specific numbers is

ment, understory plant recovery, and ex‐

acceptable. Look at the actual change you

otic plant invasion. In some cases, it is pos‐

measured and compare it to your target to

sible to obtain quantitative information

decide whether or not you are achieving

from repeat photography (see Elzinga and

your goal.

others 2001 for quantitative analysis
methods). There is more information on

For example, say your community wants

the chapter on analysis.

the forest canopy cover to be reduced by
at least 20 percent but no more than 40

Step 3: Interpreting your Data

percent. If, after restoration treatments, a

Most monitoring consists of comparing

canopy cover reduction of 50 percent is

two sets of data that were collected at dif‐

found, then the partners should revisit the

ferent points in time. This means that you

thinning prescription and revise it so that

measured the same indicators, using the

fewer trees are cut in the futures. Future

exact same methods, at two different times.

thinning is then more likely to succeed in

For instance, you probably collected base‐

reducing canopy cover to the desired level.

line data before the project began, and

If you only have pre‐treatment data, you

then repeated your measurements the

can still interpret your statistics and use

next year, or after your project was com‐

that information to adapt your manage‐

pleted. By doing the same calculations on

ment protocol in order to better meet your

your initial baseline data and on the data

project goals. Analysis of

you collected at a later time, you can iden‐

baseline data can be very helpful for

tify changes in your indicators over time.

adapting your management prescriptions

Look for patterns of change within your

and setting future monitoring goals. Look‐

data set for each indicator. Have the aver‐

ing at baseline data early in the project
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will help your group set appropriate target

64% ‐ 80% = ‐16% difference in

values for your indicators.

treatment
4. Divide the difference between

One simple way to understand trends in

treatments by the percent canopy

quantitative measures is to look at percent

cover before treatment to get the

change over time. This can be done for

percent change: Percent change = (‐

any of the indicators discussed in this sec‐

16/80) x 100% = ‐ 20%

tion.
Explanation: From these results we see
To Calculate Percent Change:

there was a 20% reduction in canopy

Monitoring frequently involves calculating

cover between the pre‐treatment and

change in a specific indicator between two

post‐treatment measurements.

time intervals such as before treatment
and after. Most often, this is expressed as

Step 4: Verifying your Data

percent change over time. For example,

In most case, you will have collected data

assume we measure canopy cover before

on a sample of your study area (for exam‐

treatment and we see we have 80 percent

ple, trees measured within sample plots),

cover of our plot. We measure it five years

not the whole population (for example, all

after the treatments and we see we have

the trees contained within a your treat‐

64 percent cover on our plot.

ment area). Data verification is a way to

To calculate the percent change between

determine if the

two time intervals, use the following steps:

change you observed in the sample is rep‐
resentative of change in the entire popula

1. Calculate the percent canopy cover

tion. Verifying your data will help you

before treatment, as instructed

know whether your data are accurate

above (let us assume it is 80%)

enough to base management decisions on

2. Calculate the percent canopy cover

them. Data verification is also important

after treatment (assume it is 64%)

when there are different points of view

3. Subtract the pre‐treatment percent

about the best way to reach your goals or

from the post‐treatment percent:

about the potential outcomes of your pro‐
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ject.
Analyzing qualitative data
Mathematical data verification only works

For the protocols covered in this hand‐

when samples are representative of the

book, there are two types of qualitative

population. Otherwise the data are said to

data you will have to analyze: photo points

be nonrepresentative and cannot be used

and landscape patch. Qualitative data

to draw conclusions about the population.

analysis includes the same four steps as

The best way to assure a representative

quantitative analysis, but with slightly dif‐

sample is to use a random sampling

ferent processes for each step.

method and to collect a large number of
samples (at least 30). Please see the refer‐

Step 1– Organize your data

ence section for resources if you would

If you have collected qualitative data as

like to read more about how to set up ran‐

part of your project, you probably have

dom sampling.

digital or bound notebooks full of photo‐
graphs and diagrams of landscape patch

Statistical methods to verify perceived

change over time. As discussed in the pro‐

changes in quantitative results are cov‐

tocols for both methods, it is important to

ered in Appendix X. Statistical methods

organize your qualitative data in a way

such as the sign test (Appendix X) can tell

that you can make easy comparisons from

you whether the changes you observed

year to year. This may involve organizing

are statistically significant. Methods such

photographs in digital files by location and

as constructing confidence intervals

year, or keeping landscape patch diagrams

(Appendix X) can give you a range of val‐

in binders grouped by location. You may

ues that is likely to contain the true mean

decide that not all of the data is critical for

of the population you are sampling from.

understanding change over time. The first

While the methods described in Appendix

thing you may want to do is reduce the

X can be completed using a calculator or

quantity of data you have collected to fo‐

computer spreadsheet program, many

cus just on the information that is

people will want to consult a statistician

useful to your monitoring project.

for help with data verification.
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Step 2 – Analyze your data

than a single person, answer these ques‐

Analysis of qualitative data includes orga‐

tions will help to remove personal bias

nizing the data in a way that helps you

from the interpretation of qualitative data.

make sense of it. For the two methods de‐
scribed in this handbook, this step may

