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TINTRODUCTION

1.1 INTRODUCTION

Integrating societal goals for safe, efficient transportation with goals for ecological health is a
crucial issue that is receiving increased attention (Forman and others 2003; NRC 2005). Today,
most road projects involve modifications to existing roads rather than new construction (NRC
2005). As roads are modified or updated section by section, a tremendous opportunity presents
itself to remedy the oversights of the past, mitigating environmental impacts and improving
conditions for healthy ecosystems.

Native plants are afoundation of ecological function, affecting soil conservation, wildlife habitat,
plant communities, invasive species, and water quality. Establishing locally-adapted, self-
sustaining plant communities can also support transportation goals for safety and efficiency.
Protecting existing native vegetation during construction and establishing native plants on
roadsides following disturbance is key to integrating road systems into natural systems.

Past obstacles to establishing native plant communities on roadsides have been technical,
informational, and organizational. Effective strategies and practical techniques for revegetating
thedisturbed conditionswith limited resources mustbe made available to practitioners. Multiple
disciplines, ranging from engineering to soil science, ecology, botany, and wildlife science,
must be able to work cooperatively, not in isolation. Finally, improved interagency cooperation
and planning processes that consider ecological effects at every step are necessary.

This report offers an integrated approach to facilitate the successful establishment of native
plants along roadsides and other areas of disturbance associated with road modifications.
It guidesreaders through acomprehensive process of: 1) initiating, 2) planning, 3)implementing,
and 4) monitoring a roadside revegetation project with native plants.

1.2 THE ECOLOGICAL EFFECTS OF ROADS

The ecological effects of roads are widespread. The road system of the United States is over
4 million miles long, paved roadways covering roughly 0.5% of the total land area of the country
(NRC 2005). The total road corridor (paved road plus roadside or right-of-way) covers over 1% of
the nation’s surface, an area equal to the size of South Carolina (Forman and Alexander 1998).
If unpaved roads are also included, the percentages dramatically increase. The ecological effects
ofroads extend into azone far beyond the edge of the pavement, with impacts including habitat
fragmentation, wildlife mortality, noise and chemical pollution, disruption of hydrologic cycles
and water quality, increased erosion, and the potential creation of transportation corridors for
noxious and invasive weeds that can invade adjacent lands. With these considerations, the
estimate is that 15% to 20% of the United States is ecologically impacted by roads (Forman
and Alexander 1988). The enormous challenge of understanding and mitigating the ecological
effects of roads deserves attention and dedication on local, regional, and national scales.

Figure 1.1 - Beginning
revegetation with native
species on scenic highway to
Mt. Bachelor, OR.
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1.2.1 Past Oversights

Much of the existing road network was designed and constructed prior to the 1970s, before
ecological health became a widespread concern among American citizens and before
ecological science had evolved to address large-scale issues (Forman and others 2003).
Safety and efficiency were the primary goals of transportation programs in the past, and the
ecological impacts were largely overlooked in road planning, construction, and maintenance
efforts. The impacts of roads on natural systems (habitat fragmentation, interruption of
natural flows of water, and disturbances to animals, plants, soils, and other resources) were
not well understood or considered. Lack of awareness about these factors led to a largely
antagonistic perception of the relationships between natural systems and road systems.
For example, without effective revegetation of the road disturbance with desirable plants,
undesirable vegetation encroaches on the roadway. Undesirable vegetation can disrupt safety
and visibility, leading to expensive and potentially hazardous maintenance measures. Conflicts
with neighboring land uses could result if corridors for invasive weeds are established or if
vegetation control measures are viewed as a health or safety concern by the community. These
are all issues that arise when integration of ecology and road design is not considered during
road construction or modification. Eventually, poorly integrated natural processes can threaten
the function and structural integrity of the road itself, leading to premature deterioration of the
road'’s infrastructure (Berger 2005).

1.2.2 Present Awareness

For over twenty years, the ecological effects of roads have been increasingly recognized by the
Federal Highway Administration and by state and county transportation agencies (NRC 2005).
Today, road effects on ecology are major concerns among private citizens, land management
agencies, and the transportation community. Attempting to integrate ecological concerns into
all phases of road design and construction processes is an emphasis. For example, legislation
in some areas now requires road modification and construction projects to restore aquatic
connectivity; fish passages have been built to reconnect natural water flows under roads. Other
projects have dealt with roads that were deemed particularly dangerous to endangered species.
These roads are being made more permeable to wildlife, greatly reducing losses by improving
habitat connectivity, ensuring better visibility for drivers and animals, and creating safer
underpasses or overpasses for wildlife (Forman and others 2003). Efforts to limit inappropriate
road expansion and to obliterate unnecessary roads remain important. Where modification
and increased capacity are needed, ecological health, safety, and efficient transport should
not be seen as mutually exclusive goals. Understanding roadside environments, how they
interface with adjoining lands, and how to minimize environmental impacts has become a
key focus of the Federal Highway Administration (Fekaris 2006). Given political will and proper
levels of attention, integration of environmental concerns with transportation can result in
significant gains.

Figure 1.2 - Most existing roads
were constructed prior to 1970,
before ecological health became a
widespread concern.




1.2.3 Trends in Road Construction FlgUreI T oo proeets today

Roads are widespread, fairly permanent fixtures do not involve building new roads,
onthe landscape and in the culture of the United but rather modifying or obliterating
States. Given current trends, road networks existing roads. This photo shows recently
are expected to persist and expand over time. planted trees on an obliterated section of
Current modifications predominantly involve highway in Oregon.

updating infrastructure to increase capacity and 2B 2 o T

to improve safety, including widening roads,
replacing bridges, and reducing or altering
curves and grades to make the road safer for
motorists (NRC 2005). The opportunity to
integrate ecological goals with transportation
was largely overlooked when the road networks
were originally constructed. However, as the
nation’s roads are being updated and modified,
the opportunity cannot be ignored. While
attempts to integrate ecological factors are
positive, much of the potential for improved
integration is still largely unrealized. This has
been due, in part, to a shortage of practical
information and the absence of an integrated
approach to the challenge. The question is,
what can be done to balance societal desires for
safe, efficient transport with requirements for a
healthy environment? In other words, what can
be done to help road systems function better
with natural systems?

1.2.4 Challenges and Opportunities

Thefactthatthe nation’sroad networks are in varying states of updates, repairs,and maintenance
presents an opportunity to improve road systems so that they integrate better with natural
systems. Planners and practitioners strive to understand detrimental effects associated with
roads and how to mitigate them by minimizing the ecological footprint of roads and maximizing
potential ecological benefits. Many groundbreaking resources have emerged to support these
efforts. Road Ecology: Science and Solutions (Forman and others 2003) places the challenges into
comprehensive frameworks, illuminating goals and principles for an ecological approach to
transportation issues. Multiple intervention points are identified to help road systems function
better with natural systems, integrating transportation goals for safety and efficiency with
approaches to protect water, soil, vegetation, wildlife, and aquatic life. The Federal Highway
Administration published a landmark book called Roadside Use of Native Plants (Harper-Lore and
Wilson 2000) that brought the issue of native plant communities on roadsides to the forefront,
highlighting the importance of native plants and their ranges of use. The National Research
Council of the National Academies of Science built on the frameworks identified in Forman and
others (2003) in their publication, Assessing and Managing the Ecological Impacts of Paved Roads
(2005). Processes and procedures within the Federal Highway Administration, state departments
of transportation, and other agencies are being improved for better integration.

In addition to these advances and other publications directly related to roads, many advances
in the field of restoration ecology have distilled essential principles applicable to severely
degraded sites (e.g., Munshower 1994; SER 2004; Clewell and others 2005; Claassen 2006).
Also vegetation specialists within many federal agencies have come to consensus about what
truly defines a “native” plant and have developed seed collection, transfer, and propagation
guidelines to ensure that locally adapted materials are used for optimum results (Withrow-
Robinson and Johnson 2006). In both the public and private sectors seed and plant producers
and installers have been developing innovative methods to meet unique site conditions.

While the publications above assess the best available conceptual and theoretical information,
each also recognizes extensive needs for further work, particularly in developing practical
approaches to integrating ecological needs with transportation goals. Central to ecosystem
function is native vegetation (SER 2004). However, much of the pertinent information related to
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protecting and establishing native plants on roadsides has been scarce, scattered, unexamined,
or not translated into practice. This report is intended to bridge some of the informational,
technical, and organizational gaps to facilitate successful roadside revegetation with native
plants. Anintegrated approach is offered to support both planners and field-based practitioners
in successfully revegetating roadsides and obliterated roads with native plant communities.

1.2.5 Why Revegetate Roadsides With Native Plants?

Long-term economic and ecological advantages can be gained by establishing desirable
native plant communities on roadsides (Berger 2005). Desirable vegetation can support safety
goals by reducing headlight glare, reinforcing the road alignment, serving as crash barriers,
protecting view planes and visibility, controlling snow drifts, and reducing wind speeds
(Forman and others 2003). Vegetation can improve the experience of the road user by creating
natural beauty and diversity along the roadside. A self-sustaining native plant community
on a roadside stabilizes slopes, protecting water and soil quality. Also, the establishment of
healthy native plant communities is often the best long-term defense against invasive and
noxious weeds. Maintenance costs for managing problematic vegetation are reduced, as is the
pollution and controversy that sometimes results from roadside herbicide use (Berger 2005).
Establishing healthy roadside vegetation can also help sequester carbon dioxide, one of the
factors responsible for global climate change (Palumbo and others 2004).

Using desirable vegetation supports every aspect of the goals identified as Best Management
Practices by the transportation community for road design. These include goals to:

Produce a safe, cost effective, environmentally friendly, and practical road design that is
supported by and meets the needs of the users;

Protect water quality and reduce sediment loading into water bodies;

Avoid conflicts with land use;

Protect sensitive areas and reduce ecosystem impacts;

Maintain natural channels, natural stream flow, and passage for aquatic organisms;
Minimize ground and drainage channel disturbance;

Control surface water on the road and stabilize the roadbed driving surface;
Control erosion and protect exposed soil areas;

Implement needed slope stabilization measures and reduce mass wasting;

Avoid problematic areas; and

Stormproof and extend the useful life of the road (Keller and Sherar 2003 p.3).

Clearly, the goals of safe and efficient transportation and the goals of establishing and protecting
native vegetation overlap; when properly integrated, native vegetation supports road objectives.
At the same time, considering vegetation as part of road planning processes aids in minimizing
and mitigating the ecological footprint of roads during and after construction. Native plants can
provide wildlife habitat and improved connectivity for the length of the road (Forman and others
2003). Understanding vegetation and forage preferences, and careful design that accounts
for visibility and safety, can guide animals to safe passageways for travel while minimizing
dangerous interactions with vehicles. The presence of birds and small animals can be enhanced
when appropriate plant species are established. Processes that work for roadside revegetation
are also applicable to the process of obliterating roads where roads are no longer needed.

Despite the potential benefits, many past attempts at roadside revegetation have not
succeeded. Although revegetation was considered important, some efforts emphasized
seeding of exotic plants; these species were perceived as cheap, readily available, and easy to
establish on disturbed sites. This practice has not been effective or self-sustaining; either the
exotic grasses spread to become problematic weeds, or failed to persist because they were not
locally appropriate species. Once established, exotics may preclude reintroduction of desirable
natives. In other cases, little consideration was given to establishing roadside vegetation
during or after construction; if vegetation was considered, it was often as an afterthought.
A short-term approach to revegetating roadside disturbances often predominated past efforts,
while efforts toward long-term development of native plant communities did not receive
adequate consideration. The ineffectiveness of revegetation efforts in the past has resulted



Figure 1.4 - Steep slopes are often difficult Figure 1.5 - Past shortcomings can often

to revegetate and many past attempts at be attributed to a lack of an integrated
roadside revegetation did not succeed. approach and proper coordination.
Inexpensive and readily-available exotic This photo shows an area recently

plants either failed to establish or became revegetated with native plants that has been
weeds. Integration of revegetation sprayed with herbicide.

techniques into road planning and
implementation increases the chances
of success.

in such problems as erosion and sediment loading, affecting soil and water quality. Visually,
unvegetated road disturbances diminish the experience of the road user and economically
translate into high costs associated with ongoing maintenance.