When interpreting your data, be careful

involve grouping photo points to under‐

not to jump to conclusions about cause

stand areas of interest or mapping photo

and effect. An observed relationship be‐

points and landscape patch drawings to

tween an action and an outcome does not

understand spatial relationships between

necessarily mean that the action caused

the data. Since the photos and landscape

the observed outcome. Examine your data

patch diagrams are in a form that is easily

carefully, looking for different explana‐

interpreted, this step may be very simple

tions for apparent patterns. Discuss your

or you may be able to skip directly to in‐

interpretations among the entire multi‐

terpretation.

party monitoring team. Ask yourselves

Step 3 – Interpret your data

whether your interpretation is consistent

Once you have organized and described

with known research and past experience.

the data, you can move to the next step

Interpretations of qualitative data should

and begin to ask what is causing the ob‐

always take into account the possibility

served change. When interpreting moni‐

that there could be other explanations for

toring data, you will always be comparing

the observed results. The multiparty ap‐

one set of data with a previously gathered

proach is critical to the interpretation of

set of data and asking why there was or

qualitative

was not a change. This is the stage where

data. It provides one of the best ways to

your multiparty monitoring team will

improve the reliability of your results by

make comparisons and consider causes

having several different people independ‐

and relationships that could be responsi‐

ently interpret the data and then compare

ble for the observed data changes. Which

their conclusions. When interpreting data,

things appear to lead to other things?

your group should be asking yourselves

Which activities appear to lead to ob‐

the following questions:

served outcomes? Having a team, rather

How do I know what I know? How
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might my perceptions, experi‐

that your interpretations are validated by

ences, and background be affecting

multiple sources of information. Other

my analysis of the data?

methods of verifying qualitative data and

How do my sources (the people I

interpretation include examining alterna‐

interviewed, surveyed, or ob‐

tives, looking for negative cases, and

served) know what they know?

checking results with respondents. For

What shapes their views of this

your project you will likely have photos,

project? How do they perceive this

landscape patch data and quantitative

projectand this monitoring effort?

measures such as cover and density. To‐

How might these perspectives

gether, these sources will help to produce

have affected their responses?

a detailed portrait of your study area and

What outside factors might be af‐

how it is changing over time. By cross‐

fecting the outcomes?

checking these different types of data you
make sure not to base your decision on a

Step 4 – Verify your data and your in

single interpretation of qualitative data.

terpretation
Verification of qualitative data means
checking your data and your interpreta‐
tion for biases. Verifying your data will
help you know whether your data are ac‐
curate enough to base management deci‐
sions on them. Data verification is also im‐
portant when there are different points of
view about the best way to reach your
goals or about the potential outcomes of
your project. The most common means of
verifying qualitative data and analysis is
triangulation. This means comparing
qualitative data with other sources of data
(qualitative or quantitative) to make sure
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Chapter 6. Conclusion
and Last Thoughts
Insert UP example as a Colorado collabo‐
rative group that adapted their manage‐
ment based on monitoring results.
Notes on the concept of “uncertainty”.
Tony?
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Resources for Collaboration
The following groups have experience in collaborative monitoring or have published useful
documents regarding collaborative monitoring:
Collaborative Forest
Restoration Program
State and Private Forestry
USDA Forest Service
Southwest Region
333 Broadway SE
Albuquerque, NM 87102
Phone: 505.842.3292
URL: http://www.fs.fed.us/r3/
spf/cfrp/index.shtml

Ecological Restoration
Institute (ERI)
P.O. Box 15017
Flagstaff, AZ 86011-5017
Phone: 928.523.7182
Fax: 928.523.0296
116
Email: eri-info@for.nau.edu
URL: http://www.eri.nau.edu/
index.aspx

Forest Community Research
P.O. Box 11
4438 Main Street
Taylorsville, CA 95983
Phone: 530.284.1022
Email: webmaster@fcresearch.org
URL: http://
www.fcresearch.org/
index.html

Community-Based
Collaboratives Research
Consortium
c/o University of Virginia
164 Rugby Road
Charlottesville, VA 22903
Phone: 434.924.5041
Email: cbcrc@virginia.edu
URL: http://www.cbcrc.org
http://www.cbcrc.org/php-bin/
resources/resourceSearch.php
(bibliographic database)

Ecosystem Workforce
Program
Institute for a Sustainable
Environment
130 Hendricks Hall
5247 University of Oregon
Eugene, OR 97403-5247
Phone: 541.346.0676
Fax: 541.346.2040
URL: http://ewp.uoregon.edu/
guidebook/

Forest Guild
P. O. Box 519
Santa Fe, NM 87504
Phone: 505.983.8992
Fax: 505.986.0798
Email: info@forestguild.org
URL: www.forestguild.org

Cooperative State Research,
Education, and Extension
Service (CSREES)
Volunteer Water Quality
Monitoring National
Facilitation Project
U.S. Department of Agriculture
Program Leader’s Office
Mail Stop 2210
1400 Independence Avenue,
SW
Washington, D.C. 20250-2210
URL: http://
www.usawaterquality.org/
volunteer/

Environmental Protection
Agency Quality System
U.S. Environmental Protection
Agency (EPA)
Quality Staff (2811R)
1200 Pennsylvania Avenue,
NW
Washington, DC 20460
Phone: 202.564.6830
Fax: 202.565.2441
Email: quality@epa.gov
URL: http://www.epa.gov/
quality/index.html
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Forest Inventory and Analysis
U.S. Department of Agriculture, Forest Service
1400 Independence Ave., SW
Washington, D.C.
20250-0003
Phone: 703.605.4177
URL: http://fia.fs.fed.us/
Forest Stewardship Council
– (FSC-US)
1155 30th Street NW, Suite
300
Washington, DC 20007
Phone: 202.342.0413
Fax: 202.342.6589
Email: info@fscus.org
URL: http://www.fscus.org/

Four Corners Institute
1477 1/2 Canyon Road
Santa Fe, New Mexico
Phone: 505.983.8515
Email: forests@ucla.edu
URL: http://
www.fourcornersinstitute.org/
Free Management Library
Authenticity Consulting, LLC
4008 Lake Drive Avenue
North
Minneapolis, MN 55422-1508
Phone: 800.971.2250
Fax: 763.592.1661
Email:
carter@authenticityconsulting.
com
URL: http://
www.authenticityconsulting.co
m/
Institute for Culture and
Ecology (IFCAE)
P.O. Box 6688
Portland, OR 97228-6688
Phone: 503.331.6681
Email: ifcae@ifcae.org
URL: http://www.ifcae.org/
Institute for Environmental
Negotiation
164 Rugby Road
P.O. Box 400179
Charlottesville, VA 229044179
Phone: 434.924.1970
Fax: 434.924.0231
Email: envneg@virginia.edu
URL: http://www.virginia.edu/
ien/about.htm
Inventory and Monitoring
Institute (IMI)
U.S. Department of Agriculture, Forest Service
Natural Resources Research
Center
2150 Centre Ave. Building A
Fort Collins, CO 80526

URL: http://www.fs.fed.us/
institute/index.html
Local Unit Criteria and Indicators Development Project
URL: http://www.fs.fed.us/
institute/lucid/
c/o Patrice Janiga
USDA Forest Service
Inventory and Monitoring Institute
2150 Centre Ave.
Fort Collins, CO 80526-1891
Phone: 970.295.5712
Fax: 970.295.5885 FAX
Email: pjaniga@fs.fed.us
URL: http://www.fs.fed.us/
institute/
National Biological Information Infrastructure (NBII)
National Program Office
USGS Biological Informatics
Office
302 National Center
Reston, Virginia 20192
Phone: 703.648.6244
Fax: 703.648.4224
URL: http://www.nbii.gov/
index.html
http://www.nbii.gov/issues/
biodiversity/ (organizations
working on biodiversity)
http://www.nbii.gov/datainfo/
metadata/ (concise definition
of metadata)
National Commission on
Science for Sustainable
Forestry (NCSSF)
1707 H Street N.W., Suite 200
Washington, DC 20006-3918
Phone: 202.207.0006
Fax: 202.628.4311
URL: http://
www.ncseonline.org/NCSSF/
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National Council for Science
and the Environment
(NCSE)
1707 H Street N.W., Suite 200
Washington, DC 20006-3918
Phone: 202.530.5810
Fax: 202.628.4311
Email: info@NCSEonline.org
URL: http://NCSEonline.org/
National Forest Foundation
Building 27 Suite #3
Fort Missoula Road
Missoula, MT 59804
Phone: 406.542.2805
Fax: 406.542.2810
Email: info@natlforests.org
URL: http://
www.natlforests.org/
index.html
National Forest Health
Monitoring Program (FHM)
USDA Forest Service
1992 Folwell Avenue
St. Paul, MN 55108
Phone: (651) 649-5243
FAX: (651) 649-5238
URL: http://fhm.fs.fed.us/
National Network of Forest
Practitioners
305 Main Street
Providence, RI 02903
Phone: 401.273.6507
Fax: 401.273.6508
URL: http://www.nnfp.org/
index.html
National Partnership Office
Partnership Resource Center
U.S. Department of Agriculture, Forest Service
National Partnership Office
201 14th St. SW
PL&C - 5NW
120
Washington, DC 20024
Phone: 202.205.1072
URL: http://www.fs.fed.us/

Sustainable Agriculture and Rural Livelihoods
Programme
International Institute for Environment and Development
3 Endsleigh Street
London WC1H 0DD
United Kingdom
Phone: +44 (0) 20.7388.2117
Fax: +44 (0)20.7388.2826
Email: sustag@iied.org
URL: http://www.iied.org/sarl/pla_notes/
index.html

aboutus/partnership/index.shtml
URL: http://www.partnershipresourcecenter.org/
(online resources)
National Woodland Owners Association
(NWOA)
374 Maple Ave. E
Suite 310,
Vienna, VA 22180
Phone: 800.476.8733
Fax: 703.281.9200
Email: info@woodlandowners.org
URL: http://www.woodlandowners.org/

Pinchot Institute for
Conservation
1616 P Street
NW, Suite 100
Washington, DC 20036
Phone: 202.797.6580
Fax: 202.797.6583
URL: http://www.pinchot.org/