Past shortcomings may be attributed to past approaches. Past approaches were often piecemeal,
lacking the cooperation and coordination of disciplines necessary to fully integrate native
vegetation into the road planning and construction processes. Revegetation specialists typically
worked in isolation from engineers, and sometimes even the biological specialists (soil scientists,
botanists, wildlife biologists) failed to coordinate their knowledge and efforts. Success will
require both practical and technical information and a systematic, comprehensive approach.

1.3 OBJECTIVES OF THIS REPORT

This report brings theoretical and practical information to bear on the challenge of revegetating
roadsides with native plants. Written by and for field-based practitioners and planners, it
synthesizes a comprehensive, holistic approach that can be utilized to effectively revegetate
roads. Given the unique ecological factors at play on each project, the report is not prescriptive,
but rather provides principles and a step-by-step process for practitioners to use in the field to
generate and implement their own locally-appropriate, context-sensitive revegetation plan.
Examples and proven strategies are offered to serve these goals. Topics covered include how to:

Improveinteragency cooperationinorderto thinkecologically about road modifications
and make revegetation an integral part of road design;

Coordinate information and efforts to bring multiple disciplines like soil science,
botany, ecology, wildlife science, and engineering together for a holistic approach
to revegetation;

Integrate goals for native vegetation establishment with transportation goals for safety,
function, and efficiency;

Mitigate harsh, drastically disturbed conditions of road disturbance areas to enable
native plants to establish through natural colonization and/or active replanting; and

Apply a step-by-step planning, implementation, and monitoring process, including
mid-course corrections, to overcome potential pitfalls, resulting in cost-effective,
successful establishment of native plants.

1.4 SCOPE

The complexity of ecologically-sensitive road design, implementation, and maintenance will
require increasing cooperation from multiple sectors of society and multiple fields of practice
and expertise. This report should be of interest not only to field-level practitioners and planners
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in both public and private sectors, but also to transportation and planning professionals, land
managers, policy-makers, owners and operators of roads on county, state, and federal scales,
and concerned citizens. Any agency or organization involved in altering, developing, operating,
maintaining, or decommissioning roads will find this publication useful. The report is especially
intended to serve field-based practitioners and planners of diverse backgrounds whose goal is
to establish locally appropriate, low-maintenance native plant communities on roadsides.

Because integration of multiple sources of expertise is necessary for effective long-term
revegetation, this report does not assume that the reader has a particular specialized
background. Rather, the “revegetation specialist” addressed in the text may have a background
in botany, ecology, soil science, engineering, biology, or other related areas of study. It is
generally recommended that one practitioner be in charge of all the aspects of the revegetation
project. This “revegetation specialist” will probably involve one or more other specialists during
the planning process, depending on the project’s complexity. The report states where specific
expertise is required (genetics, soil diagnosis, and so on). In all cases, the input and cooperation
of the individuals and agencies involved with the road project is assumed. Key milestones for
communication and integration between engineers and non-engineers are highlighted.

The approach in this report is applicable to any type of road-related project that involves
disturbances to soil and vegetation. Revegetation of roadsides adjacent to dirt, gravel, and
paved roads would involve similar processes, although differences in scale and intensity
of efforts would be required. This report applies to new construction or reconstruction and
modifications of existing roadways. The principles and practices will also be applicable in
revegetating other drastically disturbed sites with similar limiting factors to roadsides, such as
gas, oil, or powerline rights-of-way, mine reclamation projects, and so on.

This report focuses on opportunities for intervention during road construction or modification.
Long-term maintenance and management of established roadsides is discussed briefly, with
references to related management practices and guidelines such as Integrated Roadside
Vegetation Management (IRVM) (Berger 2005). Roads must be made more permeable to natural
flows of water, animals, and plants if the road disturbance is to heal and not expand. Efforts to
improve habitat connectivity and road permeability, as well as storm water drainage and created
wetlands, can be supported by the revegetation practices described in this report. However,
specific mitigations for these important topics are beyond the scope of this publication. Also
beyond the scope are the myriad other potential ecological and social issues that affect, and
are affected by, the engineering and transportation planning processes. Issues of social justice
and community planning are not addressed. Larger policy-making and planning procedures
are also beyond the scope of this report.

1.5 APPROACH

The establishment of native plant communities in order to re-initiate natural processes of
succession is a cornerstone of most ecological restoration work (Dorner 2002). Effective
revegetation on highly disturbed roadsides aims to initiate or accelerate processes of
natural succession following disturbances. Three aspects are generally considered: 1) health
(the functional processes of the ecosystem); 2) integrity (species composition and community
structure); and 3) sustainability (resistance to disturbance and resilience) (Clewell and others
2005). While restoring plant communities to a pre-disturbance state is not a goal (or even a
feasible idea) on highly disturbed roadsides, each of the above three ecosystem aspects can
be improved with appropriate roadside revegetation practices. Establishing reference sites, or
natural models for the desired recovery process, is key to identifying and overcoming limiting
factors and accelerating succession by establishing native plants.

Native species play an important role in ecosystem development. If native species can colonize
and become established on a disturbance, the processes of succession, including soil genesis and
nutrient cycling, are initiated (Brown and Amacher 1999). In most cases, native plants are established
on roadsides through seeding or planting, although sometimes passive revegetation (natural
colonization) is possible where native seed banks are nearby and limiting factors are mitigated.

1.5.1 What is the “Roadside”?

In this report, the term “roadside” refers to any area of disturbance associated with road
maintenance, modification, or construction, including waste areas and source pits associated



Figure 1.6 - The establishment of native Figure 1.7 - “Roadside” refers to disturbed
plant communities is the cornerstone of areas resulting from road construction,
ecological restoration. modification, or improper maintenance.

with construction. The roadside includes the sides of the road corridor beyond the paved road
(shoulders and verges), including impacted or maintained roadside areas within the right-of-
way (ROW). The roadside area to be considered is sometimes narrow, but sometimes extends
several hundred feet or more beyond the edge of the road surface, depending on the project.
In some situations, revegetation efforts may encompass areas beyond the ROW that are
affected by or affect the road. The area where the revegetation specialists will be focusing their
efforts is usually dependent on two factors: ownership of the ROW and surrounding lands, and
areas of disturbance (construction footprint). Most roadsides represent drastically disturbed
environments, where soil may be severely compacted and consist of a mixture of subsoil
and parent material. Beneficial microorganisms, nutrients, and organic matter necessary to
sustain plant growth may be absent or severely depleted. Often, slopes can be very steep and
inaccessible, exposed to the erosive effects of wind and water. These environments represent a
revegetation challenge of high intensity and magnitude.

1.5.2 What are Native Plants?

“Native plants,” as definedin thisreport, are locally-adapted, genetically appropriate native plant
materials (Withrow-Robinson and Johnson 2006). These plants are best suited evolutionarily to
the local conditions, and generally require less maintenance and persist longer than non-local
species. When properly established, they form plant communities with the potential to be self-
sustaining and self-perpetuating over time, requiring little or no input from humans to persist.

Recent Policies Mandating Native Plants for Revegetation

Many land management agencies have policies mandating the use of native plants as the
first choice in revegetation efforts. For example, the USDA Forest Service has the following
policies in place applicable to road projects on Forest Service lands:

1) National Native Plant Materials Policy: “Native plant materials are the first choice
in revegetation...” (USFS 2005)

2) BAER Manual (FSM 2523): “...when practical, use genetically local sources of native
species...” (USFS 2003)

3) National Fire Plan Strategy: “...promote the establishment of local sources of native
seed and other plant material...” (USFS/USDI 2001)

4) R6 Revegetation Policy: “...use local native plants to the extent practicable...
(USFS 2004)

5) NW Forest Plan; Interior Columbia Basin Ecosystem Management Project: “...maintain
and restore native species and ecosystems...” (USFS/USDI 1994; USFS 2006)

6) Federal Register Notices: “...promote the use of native plant materials in revegetation
for restoration and rehabilitation... native plant materials are the first choice in
revegetation for restoration and rehabilitation efforts.” (FRN 2006)

"

Introduction

Initiation

Monitoring
&Management

Roadside
Revegetation




Initiation

Monitoring
& Management

Roadside
Revegetation

Figure 1.8 - Roadsides are often
drastically disturbed and infertile
environments with no topsoil, severe
compaction, and a lack of beneficial
microorganisms. They include
obliterated roads and borrow sites as
shown in this photograph.

Challenges to establishing native plants on roadsides are significant, partially due to
difficulties in obtaining appropriate materials. However, the technological capacity of native
plant propagation and outplanting efforts in both private and public sectors has increased
significantly in the past decade. Innovative stocktypes and application methods have made
roadside revegetation more effective. Recent policy mandates from many federal agencies that
manage roads now require the use of native plant materials as the first choice in revegetation
efforts, thereby making roadside revegetation an important and expanding frontier for native
plant suppliers.

1.5.3 Goal-Oriented, Context-Sensitive, and Integrated

The overall approach in every aspect of this report is: 1) goal-oriented, 2) context-sensitive,
and 3) integrated (Clark and others 2001). The goals of establishing and protecting native plant
communities are considered along with transportation goals, including safety, efficiency, and
cost-effectiveness for the life of the road. This is not an idealistic approach; while recognizing
that resources are limited and conditions are degraded, the approach is technically and
economically feasible and still enables roads to integrate with ecological processes.

Sensitivity and appropriateness to the local context is an essential part of successful
revegetation. This report is intended to facilitate the process of developing locally appropriate,
context-sensitive prescriptions on a project-by-project basis, integrating top-down and
ground-up information to meet the specific challenges at hand. For this reason, the report does
not provide cookbook-type “recipes” or specific prescriptions. For example, no one-size-fits-all
seed mix exists for roadside revegetation. Any information source emphasizing generalized
prescriptions should be treated with suspicion. The process and tools needed to arrive at
context-sensitive solutions are not difficult to apply; by following the steps outlined in this
report, practitioners will be able to generate the information they need.

The approach integrates multiple disciplines and the efforts of multiple agencies and
participants from both private and public sectors in a comprehensive process for effective
revegetation with native plants. The report was written with inputs from specialists in soil
science, botany, ecology, plant pathology, environmental management, and engineering, and
is based on experiences in revegetating a range of diverse projects in the Pacific Northwest.
The principles and methods used are broadly applicable nationwide.

1.6 HOW THIS REPORT IS ORGANIZED

The process of roadside revegetation consists of four stages: 1) initiation, 2) planning,
3)implementation,and 4) monitoring and management. In Initiation, the revegetation specialist
must gain an understanding of the agencies and cooperators involved in order to develop key
relationships and navigate through the decision-making process. Synchronizing timelines for
revegetation with road planning and construction is essential to ensure that conservation and
revegetation is an integral part of the process. The Initiation chapters also help the reader to
effectively interpret engineered road plans and communicate using standard terminology.
ThePlanning chapters guide thereaderthroughthe process of understanding projectobjectives,
assessing the site, designing mitigating treatments, strategizing revegetation procedures, and
creating a revegetation plan. The Implementation chapters provide information on how to



Figure 1.9 - The project cycle consists of four phases: initiation, planning, implementation, and
monitoring/management.
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make the project unfold in the field, including coordinating contracts, budgets, and schedules.
Implementation Guides provide practical “how-to” information for working with soil and site
treatments, obtaining plant materials, installing plant materials, and caring for plants in the
field. Finally, the Monitoring chapters describe how to assess the overall effectiveness of the
revegetation project to contribute to adaptive management and future knowledge, and to
correct any shortcomings in order to achieve project objectives. A summary of the process is
provided in Figure 1.9 and Table 1.1.

1.6.1 Initiation Overview

Effective roadside revegetation requires not only technical skills, but an ability to cultivate
relationships and navigate the decision processes so a project will run smoothly. Road
construction, alteration, or decommissioning involves a variety of land management agencies,
programs, and regulations. The process of initiating a project is discussed in two parts. Initiation
Part One orients the reader to learn about agency procedures for the organizations involved
with road projects. Timelines, budgetary issues, and interface opportunities are outlined to
enable the revegetation specialist to integrate revegetation efforts with the overall process
of road planning and construction. Attending meetings and coordinating with key contacts
within agencies are important tasks in the early stages of the project.

Initiation Part Two provides the revegetation specialist with information to understand
the current project site conditions, as well as predict the future condition of the project site
following road construction. The revegetation specialist will become familiar with reading and
interpreting road plans and understanding terminology. This ability enables the specialist to
communicate effectively about engineering plans, contribute fully to minimizing the adverse
environmental impacts, and ensure that revegetation is an integral part of the efforts.

1.6.2 Planning Overview

Planning forms the foundation of future work. The Planning section of the report guides
the reader through a comprehensive, holistic process culminating in the production of a
revegetation plan. The process of planning is organized into four phases.

Phase One involves defining four essential aspects of the project: 1) the project objectives;
2) the management areas (revegetation units); 3) the models (reference sites ); and 4) the specific
goals for each revegetation unit (desired future conditions, DFCs). Defining these steps requires
a preliminary assessment of site characteristics, including vegetation, climate, and soil.
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Table 1.1 - Overview of Roadside Revegetation Report.

Initiation Section

Initiation
Part One

Monitoring
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""""""""""" Initiation
Summary Part Two

Planning
Phase One

Planning
Phase Two

Planning
Phase Three

Planning
Phase Four

Implementation

Monitoring &
Management

Roadside
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Chapter

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapters
9and 10

Chapters
11and 12

Goal

Understand
cooperators
and
decision
processes

Understand
road
plans and
terminology

Orient to
the project

Assess site

Analyze
vegetation

Integrate
and
strategize

Example
plan

Implement

Monitor,
evaluate,
correct,
improve

Tasks

Set up recordkeeping
Identify cooperators: Who is involved?

Define cooperator processes, timelines, and
milestones

Define objectives: What is the project trying to
accomplish?

Read and interpret road construction plans

Understand key concepts and terminology

Determine revegetation objectives

Define revegetation units

Select reference sites

Define the desired future conditions

Identify limiting factors

Consider mitigating measures for limiting factors
Assess site resources

Complete vegetation assessment

Create a comprehensive species list

Define plant communities and successional processes

Determine which species and groups of species will
be used on the project

Identify target plant requirements

Create menu of potential stocktypes and plant
establishment methods

Finalize revegetation units and DFCs

Integrate survey information and develop potential
revegetation strategies

Compare and select revegetation strategies
Assemble revegetation plan

Example revegetation plan

Review plans with construction engineer

Review revegetation treatment details and timelines
Develop contracts

Install treatments

Keep good records

Carry out quality control

Implement early maintenance and monitoring
Revisit project objectives and DFCs

Develop monitoring strategy and protocols
Record data and observations

Evaluate data and apply any corrective measures
Organize and file project results

Share lessons learned



Phase Two defines site attributes and limiting factors. Factors critical for plant establishment,
such as soil and climate, are assessed. Obstacles to revegetation, as well as available resources,
are examined. A field investigation of each revegetation unit describes the site in depth and
reveals how site characteristics will either support or limit achieving the DFCs. Based on the
determination of limiting factors, a menu of possible mitigating measures for assuring plant
establishment (short-term) and plant community development (long-term) is developed.

Phase Three matches plant species, genetic sources, stocktypes, and planting methods to
the environmental conditions of the site. The vegetation is surveyed and analyzed. From
a comprehensive list of species and plant communities present on the reference sites, the
revegetation specialist determines which species are best adapted to the site and best suited to
revegetation needs. Options for sources, stocktypes, and application methods are considered
in order to achieve the desired results.

Phase Four combines all elements into a comprehensive strategy for revegetation. The possible
options for site mitigation and revegetation methods are compared and considered, and the
most promising are selected. Choices will be based on site factors and plant needs, and on
other considerations, such as costs and availability of materials and services. There are always
several ways to meet the revegetation objectives, and different options are considered in Phase
Four. When preferred strategies have been selected, budgets and schedules are developed
and recommendations are compiled and presented in the Revegetation Plan.

1.6.3 Implementation Overview

Implementation involves coordinating and cooperating with different contractors and
agency personnel before, during, and after construction of the road. Treatments for soils and
site conditions, obtaining plant materials, and installing and caring for plants are part of the
implementation process. These chapters will help the reader to review plans with engineers,
finalize treatment details and timelines, and develop the contracts necessary to successfully
carry out the treatments. Keeping good records and carrying out quality assurance and
early maintenance activities are essential aspects of the implementation phase. In all cases,
coordinating the revegetation work with road construction or modification processes is a
major challenge, and a key opportunity to improve conditions for native plants.

Implementation Guides are short sections illustrating how to implement and/or contract for
a particular treatment or mitigation measure. Guides are provided for: 1) working with soil/site
treatments, 2) obtaining plant materials, 3) installing plant materials, and 4) caring for plants.

1.6.4 Monitoring and Management Overview

Monitoring is necessary to determine if goals defined at the outset of the project have been
met. Scope, methods, and parameters for monitoring are determined on a project-by-project
basis. These must be developed so that sufficient and meaningful information is obtained
efficiently and interpreted properly. Keeping written records throughout the process of
roadside revegetation is essential to evaluate each project.

Monitoring continues several years after implementation, providing a chance to assess
effectiveness and correct any shortcomings. In the Planning section, project objectives
describe an overall vision for the project. The desired future conditions refined the objectives
into specific, measurable goals for the project site. Monitoring is an opportunity to evaluate the
effectiveness of the revegetation efforts as they relate to objectives and goals.

Monitoring is essential for adaptive management of the project. Adaptive management is a
systematic approach to good management guided by a process of regularly assessing and
learning from what works and does not work on a project. As a project develops, monitoring
can be used to assess progress and plan any necessary corrections.

When statistical methods will be necessary, Monitoring Protocols describe statistical sampling
design, data collection techniques, and analysis methods for quantifiable parameters to
determine success of roadside revegetation projects.

Revegetating roadsides with native plant communities is a developing field. Practitioners
are encouraged to share lessons learned, including successes and failures, to improve the
knowledge base for future work.
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Figure 1.10 - Native roadside
revegetation in Glacier National Park.
Photo by Tara Luna.

1.7 SUMMARY

Balancing ecological health with safe and efficient transportation is an enormous challenge.
To protect environmental health and sustain the native plant communities of roadsides,
conservation and revegetation efforts must be an integral part of road design and construction.
The process of roadside revegetation requires communication, interdisciplinary practice, and
interagency cooperation. This report guides the reader through a comprehensive process for
initiating, planning, implementing, and monitoring a project in order to successfully establish
and perpetuate native plant communities on roadsides. It is hoped that this report will advance
the science and technology of this field and lead practitioners to more successful projects.



2 INITIATION PART ONE: COOPERATORS AND PROCESSES
FOR ROAD PROJECTS

2.1INTRODUCTION

Incorporating ecological thinking into all aspects of road design, construction, modification
and maintenance is a goal of the transportation community (NRC 2005; Forman and others
2003). The Federal Highway Administration, state departments of transportation, and other
federal, state, and county agencies that work with roads seek to meet this goal. One way this
goal is being addressed is to integrate issues of native plant revegetation (including protection
of existing vegetation) into the larger design and construction processes of road projects.
Considering revegetation in isolation from, or as an appendix to, the larger road project is a
trend of the past that often resulted in failure. Instead, revegetation planning is now an integral
part of road planning.

To ensure successful integration of revegetation issues with the overall road project, as the
revegetation specialist and a field-based practitioner you need to define the cooperators
and agencies involved, know how their processes and timelines work, and get involved at
the appropriate times and with the appropriate people. You should expect to be involved in
planning and construction processes whenever soil and vegetation disturbances are planned.
Agency schedules, milestones, and budgetary issues must be defined to effectively synchronize
the revegetation efforts with road development and construction.

Road projects may be administered from local, state, or federal levels, or sometimes from a
combination of all three levels. In terms of timing, road projects can be complex and span many
years, whereas other projects are streamlined and quick. It is beyond the scope of this manual
to cover all the specific procedures and processes for every agency involved in road projects.
This chapter, however, provides an overview to successfully navigate the various processes for
your project. Your involvement and input is important from the inception of a project through
completion. The earlier you can get involved, the more input you will have. The preliminary
steps for initial involvement are:

Set up recordkeeping.

Identify cooperators: Who is involved?

Define cooperator processes, timelines, and milestones.
Define objectives: What is the project trying to accomplish?

This chapter provides an overview of each of these steps, followed by a discussion of typical
road development processes which include key points of involvement.

2.2 PRELIMINARY TASKS OF INITIATION

Roadside revegetation is a complex process, involving many agencies and individuals. A single
revegetation specialist should be appointed to coordinate the planning, implementing, and
monitoring/adaptive management of the revegetation aspects of the road project. You may
enlist specialists from other natural resource disciplines to help with the revegetation planning
so that expertise in botany, soil science, engineering, hydrology, wildlife biology, geology, and
ecology is available for the project as necessary. You should be the coordinator of the technical
and organizational aspects of the revegetation project, as well as the contact between
revegetation efforts and the other aspects of road planning and construction.

2.2.1 Initiate Recordkeeping

When initiating a project, it is important to set up a good system for keeping records and
documenting the progress. Starting a diary with regular entries of meetings and site visits is a
good, basic start. As the project progresses, narratives, data, photos, contracts, specifications,
and other information will need to be organized and stored. The diary can begin to serve as
a case history for the project. The information will be invaluable when implementing and
later assessing the project. For now, start a folder in the computer (to include all e-mails and
electronic documents) and a folder in the filing system for hardcopies, plan drafts, notes, and
a daily journal.
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2.2.2 Identify Cooperators and Agencies: Who is Involved?

The process for road development will vary depending on the location of the road, which road-
related programs and agencies are involved, and the complexity of the project. Interagency
cooperation will almost always be part of the process. You must identify the agencies
and individuals involved in the road construction project and their respective roles and
responsibilities. It is especially important to identify: 1) who is the land owning agency, 2) who
maintains the road, 3) who will be carrying out the road construction project, and 4) who is
funding the project. All agencies and individuals involved have the responsibility to abide by
rules and regulations as they work with the road.

2.2.3 Define Cooperator Processes, Timelines, and Milestones

Once you have identified the cooperators, you need to understand their processes, timelines,
and milestones so that you can be involved with the right people at the right time. The
timing, responsibilities, and, most important, processes associated with each agency will vary.
While this may seem complicated, many agencies have a procedural manual that describes
how a project is carried out from conception to completion, defining the timelines, milestones,
roles and responsibilities, terminology, and how funding works. Locate these documents and
agency manuals and use them. Initial meetings are also an ideal time to clarify these processes,
when you first begin working with agency personnel.

Each agency has certain approvals and procedural activities, including some that involve
fulfilling environmental regulations. You need to define these activities and determine how
your work fits with them. The steps in the approval process are often important milestones
for the agency, and must be understood so that you can be part of decisions while there is still
room for your input. Defining appropriate roles is essential so that you can coordinate with the
proper people, follow protocols, and avoid duplicating efforts.

Many variables affect the overall timelines from inception to construction. Timelines vary
depending on the complexity of the project, the amount of controversy involved, and the
availability of funds. Some projects take less than two years, while some can take over ten
years. In all cases, the earlier you can get involved in the process, the better opportunities you
will have to develop your plan and acquire the materials and support you need. This chapter,
Figure 2.1, the agency procedural manuals, and your contacts within agencies can help you
develop your own schedule and contact list specific to your project. Reviewing Figure 2.1 with
the assigned road project engineer and discussing milestones, timelines, procedures, budgets,
and roles is an effective approach to getting yourself oriented to the complex process of
road development.

2.2.4 Define Objectives: What is the Project Trying to Accomplish?

Once you understand the agencies and processes for each phase of the project, you need
to understand how your work relates to the overall objectives of the project. Objectives can
be found in the programming documents that originally identified the need for the project.
These objectives often center around improving safety or updating the road infrastructure.
Phase One of the planning process (See Chapter 4) describes how to identify the objectives of
the road project and translate them into specific goals for revegetation.