New Mexico Forest and
Watershed Restoration
Institute
New Mexico Highlands
University
Box 9000
Las Vegas, NM 87701
Phone: (505) 426-2080
URL: http://www.nmfwri.org/

Red Lodge Clearinghouse
Ross Johnson
Communications Coordinator
32 South Ewing #326
Helena, Montana 59601
Phone: 888.495.0757
Fax: 406.495.1074
Email: contactus@redlodgeclearinghouse.org
URL: http://www.redlodgeclearinghouse.org/

Northwest Connections
Community Based Conservation and Education
P.O. Box 1309
Swan Valley, MT 59826
Phone: 406.754.3185
FAX: 406.754.3185
Email: nwc@montana.com
URL: http://www.northwestconnections.org/
index.htm

Resolve, Inc.
1255 23rd Street, NW, Suite 275
Washington, DC 20037
Phone: 202.944.2300
Fax 202.338.1264
Email: info@resolv.org
URL: http://www.resolv.org/index.html

Pacific Northwest Research Station (PNW)
U.S. Department of Agriculture, Forest Service
333 SW First Avenue
Portland, OR 97204
Phone: 503.808.2592
URL: http://www.fs.fed.us/pnw/

Rocky Mountain Research Station (RMRS)
USDA Forest Service Natural Resources Research Center
2150 Centre Avenue, Building A
Fort Collins, CO 80526-8121
Phone: 970.295.5926
Fax: 970.295.5927
URL: http://www.fs.fed.us/rm/main/
headquarters.html

Pacific Southwest Research Station (PSW)
U.S. Department of Agriculture, Forest Service
800 Buchanan Street
West Annex Building
Albany, CA 94710-0011
Phone: 510.559.6300
URL: http://www.fs.fed.us/psw/
Participatory Learning and Action Notes
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World Wildlife Fund (WWF)
1250 24th Street, NW
Washington, DC 20037
Phone: 202.293.4800
URL: http://www.worldwildlife.org/

Roundtable on Sustainable Forests: Criteria
and Indicators
URL: http://www.sustainableforests.net/criteriaindicators.php
c/o Shawn Walker
Meridian Institute
1920 L Street, NW, Suite 500
Washington, DC 20036
Phone: 202.354.6450
Fax: 202.354.6441
Email: shawnwalker@merid.org
URL: http://www.merid.org/
Sustainable Northwest
620 SW Main, Suite 112
Portland, OR 97205-3037
Phone: 503-221 6911
Email: info@sustainablenorthwest.org
URL: www.sustainablenorthwest.org

Wallowa Resources
P.O. Box 274
200 W. North St.,
Enterprise, OR 97828
Phone: 541.426.8053
Fax: 541.426.9053
Email: info@wallowaresources.org
URL: http://www.wallowaresources.org/
index.html
The Watershed Research And Training Center
P.O. Box 356
Hayfork, CA 96041
Phone: 530.628.4206
Fax: 530.628.5100
Email: wrtc@hayfork.net
URL: http://www.thewatershedcenter.org/
World Resources Institute
10 G Street, NE (Suite 800)
Washington, DC 20002 USA
Phone: 202.729.7600
Fax: 202.729.7610
Email: swilson@wri.org
URL: http://www.wri.org/index.cfm
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2005). This article provides an overview of strategies
and tools that have been used in developing countries
that often have a longer history of collaborative management.

Adaptive Management:
Adaptive Management Handbook
http://www.doi.gov/initiatives/
AdaptiveManagement/documents.html
Link to the US Department of the Interior Adaptive Management handbook.

Collaboration (cont.):
Kusel, Jonathan; Williams, Lee; Keith, Diana [and
others]. 2000. A report on all-party monitoring and
lessons learned from the pilot projects. Technical Report 101-2000. Taylorsville, CA: Forest Community
Research. 27 p.
http://www.fcresearch.org/HTML/AboutUs/
Publications.html (01 June 2005). This report summarizes work and lessons learned by a large collaborative
partnership and includes both lessons learned and recommendations for future partnerships.

Collaborative Adaptive Management Network
http://www.adaptivemanagement.net/
Provides links to resources, slideshows and other
information on adaptive management

Collaboration:
Collaborative Stewardship Team. 2000. Collaborative stewardship within the Forest Service: findings
and recommendations from the National Collaborative
Stewardship team. Washington, DC: U.S. Department
of Agriculture, Forest Service, Partnership Resource
Center. 62 p. http://
www.partnershipresourcecenter.org/resources/pubs/
index.php (01 June 2005). This document is the result
of focus groups around the nation to help the Forest
Service design strategy around collaboration.

Moseley, Cassandra; Wilson, Lisa J. 2002. Multiparty monitoring for sustainable natural resource management. Hayfork, CA; Watershed Research and
Training Center and Eugene, OR: Ecosystem Workforce Program, University of Oregon. 13 p. http://
ewp.uoregon.edu/guidebook/ (01 June 2005).
This publication addresses how to monitor the impacts
of agency involvement in participatory natural resource management program. It is useful for understanding why and when agencies might want to participate in collaboration.