Environmental protection and maximizing the ability of the roadside to regenerate native
vegetation will be one goal. The revegetation specialist should be involved when disturbances
to soil and vegetation are planned. You are the key link to understanding the potential
disturbances that might be caused and how to best minimize or mitigate them. Your input can
help planners because you will know what types of disturbances can be feasibly revegetated
with native plants. If a disturbance to soil and vegetation will not allow for revegetation,
alternatives to that type of disturbance will need to be considered. Your input is crucial for
assessing potential strategies and alternatives. The project objectives also help you determine
the types of native vegetation that are most appropriate for your work. Are you working in
a wildlife corridor? Is it a scenic drive? Is it an ecologically sensitive area with more intensive
recovery needed? Are the slopes very steep?



Figure 2.1 - Coordinating revegetation with the larger processes of road construction is
essential. While the timelines and agencies involved will vary, this figure illustrates some of the
key opportunities for communication and integration.
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Recognize that safety, efficiency, and protecting and enhancing environmental health are
all important priorities in road projects. While safety concerns may at times limit what is
appropriate in roadside revegetation (e.g., tall trees along a roadside may be a desirable
choice environmentally, but not from a safety or visibility standpoint), these concerns should
not be viewed as an impediment to successfully revegetating roadsides. Instead, you simply i
need to be aware of how your revegetation work can complement safety objectives. Gain an Roadside
Revegetation

understanding of safety issues, particularly regarding visibility and the ability of drivers to
recover if they drive off the road and into the roadside area. (See discussion of how to define 15
roadside revegetation zones in Chapter 4.)
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2.3 THE PROCESS OF ROAD DEVELOPMENT

While each road agency will divide up and define tasks differently, in general the process of
road development has four stages: 1) planning and programming, 2) project development, 3)
construction, and 4) maintenance. There are many opportunities for integration at each of
these phases. For revegetation work, the implementation phase often begins well before road
construction begins (with the collection of plant materials for propagation). Revegetation efforts
continue after road construction is completed. Figure 2.1 compares the revegetation process
with the overall road development process, showing process steps where interface is crucial.

During road project development, a number of meetings will take place involving
representatives from the agencies and interests involved with the project. During the
planning phase, meetings usually take place at the preliminary, intermediate, and final stages
of the road plan. Ideally, the revegetation specialist should attend all these meetings. This
ensures that good communication takes place and that trust is built during the road planning
process. Meetings also ensure that regulations and requirements are met and that proper
channels are utilized to get the job done. During the construction phase, the construction
engineer and other key players carrying out the project will probably meet on a weekly basis.
Attending some of these meetings is valuable so you can both learn and contribute as the
project progresses. Clarify with your key contacts (such as the construction engineer) the
most appropriate times to attend meetings. Contractors, inspectors, and other stakeholders
may also be at meetings or at the field site at any given time; clarify with your key contact the
channels for you to communicate with other individuals who are involved with the project.

2.3.1 Road Planning and Programming

The process of deciding when to modify or build asection of road is often lengthy. Transportation
planners identify and prioritize functional, structural, and safety issues regarding roads.
If an issue is becoming problematic, alternatives to address it will be considered (FHWA 2005).
Once it has been determined that a road will be modified or updated, a budget and schedule
are created. At this point, the project has been “programmed” for a specific delivery year.
This process usually identifies the following:

Project purpose and need;

Roles and responsibilities of partnering agencies;

List of project alternatives established;

Primary contacts for project;

Preliminary project delivery schedule with milestones;

Collection and analysis of traffic data (accident history, average daily traffic [ADT]
volumes, etc.);

Preliminary construction cost estimate; and

Environmental concerns for the project (cultural and natural resource) and estimation
of the affected environment (WFLHD 2005 p. 8).

A revegetation specialist will probably not be involved in a project until after it is programmed,
although at times one might be called in to assess the feasibility of various alternatives.

Roadside Vegetation and Driver Safety

Greater safety for the traveling public is the primary objective of many road projects.
As the revegetation specialist, you do not want to propose vegetation strategies that might
make the roadway less safe. Integrating revegetation goals with safety goals requires an
awareness of visibility issues, wildlife interactions, and other factors. Many road developers
are interested in the concept of a “forgiving” roadside: a roadside environment that allows
a driver to recover safely if they drive off the road into the roadside. Typically there will be
a zone adjacent to the road where low grassy surfaces, or shrubs instead of trees, will be
desirable for safety reasons. The roadside distance you need to consider to make a roadside
forgiving depends on the speed limit of the highway and the traffic volume. If both of these
are high, a forgiving roadside will be a safety priority.



2.3.2 Road Project Development

The road project development process begins after the project is programmed and ends
when construction begins. Depending on environmental concerns and right-of-way issues, the
project development process may take between one and five years.

The road project development phase usually has three sub-phases. These involve developing,
analyzing, and considering approaches and alternatives to the project until a strategy and
specifications of how to best proceed are shared in the final plan. The process usually involves:

Preliminary (road construction plans 30% complete);
Intermediate (road construction plans 50%-70% complete); and

Final (road construction plans 70-100% complete, hand off to construction).

2.3.2.1 Preliminary Phase

The preliminary development phase involves collecting information and initiating contacts
with parties who are interested in or affected by the road construction (local and adjacent
landowners, resource agencies, regulatory agencies, and any other potentially affected
parties). The preliminary phase is necessary to refine purpose and need, to develop a range
of alternatives to address purpose and need, and to obtain the approvals and clearances
to allow the project to proceed. This includes commitments for environmental mitigation.
The preliminary phase takes the road construction plans to about 30% completion.
Once approvals and clearances are obtained, funds can typically be committed to continue
development of the project.

Usually the preliminary phase will include the development and identification of:

Preliminary construction plans (usually drafts about 30% complete) of the proposed
alternatives (plan/profile sheets, typical sections, major work items identified and located);

Preliminary construction cost estimates for alternatives;

Resource surveys (wetlands, archeological sites, and biological assessments);
Preliminary construction schedule;

Identification of impacts and mitigation;

Environmental approvals and selection of alternatives for implementation; and
List of contacts for the project.

For the revegetation specialist, the preliminary phase is a crucial one. This phase represents
the best opportunity for input regarding issues associated with revegetation, including
disturbances planned for existing soil and vegetation on the site. Significant features of the
preliminary revegetation plan should be incorporated during this road planning phase. By the
time of environmental approvals, the vegetative concepts and the necessary commitments of
resources and funds should be integrated with the plan, as revegetation will be an important
aspect of environmental protection and mitigation. The appropriate level of detail for the
revegetation plan during the preliminary phase depends on the project. For the revegetation
specialist, environmental guidelines may be predetermined by legislation that specifies goals
for the project regarding issues of soil stabilization, percent native vegetative cover, and
protection of water quality. The revegetation specialist must be aware of these guidelines, and
design them into the final revegetation plan. Approvals are key milestones for the revegetation
specialist regarding availability of funds to carry out site assessments and revegetation planning
work including preliminary mapping and seed collections.

2.3.2.2 Intermediate Phase

The next phase of road development moves towards 50-70% completion of the road
construction plans. This phase involves refining plans, obtaining rights-of-way and permits,
and creating detailed plans and profile sheets. The intermediate set of plans will include major
budget items and quantities, information pertaining to environmental concerns (such as
erosion control plans), and major elements such as grading, drainage, and other issues defined.
At the intermediate stage, the revegetation specialist should be far along in the development
of the revegetation plan. Mitigating measures have been identified for impacted areas and
contracts for seed and seedling production have begun. The intermediate set of road plans

Introduction

Initiation
Part |

Planning

Monitoring
& Management

Roadside
Revegetation




Introduction

Planning

Monitoring
&Management

Roadside
Revegetation

will include specifications for how the road project will be carried out. These specifications and
contract requirements are key tools for the revegetation specialist.

2.3.2.2.1 Special Contract Requirements: A Key Tool for Revegetation

In every phase of road development, there are two key components: 1) plans (drawings) and
2) specifications (contract descriptions). The plan sheets are drawings, blueprint-like visual
representations of the proposed work as described in Chapter 3. Specifications are standards,
provisions, and requirements that each agency provides to contractors or employees to carry
out the work. A “special contract requirement” is a type of specification. In general, special or
standard specifications are written descriptions of intent, preferred methodology, timing, and
standards for accomplishing the work. Standard specifications are uniformly carried out for
most projects. Special requirements address context-sensitive concerns for a particular project.
Special contract requirements are modifications of existing specifications found within the
agency manual, or newly written specifications that are designed to address special concerns
not adequately addressed in the standard contract specifications. For example, a standard
specification may exist for chipping woody debris; however, the standard specification does
not address size requirements of the chipped material. On your project, you may require a
uniform size of material that should be shredded and screened, rather than chipped, to create
optimal mulch for the project. To meet this requirement, you can create a specification about
required size (such as three inches or less in diameter) and processing needs (such as shredded
and screened rather than chipped). Careful research is often needed to adequately develop and
describe a special contract requirement, but it is essential in order to achieve the desired results
in the field. In the future, generically applicable special contract requirements may become
adopted as standard requirements if they come to be utilized on most projects.

Special contractrequirementsare animportant tool for revegetation specialists tocommunicate
special expectations with contractors and to set standards for performance. You can specify
to contractors what the requirements are, and how requirements might be met, measured,
and paid for. Special contract requirements will be part of the contract, not an afterthought.
By the intermediate phase, attention should have been given to modifying or creating contract

Example of an Environmental Regulation Requirement
“Final Stabilization” Regulation (adapted from EPA 2006)

“Final stabilization” means that all soil disturbing activities at the site have been completed
and that a uniform perennial vegetative cover with a density of at least 70% of the native
background vegetative coverforthe areahas been established on allunpaved areas and areas
not covered by permanent structures, or equivalent permanent stabilization measures.

“Final Stabilization” (adapted from EPA 2006) means that:

1) All soil disturbing activities at the site have been completed and either of the two
following criteria are met:

a) auniform (i.e, evenly distributed, without large bare areas) perennial vegetative cover
with a density of 70% of the native background vegetative cover for the area has been
established on all unpaved areas and areas not covered by permanent structures, or

b) equivalent permanent stabilization measures (such as the use of riprap, gabions, or
geotextiles) have been employed.

2) When background native vegetation will cover less than 100% of the ground (e.g., arid
areas, beaches), the 70% coverage criteria is adjusted as follows: if the native vegetation
covers 50% of the ground, 70% of 50% (0.70 X 0.50 = 0.35) would require 35% total
cover for final stabilization. On a beach with no natural vegetation, no stabilization
is required.

3) In arid and semi-arid areas only, all soil disturbing activities at the site have been
completed and both of the following criteria have been met:

a) Temporary erosion control measures (e.g.,degradable rolled erosion control product)
are selected, designed, and installed along with an appropriate seed base to provide
erosion control for at least three years without active maintenance, and

b) The temporary erosion control measures are selected, designed, and installed to
achieve 70% vegetative coverage within three years.



requirements to meet the revegetation needs of the project. When specifications are not
available for what you are trying to achieve, you need to be able to describe the work in terms
of where, when, what needs to happen. Special contract requirements are included in the final
contract for the road construction project.

2.3.2.3 Final Phase

The final set of road plans will include the design elements of the Revegetation Plan, as well as all
the details for road construction. Plan sheets and contract specifications will be fully developed.
Final cost estimates will be provided along with a comprehensive schedule. The work of the
revegetation specialist in developing the revegetation plan, as well as efforts to reduce the
construction footprint and protect native vegetation on the project site, will be an integral part
of the road construction plan. At this point, finalizing the revegetation plan will be necessary. It is
also time to coordinate with contractors and agencies in order to time availability of plants with
outplanting windows.

2.3.3 Construction

Following project development, the construction phase begins. Road construction can
take one to three years. Sometimes there is a formal milestone when the project is handed
off to construction personnel. If so, the construction engineer becomes an essential contact
for the revegetation specialist, who may attend some of the weekly meetings that will take
place during road construction. The construction phase of a road is completed when there is
a formal acceptance of the road by the road owning agency. For the revegetation specialist,
implementation and monitoring phases of revegetation may begin before road construction
(with ordering plant materials, etc.) and continue following completion of construction.