Daly, Carol. [N.d.]a. The collaboration handbook.
Red Lodge Clearinghouse. 40 p.
http://www.redlodgeclearinghouse.org/resources/
handbook.html (01 June 2005). This is a concise and
informative introduction to collaborative natural resource management.

Ottke, Christian; Kristensen, Peter; Maddox,
David [and others]. 2000. Monitoring for impact:
lessons on natural resources monitoring from 13
NGOs. Washington, DC: World Resources Institute.
90 p. http://biodiv.wri.org/pubs_description.cfm?
PubID=3003 (01 June 2005).
This publication (written for global NGO’s) elaborates
on more specific steps that
constitute an effective monitoring approach.

Daly, Carol. [N.d.]c. Frequently asked questions
about collaboration. Helena, MT: Red Lodge Clearinghouse. http://www.redlodgeclearinghouse.org/
resources/faq.html#a (01 June 2005).
This document provides a list of commonly asked
questions about collaborative natural resource management.

Yaffee, Steven L. 2002. Benefits of collaboration.
Ann Arbor, MI: Ecosystem Management Initiative,
School of Natural Resources and Environment, University of Michigan. 4 p. http://www.snre.umich.edu/
ecomgt/lessons/why.htm (01 June 2005). This is a list
highlighting the benefits of collaboration..

Dukes, E. Franklin; Firehock, Karen. 2001. Collaboration: a guide for environmental advocates. Charlottesville, VA: University of Virginia, The Wilderness Society, and National Audubon Society. 72 p.
http://www.virginia.edu/ien/publications.htm (01 June
2005).This is a useful resource for assessing the usefulness of using collaboration for natural
resource
challenges.

Yaffee, Steven L.; Wondolleck, Julia M. 2000.
Making collaboration work: lessons from a comprehensive assessment of over 200 wide-ranging cases of
collaboration in environmental management. Conservation Biology in Practice. 1(1): 17-25. http://
www.snre.umich.edu/ecomgt//pubs/articles.htm (01
June 2005). This short article presents lessons learned
about collaboration from a wide range of examples.

Krishnaswamy, Ajit. 2004. Participatory research:
strategies and tools. Practitioner: Newsletter of the
National Network of Forest Practitioners. 22: 17-22.
http://www.nnfp.org/content/newsletter.html (01 June
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Successful Collaborative Efforts::

Resources for
Ecological Monitoring

Atlantic Coastal Cooperative Statistics
http://www.accsp.org/pdesign.htm
This document discusses a multi-party collaborative motoring project where the data collectors
also had an economic interest in the results of the
monitoring. It provides insight on how to obtain
credible data while working in a complex situation with potential for conflict of interests.

Overview of Ecological Monitoring:
Derr, T. et al. 2005. Monitoring Handbook 4:
Monitoring ecological effects. NAU Ecological
Restoration Institute, http://www.eri.nau.edu
ERI/USFS Multiparty Monitoring Handbooks.
Available at: https://library.eri.nau.edu:8443/
handle/2019/60

Adler, Peter S.; Birkhoff, Juliana E. [N.d.].
Building trust: when knowledge from “here”
meets knowledge from “away”. Portland, OR:
The National Policy Consensus Center.
http://www.policyconsensus.org/pubs/
npcc_pubs.html (01 June 2005). This document
provides tips and strategies for building trust
among diverse stakeholders.

Colorado’s Forest Types:
Colorado Forest Restoration Institute Publications & Reports
http://warnercnr.colostate.edu/publicationsand-reports/ The CFRI website provides publications and reports that look specifically at Colorado’s forest types.

Moote, Ann; Becker, Dennis (eds.) 2003. Exploring barriers to collaborative forestry: report
from a workshop held at Hart Prairie, Flagstaff,
Arizona. 17–19 September 2003. Flagstaff, AZ:
Ecological Restoration Institute. 24 p.
http://www.eri.nau.edu/forms/index.aspx (01
June 2005). This report summarizes the common
challenges collaborative groups face and suggests
ways to overcome them.

Colorado’s Forest Types
http://www.csfs.colostate.edu/pages/foresttypes.html This site provides succinct information on Colorado’s forest types and geographic
locations.
Ecological Restoration Institute’s Library
https://library.eri.nau.edu:8443/ The library
includes research on forest types across the western United States. This may be a good place to
find additional information on forest types of
interest.

Monitoring guidelines :
Collaborative Forest Restoration Program. 2003.
Multiparty monitoring and assessment guidelines for
community based forest restoration in southwestern
ponderosa pine forests. Albuquerque, NM: U.S. Department of Agriculture, Forest Service, Southwest
Region, State and Private Forestry. 94 p. http://
www.fs.fed.us/r3/spf/cfrp/monitoring/ (01 June
2005).This manual provides useful information about
organizing a collaborative effort, and collecting both
ecological and socio-economic data.
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Random Sampling:
Measuring & Monitoring Plant Populations Handbook
http://www.blm.gov/nstc/library/pdf/
MeasAndMon.pdfThis useful BLM publication has several chapters (5-7) on principles
of sampling, sampling objectives and sampling design.

Resources for SocioEconomic Monitoring
Derr, T. et al. 2005. Monitoring Handbook 5:
Monitoring social and economic effects of forest
restoration. NAU Ecological Restoration Institute, http://www.eri.nau.edu ERI/USFS Multiparty Monitoring Handbooks. Available at:
https://library.eri.nau.edu:8443/
handle/2019/61This chapter provides detailed
overview of potential indicators to measure social and economic attributes and methods to
measure them.

Schreuder, Hans, T.; Ernst, Richard; Ramirez-Maldonado, Hugo. 2004. Statistical
techniques for sampling and monitoring
natural resources. Gen. Tech. Rep. RMRSGTR-126. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky
Mountain Research Station. 111 p. http://
www.fs.fed.us/rm/main/pubs/electronic/
rmrs_gtr.html (01 June 2005).This document
provides an overview of statistical analysis
and considerations for monitoring natural
resources.

Flora, C. B., Kinsley, M., Luther, V., Wall, M.,
Odell, S., Ratner, S., et al. (1999). Measuring
community success and sustainability: An interactive workbook. Ames, IA: North Central Regional Center for Rural Development, Iowa State
University. Available at: http://ncrcrd.org/
LinkClick.aspx?fileticket=hkoHxss/
CTI=&tabid=87
Margoluis, R. A., & Salafsky, N. N. (1998).
Measures of success: Designing, managing, and
monitoring conservation and development projects. Washington, D.C.: Island Press.
Moote, A. et al. 2005. Multiparty monitoring and
assessment of collaborative forest restoration
projects: Short guide for grant recipients. Ecological Restoration Institute, http://
www.eri.nau.edu. Available at: http://
www.fs.fed.us/r3/spf/cfrp/monitoring/
index.shtml. This document provides a brief
overview of ecological, social and economic
measurements.

Data Analysis:
Measuring & Monitoring Plant Populations Handbook http://www.blm.gov/nstc/
library/pdf/MeasAndMon.pdfThis useful
BLM publication has a whole chapter (11) on
statistical analysis and provides many useful
references for further information.
Multiparty Monitoring Methods and Protocols for Forest Restoration https://
library.eri.nau.edu:8443/handle/2019/49
Chapter six of the Ecological Restoration
Institute’s handbook looks specifically at
analysis of monitoring data. The handbook
also includes some useful appendices on statistical analysis.

Moseley, C., & Wilson, L. J. (2002). Multiparty
Monitoring for Sustainable Natural Resource
Management (pp. 93). This workbook is designed for communities involved in natural resource management projects working on National
Fire Plan implementation projects in the West,
but provides options and general tools which can
be applied to any natural resource management
situation. Hart, M. (2006). Guide to Sustainable
Community Indicators (Second ed.). West Hartford, CT: Sustainable Measures.
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WPHFI INVENTORY FIELD DATA SHEET
First
START TIME:
Last Name
/
Plot Slope (Axis):
Plot Elevation:
END TIME:
GPS Datum/Projection Used:
UTM Zone:
GPS UTM (Easting):
GPS UTM (Northing):
Tag 4 trees, at base of tree near ground, and record distance and direction (degrees) to plot origin.
Tag #:
Tag #:
Tag #:
Distance:
Azimuth:

Distance:
Azimuth:
Treatment or Control Site:

Distance:
Azimuth:
# Yrs After Treatment:

Participant N

Tag #:
Distance:
Azimuth:

Plot ID Photo #:

Take Photo w/ Stand & Plot ID

1) South to North(0,0) #:

Take Photo from Plot Origin facing North along center axis

2) West to East (0,75) #:

Take Photo at 75ft facing East from center axis

3) East to West (0,75) #:

Take Photo at 75ft facing West from center axis

4) North to South (0,150) #:

Take Photo at 150ft facing South along center axis

0’:
80’:

10’:
90’:

20’:
100’:

30’:
110’:

40’:
120’:

50’:
130’:

60’:
140’:

70’:
150’:

PLOT NOTES: (Record Non-Native/Noxious Weeds and other Details about the entire plot and identifying features to aid fut
crews).
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Appendix B-Calculating amount of downed woody fuels

To find tons per acre for each size class, multiply (1) x (2) x (3) x (4) x (5) x (6) and divide the
resulting number by (7). See text to find values for these columns.
To find total tons per acre, add I + II + III + IV to get total V.
Fill in columns (1)–(8) using the following methods:
(1) Constant: This is 11.64 for all size classes
(2) n: For sizes less than 3$, this is the number of pieces encountered in each size class. For
sizes over 3$, this value is 1.
(3) Diameter2: For sizes less than 3”, use the table below to determine diameter2 based on the
dominant forest type. For example, in the case of ponderosa pine nonslash in the 0.25–1
$size class, simply enter 0.2366.
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For sizes over 3$, you do not need to use the table to determine diameter2. Instead, square the
diameter for each piece encountered and add these squares together. Enter this “sum of squares”
into the space in column (3).
For example, if you encountered three pieces of debris, measuring 3.8$, 6.1$, and 12.0$, you
would compute the following:
(3.8 x 3.8) + (6.1 x 6.1) + (12.0 x 12.0) = 14.44 + 37.21 + 144.0 = 195.65
Enter 195.65 into the table.
(4) Specific gravity: Use the table above to determine specific gravity based on the dominant
forest type.
(5) Secant: This is a number which corrects for the fact that pieces of debris do not lie at perfectly perpendicular angles to the transect line. The number you use will depend on the size
and whether the pieces are slash or nonslash fuels.