2.3.4 Maintenance

Following construction of the road, the work of the revegetation specialist will usually continue
for an additional one to three years until the revegetation is fully implemented. Also, the
activities centered on monitoring and adaptive management of the establishing vegetation
will continue to take place. These types of activities may continue for up to five years after the
road construction is complete. The submission of a final monitoring report is the milestone
marking the end of the revegetation specialist’s efforts on the project. Coordination with the
road owning agency and the individuals who carry out road maintenance will be essential to
ensure that native vegetation continues to thrive on the site. For example, the agency taking
ownership, often the county, could have maintenance methods that may ultimately undo
portions of the revegetation, such as blanket herbicide use as standard practice along roadsides.
It is essential to check what maintenance methods are utilized and to coordinate efforts to
ensure that management is appropriate for the native vegetation. The transportation agencies
will continue to monitor the road to ensure that the problem that led to the road modification
(infrastructure decay, safety issues, etc.) was adequately addressed by the project.

2.4 NEXT STEPS

Effective integration of revegetation requires an understanding of the key agencies, programs,
and relationships involved, as well as how decision processes work to move a road project
forward. Successful navigation of the decision processes requires not only technical skills, but
an ability to cultivate relationships and get involved at the appropriate times and with the
appropriate people.Road construction, alteration, ordecommissioning involves a variety of land
management agencies, programs, and regulations. Understanding the procedures, timelines,
and organizational structure of the agencies involved in a road project is essential in order for
the revegetation specialist to contribute effectively throughout the process of road planning
and construction. Attending meetings and coordinating with key contacts within agencies
are important tasks. The revegetation specialist is usually involved at the beginning when the
project is programmed, and continuing through and following construction. It is important
to note (as illustrated on the timeline) that the implementation phase of revegetation begins
while the overall project development process is still underway. Waiting until construction
begins is not feasible because locally-adapted native plant materials almost always must be
propagated in advance. The next step is to acquire the engineering plans for the road and to
begin designing for revegetation.
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3 INITIATION PART TWO: ROAD PLANS AND TERMINOLOGY

3.1INTRODUCTION

Road construction often results in the drastic alteration of the surrounding landscape. In order
to define what these alterations will be and how to best plan revegetation, you need to be able
to interpret road construction plans and terminology. This will enable you to define the current
site conditions and to visualize the future condition of the site following road construction.
This chapter explains how to read and interpret:

Plan views,

Profile views,
Cross-section views,
Typical views, and

Summary of quantities tables.

The chapter then explains how to use these engineering views for revegetation planning,
including determining the vegetation zones that begin where the pavement ends. A glossary
with illustrations is provided in order to understand technical concepts and terminology for
effective communication with others involved in road design and construction.

3.2 READING PLANS

The plan consists of construction drawings and specifications for each section of road. The four
most common views of plans for the revegetation specialist are plan views, cross-section
views, profile views, and typical views. Each of these is defined in Table 3.1. Examples and
guides for interpreting each of these views are provided below. Each engineering plan you
receive will include a legend defining both abbreviations and symbols used throughout; learn
to read these. Another invaluable component of the engineering plan is the tabulation of plan
quantities table.

Table 3.1 - Definitions of Views (Keller and Sherar 2003)

Plan View A drawing depicting a section of the road from a bird’s eye view.

Profile View A drawing depicting the vertical plane along the longitudinal centerline
of the road, expressed in elevation or gradient.

Cross-section A drawing depicting a section of the road viewed vertically, as if cut across
View the width of the road.
Typical View A drawing depicting features of a particular design, installation,

construction or methodology.

3.2.1 Plan View

The plan view shows the existing and proposed road locations from a bird’s eye view.
The proposed road is usually designated with solid lines (Figure 3.1 A). The solid centerline
(of the road to be constructed) is divided into 100 meter sections (large ticks), with 20 meter
subdivisions also designated (small ticks — not shown). Each 20 meter division is called a station,
representing a discrete, surveyed, and identifiable point within the road corridor. Each station
is identified with a unique number that indicates its distance from the beginning of the project.
For example, the station 19+000 indicates this point is 19,000 meters from the start of the
project; 19+040 meters indicates this point is 19,040 meters from the start. This short-hand
identifier is also used to indicate the placement of road-related infrastructure, such as culverts,
the beginning and end of guard-rail construction, or the placement of a sign. In the field,
stations are identifiable as vertically aligned numbers written on wooden stakes and driven
into the ground, facing the roadway. Not only do the stations provide locations, they help to
locate revegetation units. The plans also show the top of the cut slope (Figure 3.1 B, dotted



Figure 3.1 - Example plan view.
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line), bottom of the fill slopes (Figure 3.1 C, dashed lines), and the location of the original road
(Figure 3.1 D, shaded area). In this example, the original road will be obliterated.

3.2.2 Profile View

The profile view is a trace of a vertical plane intersecting a particular surface of the proposed
road construction (Figure 3.2 E). It corresponds to the longitudinal centerline of the road bed
in the plans. Profile grade means either elevation or gradient of the trace, depending on the
context. The trace of the existing road is shown as a dashed line (Figure 3.2 F) and a dotted line
(Figure 3.2 G). A vertical scale provides useful information about the profile of construction
grades throughout the project. This view shows where the proposed road will be lower than
the existing road (Figure 3.2 H) and areas where it will be higher (Figure 3.2 I). Where the
planned road is lower, material will usually be removed and used in areas needing fill. Additional
information is often displayed adjacent to and locatable by the station numbers, such as
volumes of excavation and embankment work, guard-rail placement, or wall placements.

3.2.3 Cross-Section View

Cross-sections are views of the slopes perpendicular to the direction of the road. They display
a vertical section of the ground or structure at right angles to the centerline or baseline of
the roadway. Depending on the length and topographic complexity of the road, there can be
hundreds of cross-sections. Each cross-section is referenced back to a station. For example, the
cross-section shown in Figure 3.3A depicts the slope at Station 18+940. It shows the proposed
road (Figure 3.3 J), and the natural ground line as a dotted line (Figure 3.3 K). This section will
have material broughtin and placed as fill (Figure 3.3 L). The cross-section in Figure 3.3B shows
a through cut at 19+000. Material will be removed from the natural ground line (Figure 3.3 K) to
the proposed ground line - solid line (Figure 3.3 M).

Cross-section and plan views are used together to view the proposed road three-dimensionally.
From these views, a more detailed revegetation plan can be developed. Each cross-section
can be reviewed and a set of revegetation criteria can be developed for similar cross-sections
throughout the project.

Figure 3.2 - Example profile view.
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Cross-sections provide the revegetation specialista means to determine slope steepness. Cross-
sections show the proposed slope gradients for cut and fill slopes. Slope notation is expressed
as vertical over horizontal (vertical:horizontal). When slopes are flatter than 1:1 (45° or 100%), the
slope is expressed as the ratio of one unit vertical to the number of units horizontal. For slopes
steeper than 1:1, the slope ratio is expressed as number of units vertical to one unit horizontal.
To avoid confusion, it is wise to notate the ratio by indicating the vertical and horizontal, for
example 1V:2H, and to think in terms of rise over run (See Section 5.6.6.1).

3.2.4 Typical Views

Typical views graphically illustrate the design or construction details of the structures or other
components that will be encountered in the road project. They can cover such structures as
retaining walls, road surfaces, guardrails, ditch lines, plant installation, etc. They may be shown
in profile, cross-section, or plan views. Like special contract requirements (See Chapter 2),
typical views are useful in helping communicate a new or modified approach to an existing
methodology or construction technique. The two example typical views in Figure 3.4 are
related to plant placement and installation.

3.2.5 Summary of Quantities Table

Tabulation of plan quantities list quantities, types of materials, and performance specifications.
For example, when working on federal or state projects, standardized specifications for
construction are invaluable. The FHWA handbook: Standard Specifications for Construction of
Roads and Bridges on Federal Highway Projects, is cited as “FP-03,” indicating “Federal Project”
Standard Specifications issued in 2003. The state departments of transportation have
analogous manuals as well. Tabulation of plan quantities references not only the particular
item specification number in the FP manual, but also the station number(s) of the planned
work. Information of interest for the revegetation specialist includes the number of hectares of
clearing and grubbing, hectares of obliterated roads listed by station, and the number of cubic
meters of wood mulch to be produced. The summary of quantities table provides a single table
summarizing all tabulation of plan quantity tables located throughout the plan. It generally
does not include station numbers. Learn how to locate and read these tables.



Figure 3.4A - Example typical view. /
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3.3 INTERPRETING ENGINEERING VIEWS FOR REVEGETATION PLANNING

Road construction, management, and safety concerns result in distinct revegetation zones
along roadsides. Properly interpreting plans helps define where these zones may be and
what types of vegetation may be established. While the sizes and characteristics will vary, the
zones which parallel the road can be grouped into four categories. Zone 1 begins immediately
adjacent to the road surface (black top) and includes the road shoulder (compacted gravel,
coarse subsoil, etc.), the bottom of the drainage ditch, and portions of cut and fill slopes. This
first zone is generally considered to be up to 10 feet (3 meters) from the pavement edge and
is often barren of vegetation due in part to herbicide application, road salts, frequent ditch
cleaning, and/or mowing. Prior to revegetating Zone 1, determine how close local, state, and
federal road managing agencies will allow vegetation to be established next to the road.
Zone 2 begins at roughly 10 feet (3 meters) from the pavement edge and continues laterally
to about 30 feet (10 meters). This zone may begin at the ditch bottom or at some point on a
cut or fill slope, and may continue to the limit of the construction zone. Within Zone 2, grasses
and forbs can thrive, but larger forbs, shrubs, and trees usually are not planted or encouraged
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due to safety, maintenance, and visibility issues. Beyond 30 to 50 feet (about 10 to 16 meters)
from the pavement edge, Zone 3 begins in which larger forbs and shrubs can be planted. Past
about 75 feet (25 meters) from the pavement edge, Zone 4 begins with largely unrestricted
revegetation potential. Understanding these zones is necessary to coordinate revegetation
with road management practices and safety considerations (Forman and others 2003).

To define the zones and begin to interpret engineering plans for revegetation work, information
from plan sheets and quantity tabulations is applied to the plan map as shown in Figure 3.5A.
Each area can be considered a revegetation unit or subunit. An estimate of the area in each
of these units can be calculated and used in determining how many seedlings or pounds of
seeds will be needed. These criteria can be graphically displayed on a typical cross-section
(Figure 3.5B). On this cross-section, the criteria can be expressed as follows: from 7 to 19 m,
grasses/forbs will be hydroseeded; from 19 to 31 m, shrubs will be planted; and on obliterated
roads, trees will be planted. The slopes given in cross-sections can help define the types of
revegetation methods available.

3.4 UNDERSTANDING TECHNICAL CONCEPTS AND TERMINOLOGY

The ability to understand and utilize the technical concepts and terminology thatroad engineers
use is essential to revegetation planning. Not only is this invaluable in understanding what is
happening on the projectsite, butitis necessary in order to describe where revegetation efforts
will be carried out. The section below introduces key technical concepts and terminology.

3.5 NEXT STEPS

The ability to read and understand construction plans and utilize road-related terminology
will be helpful in all aspects of roadside revegetation. This ability enables the revegetation
specialist to contribute effectively to road design and construction processes, as well as to
communicate revegetation needs and goals to others involved with the project. Following the
initiation phase is the four-step planning phase to create a revegetation plan.