Non slash: for pieces less than 3” the
secant is 1.13

Slash: for pieces 3” and larger the
secant is 1.00.
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(6) (6) Slope factor: This is a number which corrects for the average slope of your transects. Use
the following table to determine what value to enter into column (6):

(7) Total transect length: This is the total length of transect line, calculated for each size class.
To get this value, multiply the number of transects by the length of each transect. This value
will be different for different size classes, since the length of transect varies for each size
class. For example, if you had six transects of six feet long for measuring the 0–0.25$ size
class, your total transect length would be 6 x 6 = 36. In these same six transects, if each
transect was 35 feet long for the 3$+ size class, your total transect length for that row would
be 6 x 35 = 210.
(8) Calculating fuel load: For each size class, multiply the values in columns: (1) x (2) x (3) x
(4) x (5) x (6). Divide the product of these six columns by the value in column (7). This will
give you tons per acre for each size class. To calculate total fuel load, simply add the values
in column (8) for each size class: I + II + III + IV.The sum of these values is the total fuel
load of your sampled area, measured in tons per acre.
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Appendix C: Statistical Analysis
There are many types of statistical tests that can be used to verify your monitoring data. Providing instructions for all of the possible tests is beyond the scope of this handbook. The purpose of this appendix
is to present some of the possibilities for verifying your monitoring data should you want to use more
rigorous statistical tests.
Non-representative data
Before you choose a verification (or inferential statistics) test, it is important to know if your data are
likely to be representative of the whole population. Non-representative data result from sampling methods that are not random or from a very small sample size. For example, let’s say you wanted to monitor
the extent to which project workers receive health benefits. If your sample onlyincluded workers employed by established businesses and didn’t include self-employed contractors, your data would be nonrepresentative of the population of workers. Your results might show that 90 percent of project workers
have health benefits when in fact, when the self-employed are included, the real number is more like
50 percent. Similarly, if you hand-picked which plots to measure for ecological data your data may be
biased If your data are non-representative, you can still calculate several statistics that will be useful for
comparing change over time on your sample plots. However, you cannot use the sign test or confidence
intervals to verify your data and you should be cautious about drawing conclusions about the larger
population or area based on non-representative data.
Did my treatment make a difference?
If you have small sample sizes of skewed continuous data you can use the sign test (page 64) to measure
if the changes between the pre-treatment data and the post-treatment data were significant
(not due to chance).
If you have nominal data and your data are not skewed, you can answer this question by calculating a
confidence interval (page 68). (Remember, skewed data means a lot of your numbers are big or a
lot of your numbers are small.)
Sign test: This is a good way to measure whether or not the changes between the pre-treatment data and
the post-treatment data are due only to chance or if the treatment really did have an effect. The sign test
is only used for continuous data and can be used for skewed data.
Confidence interval: Information from the confidence interval will tell you what kind of results you
would expect to see in the population at large if you had done the treatment on the entire population,
instead of just the sample. The confidence interval can be used for nominal data, but is not valid for
skewed data. Other common tests used to verify the type of data you have collected during your monitoring project include: t-tests, chi-square, analysis of variance, and linear regression. Providing instructions for all of the possible tests is beyond the scope of this handbook.
Sign test
If you have a sample that has less than 30 data points or is skewed, the sign test is an easy and appropriate way to assess the results of your project. The sign test is only used for paired data—that is, data collected before a treatment and data collected after a treatment from the same places. The sign test is used
for continuous data.
Calculating the sign test
(1) Make a four-column table like the one on page 66. List all of your data points from the pre-treatment
measurements in column A.
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(2) List all of the data points from the post-treatment measurements in column B.
(3) Subtract the post-treatment measurements from the pre-treatment measurements and put that value
in column C.
(4) If the difference between the pre-treatment data and the post-treatment data is positive put a plus
sign in that row in column D. If the difference in negative, put a negative sign in that row in column
D.
(5) Count the number of positive signs. In the equation we will use, the number of positive signs will be
labeled D.
(6) Count the number of data points in column A (this will be labeled as n) and divide that number by
two. This will be labeled as n/2 in the equation.
(7) Divide the total number of data points in column A (n) by 4 and then take the square root of that
number.
This will be labeled as
in the equation.

(8) Plug the values you calculated in steps 4 through 7 in the following equation to get the z+score.

(9) Use the z+ score to look up the associated value in the z-table (page 67).
(10)Once you have found the value associated with the z+ score, multiply that value by 2.
(11)If this number is smaller than 0.05 you can say there are statistically significant differences in the
pre-treatment and post-treatment data. This is very favorable.
(12)If this number is larger than 0.05 then you know there were not any statistically significant differences in the pre-treatment and post-treatment data.

Example of calculating the sign test:
From the table above, n=6 and the total number of positive signs (column D) = 4
Number of total data points (n) divided by 2: (n/2) = 6/2 = 3
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The square root of the number of data points divided by 4:

Using the z-table (below; see Table instructions), we see the associated area for the z+ score of 0.82 is 0.2939. We
multiply that value by 2 to get 0.5878. Since 0.5878 is larger than 0.05 we can conclude there were not any statistically significant differences between our pre treatment data and our post-treatment data. This means the treatment
did not have a measurable effect on the plot.
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Confidence intervals
A confidence interval is a range between two numbers that tells you how closely the average value in
your sample reflects the average value for the entire population. The confidence interval for a tatistic is
always calculated for a pre-determined confidence level using the standard error for your sample data.
We will always use 95 percent because it is the most commonly used value among natural resource researchers.
Remember, do not use a confidence interval if your data are skewed, were not randomly selected, or if
you have a small sample size. If any of those are true about your data, then the results of a confidence
interval would not accurately represent the population as a whole. If you have less than 30 samples in
your dataset, there are other statistical tests we can help you do to analyze your data other than the confidence interval.
Calculating the confidence interval for continuous data
A confidence interval includes two numbers: one to represent the upper limits and one to represent the
lower limits. To calculate the confidence interval’s upper and lower limits, you will need to know:
• the sample mean (average),
• the z-score (a constant, based on the confidence level; for a 95% confidence level, the zscore will always be 1.960),*
• the sample’s standard deviation (see page 17 for instructions on determining your sample’s
standard deviation) and the total sample size (number of data points or n).
•

For data such as yours, where we do not have information about the actual population, we could use
a t-score instead of a z-score.We will be using the z-score because it is easier to calculate and the
differences between the t-score and the z-score are insignificant.

Then simply plug those numbers into the following equations:

Example: Suppose your sample of tree diameters had a mean of 10.15 inches, a standard deviation of
3.44 inches, and your sample size is 6.**

Explanation: In this case, we can say we are 95% confident that the mean diameter of all the trees on the
site (our total population) is between 7.40 inches and 12.90 inches.
Confidence interval for nominal data
A confidence interval is a range around your average value tells you where the average value for your
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population is likely to fall. If the average for your post-treatment data falls outside of the confidence interval of your pre-treatment data, then the change that occurred is said to be statistically significant. For
nominal data you can calculatethe confidence interval for a percentage (e.g., species composition at a
site) and for percent change between two time intervals, such as pre-treatment and post-treatment.
** In this example we have a sample size of only six. When calculating a confidence interval with your
real data, it is important to have a sample size larger than 30.
Calculating confidence interval for a percentage
To calculate the upper and lower limits for the percentage’s confidence interval, you simply need to
know what your percentage is. For natural resources data we use a 95% confidence level, which has a
corresponding z-score of 1.96. Plug those values into the following equation:

Example: Suppose you were measuring the percentage of tree mortality from bark beetles. Your group
counted six trees out of 100 that had died, making your percentage 6% (i.e., 6/100). The z-score for a
95% confidence interval is 1.96. The confidence interval forthese values is calculated as:

Explanation: In this case, we can say we are 95% confident that the proportion of the tree population that
has died because of bark beetles is between 0.013 and 0.107 of the whole. So, we can assume with 95%
confidence the percentage of bark beetle mortality within the entire population is 1.3% to 10.7%.
Calculating the confidence interval for change over time
If you have found the percentage change of a specific species between two time intervals you can calculate the confidence interval for that value as follows. For this calculation, you will need to know the percentage from each time you sampled (e.g., before and after treatment) and the total size of the sample for
each sample. Calculate the upper and lower limits of this confidence interval following these steps:
(1) Subtract the percentage from the second time you sampled (P2) from the first time you sampled (P1)
to find the difference (D) between the two:
P1 - P2 = D
(2) Find the standard error for the difference between the two sample times using the following formula:
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3) Plug the values you got from steps 1 and 2 into the following formulas to find the upper and lower
limits for the confidence interval:

Example: Suppose your group is curious to see if your restoration efforts attracted more songbirds to the
restoration site. The first time you sampled the plots you found 150 birds (this is your n1)
and 25 of them were songbirds. To find the percentage of songbirds in the plots you calculated 25/150,
or 0.17 (P1) = 17%. Your group performed some treatments and went back to take measurements
the next year. This time you found 160 birds (this is your n2) and 52 of them were songbirds. This
means your percentage of songbirds for the second year was 52/160, or 0.33 (P2)=33%. Your group will
use a confidence level of 95% (corresponding z-score is 1.96). Now simply follow steps we discussed
above:
(1) Subtract the percentage in second time interval (P2) from the first time interval (P1) to find the difference (D) between the two:
P1 - P2 = D
0.33 - 0.17= 0.16
33% - 17% = 16% change in songbirds from year 1 to year 2
(2) Find the standard error for the difference between the two time intervals using the following formula:
In this case:

(3) Plug the values you got from steps 1 and 2 into the following formulas to find the upper and lower
limits for the confidence interval:

Explanation: With this information, we can assume that if the group performed the same treatments on
the entire population (the whole project area) that it had performed on the sample plots, the increase in
songbirds would be between 0.06 and 0.26 of all of the birds, or between 6% and 26% of the total bird population.
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