Figure 3.5A - Interpretation of plan view showing revegetation zones.
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Figure 3.5B - Cross-section showing revegetation zones as interpreted from
engineering plans.
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Berm - A ridge of rock, soil, or asphalt, typically along the outside edge of the road shoulder,
used to control surface water. It directs surface runoff to specific locations where water can
be removed from the road surface without causing erosion.
Buttress — A structure designed to resist lateral forces. It is typically constructed of large
riprap rock, gabions, or well-drained soil to support the toe of a slope in an unstable area.
Cross-Section - A drawing depicting a section of the road sliced across the whole width of
the road. Can also apply to a stream, slope, or slide.
Cut Slope (Back Slope or Cut Bank) - The artificial face or slope cut into soil or rockalong Roadside
the inside edge of the road. Revegetation
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Cut-and-fill - A method of road construction in which a road is built by cutting into the
hillside and spreading the spoil materials in adjacent low spots and as compacted or side-cast
fill slope material along the route. A “balanced cut-and-fill” utilizes all of the “cut” material
to generate the “fill.” In a balanced cut-and-fill design there is no excess waste material and
there is no need for hauling additional fill material. Thus cost is minimized.

Ditch (Side Drain) - A channel or shallow canal along the road intended to collect water
from the road and adjacent land for transport to a suitable point of disposal. It is commonly
along the inside edge of the road. It also can be along the outside edge or along both sides
of the road.

End Haul - The removal and transportation of excavated material off-site to a stable waste
area (rather than placing the fill material near the location of excavation).

Fill Slope (Embankment Slope) - The inclined slope extending from the outside edge
of the road shoulder to the toe (bottom) of the fill. This is the surface formed when
excavated material is placed on a prepared ground surface to construct the road subgrade
and roadbed template.

Grade (Gradient) — The slope of the road along its alignment. This slope is expressed
as a percentage and is the ratio of elevation change compared to distance traveled. For
example, a +4% grade indicates a gain of 4 units of measure in elevation for every 100 units
of measure traveled.

Natural Ground (Original Ground Level) - The natural ground surface of the terrain that
existed prior to disturbance and/or road construction.

Plan View (Map View) - View seen when looking from the sky towards the ground
(bird’s-eye view).

Reinforced Fill - A fill that has been provided with tensile reinforcement through frictional
contact with the surrounding soil for the purpose of greater stability and load carrying
capacity. Reinforced fills are comprised of soil or rock material placed in layers with reinforcing
elements to form slopes, walls, embankments, dams, or other structures. The reinforcing
elements range from simple vegetation to specialized products such as steel strips, steel
grids, polymeric geogrids, and geotextiles.

Retaining Structure - A structure designed to resist the lateral displacement of soil, water,
or any other type of material. It is commonly used to support a roadway or gain road width
on steep terrain. They are often constructed of gabions, reinforced concrete, timber cribs, or
mechanically-stabilized earth.

Right-of-Way (ROW) - The strip of land over which facilities such as roads, railroads, or
power lines are built. Legally, it is an easement that grants the right to pass over the land
of another.

Road Center Line - An imaginary line that runs longitudinally along the center of the road.

Roadbed - Width of the road used by vehicles, including the shoulders, measured at the
top of subgrade.

Roadway (Construction Limits or Formation Width) - Total horizontal width of land affected
by the construction of the road, from the top of cut slope to the toe of fill or graded area.

Side-Cast Fill - Excavated material pushed on a prepared or unprepared slope next to the
excavation to construct the roadbed. The material is usually not compacted.

Shoulder - The paved or unpaved strip along the edge of the traveled way of the road.
An inside shoulder is adjacent to the cut slope. An outside shoulder is adjacent to an
embankment slope.

Traveled Way (Carriageway) — That portion of the road constructed for use by moving
vehicles including traffic lanes and turnouts (excluding shoulders).

Through Cut - A road cut through a hill slope or, more commonly, a ridge, in which there is
a cut slope on both sides of the road.

Through Fill - Opposite of a through cut, a through fill is a segment of road that is entirely
composed of fill material, with fill slopes on both sides of the road.



Road Structural Section and Materials

Borrow Pit (Borrow Site) — An area where excavation takes place to produce materials for
earthwork, such as a fill material for embankments. It is typically a small area used to mine
sand, gravel, rock, or soil without further processing.

Quarry - A site where stone, riprap, aggregate, and other construction materials are
extracted. The material often has to be excavated with ripping or blasting, and the material
typically needs to be processed by crushing or screening to produce the desired gradation
of aggregate.

Surface Drainage

Armor - Rocks or other material placed on headwalls, on soil, or in ditches to prevent water
from eroding and undercutting or scouring the soil.

Drainage Structure - A structure installed to control, divert, or move water off or across a
road, including but not limited to culverts, bridges, ditch drains, fords, and rolling dips.

French Drain (Underdrain) - A buried trench, filled with coarse aggregate, and typically
placed in the ditch line along the road, which acts to drain subsurface water from a wet area
and discharge it to a safe and stable location. French drains may use variable sizes of rock
but do not have a drain pipe in the bottom of the trench.

Inslope - The inside cross-slope of a road subgrade or surface, typically expressed as a
percentage. Inslope is used to facilitate the draining of water from a road surface to an inside
ditch. An insloped road has the highest point on the outside edge of the road and slopes
downward to the ditch at the toe of the cut slope, along the inside edge of road.

Outslope - The outside cross-slope of a road subgrade or surface, typically expressed as a
percentage. Outslope is used to facilitate the draining of water from a road directly off the
outside edge of the road. An outsloped road has the highest point on the uphill or inside of
the road and slopes down to the outside edge of the road and the fill slope.

Riprap - Well-graded, durable, large rock, ideally with fractured surfaces, sized to resist
scour or movement by water and installed to prevent erosion of native soil material.

Culverts and Drainage Crossings

Catch Basin - The excavated or constructed basin at the inlet of a culvert cross-drain pipe,
used to store water and direct it into the culvert pipe.

Culvert - A drainage pipe, usually made of metal, concrete, or plastic, set beneath the road
surface to move water from the inside of the road to the outside of the road, or under the
road. Culverts are used to drain ditches, springs, and streams that cross the road. The invert
is the floor or the bottom of the structure at its entrance.

Figure 3.8 - Culvert components.

Hinseibumall writhy s |=—— Rosrd Width ——=|

Introduction

Initiation
Partll

Planning

Monitoring
& Management

Roadside
Revegetation




Introduction

Planning

Monitoring
& Management

Roadside
Revegetation

Headwall - A concrete, gabion, masonry, or timber wall built around the inlet or outlet of
a drainage pipe or structure to increase inlet flow capacity, reduce risk of debris damage,
retain the fill material, and minimize scour around the structure.

Inlet - The opening in a drainage structure or pipe where the water first enters the structure.

Outlet - The opening in a drainage structure or pipe where the water leaves the structure.
The outlet is usually lower than the inlet to ensure that water flows through the structure.

Miscellaneous Terms

Angle of Repose - The maximum slope or angle at which a granular material, such as loose
rock or soil, will stand and remain stable.

Gabions - Baskets (usually made of wire) filled with rocks (or broken pieces of concrete)
about 10-20 cm in size, used for building erosion control structures, weirs, bank protection,
or retaining structures.

Road Decommissioning - Permanently closing a road through techniques that include
blocking the entrance, scattering limbs and brush on the roadbed, replanting vegetation,
adding waterbars, removing fills and culverts, or reestablishing natural drainage patterns.
The basic road shape, or template, is still in place. The end result is to terminate the function
of the road and mitigate the adverse environmental impacts of the road.

Road Obliteration - A form of road closure that refills cut areas, removes fills and drainage
structures, restores natural contours, revegetates the area, and ultimately attempts to
restore the natural ground shape and condition. Most adverse environmental impacts of
the road are eliminated.

Silt Fence - A temporary barrier used to intercept sediment-laden runoff from slopes. It is
typically made of porous geotextile material.

Streamside Management Zone (SMZ) - The land, together with the associated vegetation,
immediately in contact with the stream and sufficiently close to have a major influence on
the total ecological character and function of the stream. It is a buffer area along a stream
where activities are limited or prohibited.

Figure 3.9 - Terms used to describe road slopes.
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4 PLANNING PHASE ONE: ORIENT Introduction
4.1INTRODUCTION Initiation
Careful planning is essential to the success of any roadside revegetation project. In this phase, Planning

the revegetation specialist will be oriented to the specifics of the project, and will perform the Phase I: Orient

following tasks: Implementation

Determine revegetation objectives,

Monitoring
& Management

Define revegetation units,
Select reference sites, and
Define the desired future condition.

It is important to first define the overall project objectives and translate them into what this
will mean for revegetating the site. The objectives of revegetation are usually to initiate and/
or accelerate the process of natural succession along the roadside and establish native plant
communities that can sustain themselves without intensive, ongoing human intervention
(Brown and Amacher 1999; SER 2004). Revegetation objectives are usually stated in broad,
general terms addressing revegetation, soil stabilization, beautification, and other goals.

Once overall project and revegetation objectives are defined, the second step is orientation to
the project site. The site should be mapped and revegetation units delineated. Revegetation
units are distinct areas within the project that will have different management strategies.
A project consisting of sites with little variation in topography, soils, vegetation types, rainfall,
and so on may comprise a single revegetation unit. Most project sites, however, contain
different soils, climate, and vegetation types, requiring the delineation of a number of distinct
revegetation units.

The third step is to identify reference sites for each of the revegetation units. Reference sites
serve as models for revegetation planning, and later for monitoring and evaluating project
success (SER 2004). Reference sites are natural or revegetated areas that demonstrate a
desirable trajectory of recovery. For roadside revegetation purposes, suitable reference
sites have undergone some disturbance, but have revegetated over time with functioning
communities of native plants. Reference sites illustrate desirable developmental pathways for
the revegetation units.

Table 4.1 - Phase one of planning involves four steps.

Activity

Step 1. Determine
project objectives

Step 2. Define and
map revegetation
units

Step 3. Select
reference sites for
each revegetation
unit

Definition

Describe the general purpose and goals of the project as determined
by societal, ecological, and transportation needs; environmental
regulations; and other factors.

Classify areas within the project site that are similar enough to be
appropriate for similar strategies and treatments. Homogenous sites
will have only a few units; sites with greater diversity (different soil
types, microclimates, vegetation types, management needs, etc.) will
have more revegetation units. Each unit should be distinct in terms
of ecology, management requirements, or both.

Locate natural or revegetated areas that will serve as models for
desirable recovery of native plant communities. One or more
reference sites are identified for each revegetation unit in the project
area.

Step 4. Specify Create specific, measurable goals for each revegetation unit, usually Roadside
desired future defined in terms of the percentage of vegetative cover, ground cover, Revegetation
conditions for each species composition, and so on. 29

revegetation unit
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The fourth and final step is to define the desired future conditions (DFCs) for each revegetation
unit. Incorporating information from reference sites and other data, DFCs specify guidelines
(percentage of vegetative cover, plant species, etc.) appropriate for each revegetation unit in
the project area.

4.2 STEP ONE — DEFINE REVEGETATION OBJECTIVES

Overall project objectives drive the modification and construction of roads. As discussed in
Chapter 2, the project objectives usually involve goals of improving safety and efficiency,
as well as environmental health. Overall project objectives are translated into revegetation
objectives. Revegetation objectives are the foundation of all revegetation efforts. Itisimportant
to develop a clear set of revegetation objectives early in the planning phase. When these
objectives are understood and expectations are clear, the development and implementation
of a revegetation plan is easier and more successful. Most roadside revegetation projects
share the common objective of initiating and/or accelerating the process of natural succession
near the roadside in order to establish self-sustaining native plant communities (Brown and
Amacher 1999; Clewell and others 2005). This objective usually reflects larger project goals,
stated in terms of protecting soil and water resources, enhancing beauty, and improving safety
and function while protecting environmental health. Later in the planning process, these
general objectives will be pursued through specific goals (stated as DFCs) that can be used to
evaluate the revegetation project. Table 4.2 defines some terms commonly used in defining
revegetation objectives. Clarifying whether the overall goal is reclamation or restoration, for
example, is an essential distinction for defining revegetation objectives.

Table 4.3 illustrates some of the most common road-related revegetation objectives as they
relate to societal goals. Most revegetation projects state several objectives to address both
short-term and long-term outcomes. For example, short-term, immediate revegetation
objectives on most projectsinclude erosion control and water quality protection through mulch
and vegetative cover. Long-term revegetation objectives might include exclusion of invasive
weeds, visual enhancement, and establishment of healthy native plant communities through
soil restoration. While short-term objectives might rely on quick-growing ground covers such
as grasses and forbs, long-term objectives are often broadened to include such revegetation
treatments as planting deep-rooted tree and shrub seedlings to stabilize roadsides, creating
visual screens, and/or supporting sustained plant community development.

Revegetation objectives are often developed by the revegetation specialist and design team
and are supported by, orintegrated with, publicdocuments such as Environmental Assessments
or Environmental Impact Statements. The objectives sometimes originate from a state or
federal agency, motivated by environmental concerns and regulations regarding water quality,
erosion control, and vegetation establishment. At this stage, revegetation objectives will be
broad and general. As the project evolves, objectives are translated into more precise and

Table 4.2 - Terms Used in Defining Revegetation Objectives (adapted from Allen and others 1997).

Revegetation The goal is to reestablish vegetation on a disturbed site. This is a general
term that may refer to restoration, reclamation, and rehabilitation.

Restoration Thisistherecreation of the structure and function of the plant community
identical to that which existed before disturbance. Restoration’s goal
is conservation, with the intention of maximizing biodiversity and
functioning.

Reclamation This is the recreation of a site that is designed to be habitable for the
same or similar species that existed prior to disturbance. Reclamation
differs from restoration in that species diversity is lower and projects do
not recreate identical structure and function to that before disturbance.
However, a goal of long term stability with minimum input is implied.

Rehabilitation This process creates alternative ecosystems that have a different
structure and function from the pre-disturbance community, such as a
park, pasture, or silvicultural planting.



Table 4.3 - Common Road Revegetation Objectives.

Revegetation Function of Native Plants
Objective
Erosion Control Controlling surface erosion and thereby protecting soil and water

quality is a high priority on road construction projects. Native
grasses, forbs, and other herbaceous plants can help meet this
challenge, particularly when they are accompanied by appropriate
mulching treatments. Deep-rooted native trees and shrubs can also
enhance stability of cut and fill slopes.

Visual Vegetation is often used to enhance the aesthetic experience of the

Enhancement traveler. Wildflowers add beauty in spring; deciduous trees change
color in fall; and evergreen species stay green all year. Vegetation
can also be used to hide structures such as gabion walls or slopes
covered by riprap.

Weed Control Roadsides can be corridors for the transport and establishment of
noxious or invasive weed species. Once established, weeds are hard
to eradicate and become seed sources for further encroachment.
Revegetating with desirable native species minimizes opportunities
for problem species to establish.

Wildlife Protection ~ Many roads intercept animal corridors. Techniques to make roads
more permeable to wildlife (often via under- or over-passes) are
being developed. The revegetation specialist can help by minimizing
dangerous interactions between vehicles and wildlife. The presence
of birds and small animals can be enhanced when appropriate plant
species are reestablished.

Cost Management Advanced planning, an integrated approach, and the use of
appropriate stocktypes and equipment all facilitate successful and
cost-effective revegetation.

measurable goals (DFCs). After the installation is complete, DFCs and revegetation objectives
will be utilized in monitoring, evaluating, and managing the project.

4.3 STEP TWO — DEFINE AND MAP REVEGETATION UNITS

The revegetation plan must include a map of the project area that displays the management
areas, or revegetation units, where the various revegetation treatments will be applied.
As the name implies, revegetation units are relatively homogenous areas that will receive
similar treatments. Revegetation units are delineated management areas that represent the
integration of similar site factors, such as soil, vegetation, and climate that will affect the
revegetation potential of a site. Usually the revegetation units are based on site similarities.
Projects containing different ecological zones or in complex geologic terrain might have many
revegetation units, while projects on more homogeneous sites may have only one or two
revegetation units. Revegetation units also represent areas of similar revegetation objectives.
If, for example, there are distinctly different road objectives (beautification objectives on one
area versus erosion control objectives on another), a revegetation unit might be split into two
revegetation units. Although the two revegetation units are similar from a soils and climate
standpoint, they must be treated differently due to management considerations.
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Examples of Defining Revegetation Units

1) Example One (Rock type): The site survey combined with pre-field map research
revealed that a planned road corridor crossed two very distinct soil types, one of soils
formed from granite and another formed from sedimentary bedrock. Because plant growth
will respond differently to these distinct soils, they represent two revegetation units.

2) Example Two (Climate): The road begins in a valley bottom, where the vegetation
consists of moisture-loving species, and rises out of the valley to a side slope with species
that thrive in hot, dry conditions. The vegetation change represents a significant change in
microclimate; therefore, two different revegetation units were created.

3) Example Three (Aspect): The road cut creates a throughcut with steep south- and
north-facing slopes. Because the vegetation capable of establishing on either aspect is
quite different, they are delineated as separate revegetation units.

4) Example Four (Landform): A proposed road crosses a flat glacial bottom and then
climbs the side of a steep glacial slope. Two revegetation units would be defined by the
associated landform.

4.3.1 Mapping

The revegetation unit map is developed by first conducting a pre-field evaluation of soil and
vegetation using available information, including:

Road plans, including cross-sections and plan views for road construction;
Vegetation maps, plant association guides, and literature about the area;
Climate data and information; and

Soils maps, such as USDA Natural Resources Conservation Service (NRCS) soil surveys
and USDA Forest Service Soil Resource Inventory.

Pre-field research draws from existing site information and maps as much as possible. Print out
all available maps that cover the road construction area. Soil and vegetation maps will delineate
soil types and plant communities, and this information should be sketched or overlaid onto
the road plans. Often the boundaries of soil types and plant communities will align, revealing
distinct ecological areas within the project site. These mapping units form the preliminary
designation of revegetation units.

Maps and other descriptive information about the project site can be obtained from a number
of state and federal agencies. For example, on USDA Forest Service lands, vegetation maps can
usually be found within the Forest Service GIS system. Existing and potential vegetation are
often available as layers, and can be provided by the district silviculturist. There may also be
some broadscale plant classifications and mapping units that have been done by the ecology
group within the agency. For some areas, a Terrestrial Ecological Unit Inventory (TEUI) may be
available on the internet. TEUI is a land survey system administered by the Forest Service that
provides baseline ecosystem information on soils and vegetation to revegetation specialists
and other land use planners.

4.3.2 Climate Information

Climate plays a dominant role in the success or failure of the revegetation effort. Knowledge of
climate factors can help delineate the appropriate revegetation units and develop achievable
DFCs. In later phases of the planning process, climate data will be utilized to determine
appropriate revegetation treatments.

Obtaining climate records from a variety of sources is the first step in conducting a climate
assessment. Climate records for the western United States can be located at the Western
Regional Climate Center website http://www.wrcc.dri.edu. This website contains the climate
summaries for over 2800 climate stations (Figure 4.1). Clicking on the weather station will
display data for each year the station has operated. Information can also be obtained from
automated weather stations, called SNOTEL stations, that have been installed in remote areas
to fill in weather information gaps. The records for these sites are located at the same website.
While SNOTEL stations lack some of the reliability of staffed stations (remote stations can break



Figure 4.1 - Average monthly temperatures and precipitation can be obtained from internet
sources such as the Western Regional Climate Center http://www.wrcc.dri.edu. The data from
these stations can be extrapolated to the project site.
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down in the winter and not be fixed until spring) and cover fewer years of data collection,
the data is usually sufficient for understanding the local climate of the project site. For many
construction projects, a local weather station will not exist. In these cases, data from the nearest
weather stations can be extrapolated to the project site. A computer model for extrapolating
weather station data to a project site is located on the Forest Service WEPP erosion model
website http://forest. moscowfsl.wsu.edu/fswepp under the heading Rock: Clime. This model
allows the user to modify a base weather station on known parameters of the project site, such
as elevation and site location.

4.3.3 Soils

Many counties in the United States have soils maps either completed or in the process of
completion. These maps have been developed by the NRCS, and are available at the website
http://soils.usda.gov/. This website contains over 200 soil surveys covering large portions of
the western United States. If a soil survey is available for the project site, all soils maps covering
the road construction area should be printed. Most soil survey websites will have the option
to place a topographic map or orthographic photo as a base to a soils map (Figure 4.2B). Soils
maps are a composite of soil mapping units with a number or letter within each unit. These
alphanumeric codes correspond to a mapping unit narrative that can be found in the text
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associated with the survey. Locate the narrative for each of the mapping units transected by
the road project. The narratives describe a typical soil profile, list the native vegetation, define
the land uses for the soil, and summarize soil characteristics, such as water-holding capacity,
permeability rates, pH, and soil depth. Most lands administered by the USDA Forest Service will
have separate soils reports in addition to, or in lieu of, the NRCS soils report. These reports are
often referred to as a Soil Resource Inventory (SRI) report, and can be obtained at the Forest
Service district office.

4.3.4 Site Survey

While information from published surveys, maps, or resource inventories is useful, it often does
not provide the detail needed for defining and mapping revegetation units. A detailed survey
of the project area will verify that preliminary revegetation unit mapping matches the realities
in the field. A site survey is usually carried out after the preliminary road location has been
staked on the ground. The road location stakes are useful points for collecting site information
because they have been surveyed and located on a preliminary road plan, and can therefore be
easily referenced throughout the life of the project.

Your site survey should locate, verify, and refine the boundaries of the revegetation units on
the ground. Walking the site with maps in hand is key to accurately defining revegetation
units. When several resource specialists are involved in collecting site information, they should
integrate their survey information to delineate the revegetation units.

After completing your walk-through, it is important to sit down with the highway project maps,
pre-field, and field information. As you examine the information collected on soils, climate,
and vegetation, the boundaries of revegetation units will probably seem clear. Areas with
similar soils, climate, microclimates, and plant communities will be one unit. Management
considerations may require that ecologically homogenous units be divided into several units if
there are different management goals. Revegetation units should now be sketched onto your
project map.

Roadside ecological zones must also be considered when delineating revegetation units (See
Chapter 3). Discussing long term objectives with those responsible for road maintenance and
engaging in field surveys will help define these zones. Understanding the zones and their
corresponding vegetation is necessary to define revegetation units and set appropriate DFCs
aligned with road management practices. Otherwise, you may be attempting to establish
species that have no chance to survive due to roadside management practices, or you may
underinvest in potential plant communities further out from the road margin that areimportant
for healthier roadside ecology.

4.4 STEP THREE — LOCATE AND DESCRIBE REFERENCE SITES

Reference sites provide a reference, or natural model, for possible vegetation outcomes and are
important for defining DFCs, as well as later monitoring and evaluation of the project following
implementation (SER 2004).

Each revegetation unit should have at least one corresponding reference site that models some
aspectof the DFC. The reference site shows how a revegetation unit might recover from disturbances
atdifferent pointsin time after road construction. Reference sites can be considered as a snapshot, or
series of snapshots, of possible future outcomes. They demonstrate a point in time along a desirable
developmental trajectory of a plant community. Using reference sites to understand the possible
vegetative outcomes after disturbances will help the revegetation specialist develop realistic
expectations and provide a guide to the development of appropriate revegetation strategies. The
revegetation specialist may sometimes choose to obtain baseline ecological data from several
reference sites and then assemble DFCs from multiple references (SER 2004).

4.4.1 Disturbed and Undisturbed Reference Sites

Reference sites have similar site characteristics to the corresponding revegetation unit, but are
in different stages of plant succession. There are two types of reference sites: disturbed and
undisturbed. For most road projects, suitable reference sites will be areas that are ecologically
similarto therevegetation unitand have recovered from disturbances similar to those planned in
the road construction project. Undisturbed reference sites may also be utilized when ecological
restoration is an objective, or when suitable recovered reference sites are not available.



Figure 4.2 - Developing the Revegetation Map.

Figure 4.2A - The initial step in developing a revegetation map is to obtain topographic maps
of the project area. These maps will then be overlaid with maps for soil, vegetation, ownership,
and other relevant information.

=

Figure 4.2B - Soils maps are available for most project sites if a soil survey has been completed
for the county. Soils maps can be obtained from sources such as the U.S. Department of
Agriculture http://soils.usda.gov/, or from contacting a NRCS office. The codes are described in an
accompanying soil survey report.

Disturbed reference sites can be categorized several ways:
1) Type of disturbance;
2) Length of time after the disturbance; and
3) Desirability of the recovered vegetation.

Disturbed reference sites can be old road cuts and fills, abandoned roads, ground-based
logging sites, waste areas, rock source sites, ski runs, or other areas that have recovered
from past disturbances. Disturbed reference sites often show a range of possible vegetative
outcomes years after disturbance. Some sites will show good recovery, including stable soil,
visually pleasing, and populated by functioning communities of native plants. Others might
show what can go wrong if revegetation is not carried out properly, including erosion, poor
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Figure 4.2C - In this example, a portion of an existing road will be reconstructed; a new road
section will be constructed through a forested area; and the section of road that is not needed
will be obliterated and revegetated.
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Figure 4.2D - The proposed road location was surveyed on the ground by specialists in soils
and botany. The survey identified old disturbances that had revegetated naturally over the last
50 years to a community of native grasses and forbs. Several disturbed reference sites (RR1, RR5
and RR6) were identified. Intensive soil and vegetation surveys were conducted at each site.

For the new stretch of forest road, undisturbed reference sites (UR2 and UR4) were identified
and surveyed.
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ground cover, weed infestation, and a lack of native vegetation. Understanding the conditions
that lead to these vegetative outcomes can be a guide to avoiding this outcome in the future.

Disturbed reference sites are the best models to demonstrate what is possible on the site, what
trajectories succession might take (with or possibly without human intervention), and ways
to effectively intervene in order to facilitate desired outcomes. Disturbed reference sites are
invaluable in developing realistic DFCs. Ideally, the type of disturbance on a disturbed site
should match the type of road construction disturbance that will take place on the revegetation
unit. For example, if the road cut after construction will be denuded of topsoil, then a disturbed
reference site should be found that lacks topsoil.

The stage of recovery is also important. It is ideal to find several disturbed reference sites
that represent different successional stages of site recovery. For instance, a revegetation unit



Figure 4.2E - Based on the soil and vegetation data collected during these surveys, six
revegetation units were identified (colored areas). The criteria for differentiating these units and
their treatments is described in the table below.
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would ideally be represented by a recently disturbed site (several years after disturbance), a
recently recovered site (5 to 25 years after disturbance), and a fully recovered site (over 25 years
since disturbance).

While there is no such thing as a “pristine” plant community, an “undisturbed” reference site
is an area that has not been heavily impacted by ground-disturbing activities. Undisturbed
reference sites indicate the highest potential of a revegetation unit, and are most often used as
models when the goal is not merely revegetation, but ecological restoration. The description
of soil, climate, and vegetation in an undisturbed reference area can become the framework for
the DFC. It provides the revegetation specialist an understanding of those site characteristics or
components necessary for healthy ecological functioning.

4.4.2 Locate Reference Sites

The process of selecting and describing reference sites is best accomplished in an
interdisciplinary manner. Soils and vegetation specialists should work together to locate,
select, and assess reference sites. The discussions that are generated during this process are
generally far more thorough in knowledge and understanding of recovery processes than if
surveys were conducted separately.

Prior to going to the field to locate reference sites, a list should be made of all reference sites
(age, prior disturbance, and desirability) needed for the analysis. Then, using road, soils, and
vegetation maps of the area, possible locations for reference sites can be determined. Based
on these maps, a “windshield survey” can be conducted by driving adjacent or connecting
roads where potential reference sites might be found. Frequently stopping to get out of the
vehicle and examine the site will ensure the sites are similar to the general characteristics
of the revegetation unit. A search should be done for different ages and plant communities
on undisturbed and recovered reference sites. The reference site process will reveal the
variation in the project area and will help you understand the best strategy for future surveys.
Once reference sites are selected in the field, they are identified on a revegetation map to
be surveyed.
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Table 4.4 - Reference Sites Should Assessed with a Series of Surveys of Increasing Complexity.

What Where How Why
Prefield survey  Office Maps, contacts, Begin to identify species,
literature communities, and

successional processes;
determine scope
of other surveys

“Windshield” Proposed Road Windshield/drive  Get oriented; strategize
Survey Corridor, existing through field survey
road and reference
sites
Field Survey Proposed road Intuitive survey, Develop comprehensive
corridor, existing observe, identify,  species list, conduct
road and reference  list soil survey, define
sites plant communities and

successional processes

4.4.3 Survey Reference Sites

Conducting a series of surveys (Table 4.4) will provide baseline ecological data and a vegetation
inventory. The goal is to obtain sufficient information from reference sites to realistically define
DFCs. During an initial survey, the appropriate survey intensity can be determined based on
information needs and knowledge gaps. For example, if one of the revegetation objectives is to
restore an abandoned road to a DFC similar to a neighboring forest, then a survey of vegetation
and soils of an undisturbed and disturbed neighboring forest would be conducted to describe
the site characteristics and species composition.

Prior to field surveying of reference sites, the data used to define revegetation units (See
Section 4.3) should be reviewed. Information regarding land ownership, site history, resources,
and past and current management is also valuable. Government specialists who might have
knowledge of the soils, vegetation, climate, and hydrology, as well as locals who can provide
insight on site history, should be contacted.

Your survey of reference sites should have 4 objectives:
1) Create a comprehensive species list,
) Define the plant communities,
3) Determine possible successional trends in the plant communities, and
)

Survey soils.
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4.4.3.1 Create a Comprehensive Species List

A good method for compiling a comprehensive species list is to choose a representative cross-
section of the major habitats and topographical features, with the goal of identifying as many
species as possible. This is accomplished by surveying only in areas of maximum diversity. This is
sometimes called an “intuitively controlled survey” (Riley 2006). The intuitively controlled survey
is appropriate for reference site descriptions because the method maximizes an understanding of
speciesdiversity. [t should be noted thatif there are afew species that cannot be identifiedin the field,
samples should be collected in a plant press and brought back to the office for identification. If more
detailed data collection is desired, transects or grids may be run to conduct a vegetation survey.

All observations during or immediately following field surveys should be documented. Note if
the species are native or introduced and keep track of species by general life form, including:
trees, shrubs, annual grasses, perennial grasses, annual forbs, perennial forbs, sedges, and
rushes. This information will be used later in Phase Three to develop a comprehensive species
list for the project.

4.4.3.2 Describe Plant Communities

Species should be grouped by plant community and ecological setting. Ecological settings
are based on characteristics of the site, which are usually a range of temperature/moisture
conditions (Table 4.5).

Within each of these ecological settings, note each plant’s amplitude, or how often the species
occurs across different ecological settings. For example, a species that crosses eight ecological
settings and is found in cold, wet through warm, dry environments would have a wide
amplitude. Amplitude is usually quantified in terms of abundance (e.g., stems per square foot),
density (ground or canopy cover percentages), or other measures within a given ecological
setting. See Phase Three for a detailed description of this process.

Next, note groups of species that commonly occur together within or across ecological settings.
The goal of most projects is to revegetate not just individual species, but to develop healthy,
functional communities of plants. Gather information that shows how each species fits into an
assemblage or association of plants. These assemblages may be referred to as “plant associations,”
“plant communities,” or “guilds.” In this manual, the term “plant community” will be used.

One method to define plant communities and successional processes is to refer to agency-
created guides, such as a Plant Association Guide or equivalent. (A Plant Association Guide is
available for each National Forest.) Based on species lists, density, canopy cover, and/or relative
abundance, the Plant Association Guide allows you to key out the plant community in which
you are working. The guide also supplies information on associated soil types, full species
lists, climate ranges, and how each plant community might respond to different types of
disturbances. (For some roadside environments, it may be difficult to identify plant communities
because species close to the road can consist of many non-native species.) Patterns of plant
communities, their species, and their ages should be noted on a map.

Figure 4.3 - Successional processes and plant

communities vary considerably based on site 1 Year

conditions. In this example, plant communities

developed differently on north-facing and

south-facing slopes.
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Visiting reference sites and adjacent areas of different seral stages following a disturbance
is invaluable in understanding successional processes and guiding revegetation efforts.
Characterizing the plant successional stages of the reference sites will be helpful. Categorize
the plant communities into four categories: early, mid, and late seral, and climax. Figure 4.3
illustrates how plant communities develop differently over time, depending on site conditions
and successional processes.

4.4.3.3 Survey Soils

Understanding the soil characteristics on reference sites is essential to effectively define DFCs.
Although soils reports provide general information on soil characteristics, such as soil depth,
pH, and water-holding capacity, intensive soil surveys should be conducted on all reference
sites. Soil pits should be dug at each site and the following information collected for topsoil
and subsoil:

Soil texture (See Section 5.3),

Rock fragments (See Section 5.3),
Rooting depth (See Section 5.3),

Topsoil depth (See Section 5.5),

Nutrient levels (See Section 5.5),

Soil structure (See Section 5.3),

Litter and duff layers (See Section 5.4),
Site organic matter (See Section 5.5), and
Infiltration rates (See Section 5.2).

The process for collecting and interpreting this information is described in depth in Chapter 5
(Planning Phase Two).

4.4.4 Describe Revegetation Units Using Survey Information

The process of describing revegetation units in detail is interpretive and predictive, rather than
purely descriptive. You are attempting to define the processes and species in a revegetation
unit, using the snapshots obtained from the reference sites. Since each revegetation unit can
have several reference sites, the data from these sites must be compiled, summarized, and
interpreted. The following questions can help in understanding the ecological processes for
revegetation of the site based on reference site information:

What is the generalized site (soil, climate, vegetation) description of each
revegetation unit?

What are the ecological differences between revegetation units?

How will each revegetation unit respond to different types of disturbances immediately
after construction, in one year, three years, and ten years?

What are the ecological trajectories for each unit and what are the dominating factors
controlling them?
What are the limiting factors (discussed in detail in the next chapter)?

The answers to these questions should be summarized as an ecological description for each
revegetation unit.

4.5 STEP FOUR — DEFINE DESIRED FUTURE CONDITIONS (DFCS)

Once revegetation units and corresponding reference sites have been identified, mapped,
and described, the desired future condition (DFC) can be defined for each unit. The DFC takes
the overall revegetation objectives defined earlier and translates them into measurable goals
tailored to each management unit. The DFC specifies the desired or expected composition of
vegetation at a defined point in time after the completion of the revegetation work.



























Figure 10.133 - Rigid tubing can

be installed over the top of the tree
shelter to protect seedlings from larger
browsing animals.

Drawbacks: Tree shelters are not intended for all species or site conditions. Several studies
have shown that, under certain climates, seedlings grown in tree shelters are more susceptible
to low temperature extremes than those grown in the open (Svihra and others 1993; Kjelgren
and others 1997). These conditions occur in the late winter and early spring on some sites when
warmer daily temperatures in tree shelters induce earlier bud break and stem dehardening,
leaving seedlings more susceptible to cold temperatures. Air temperatures can also be colder
at night in tree shelters on some sites because tree shelters can potentially trap cold air near
the ground surface (Swistock and others 1999). On the opposite extreme, extremely high
temperatures in the summer can be reached inside the shelters during mid-day, which might
be detrimental to seedling growth. For these reasons, installing tree shelters should be done
with some understanding of the effects that the shelters will have on each species to be planted
and the climate of the site. Small trials, prior to installation, can point out potential problems.

In visually sensitive areas, tree shelters do not blend well with natural backgrounds. Depending
on the species and the site, tree shelters might have to remain around plants for up to five
years. In addition, long range planning for shelter removal is critical; without removal, the stem
of the plant can be restricted.

Installation: Installing tree shelters may be done during orimmediately after planting to protect
seedlings from animal damage. Tree shelters are usually delivered in stacks of plastic sheets.
They are assembled on site into cylinders that are placed over the seedling and held upright
with a stake (Figure 10.132). The stake is driven into the soil so that the bottom of each cylinder
is in direct contact with the soil surface. If burrowing animals are a problem, shelters can be
installed several inches below the soil surface. This is an effective control of gophers and voles
(McCreary and Tecklin 1997; Jacobs and Steinbeck 2001). Netting is sometimes placed over the
opening of the shelter to prevent birds and lizards from becoming trapped (Bainbridge 1994).
Rigid tubing can be placed over the top of the tree shelter to protect the emerging foliage from
deer and elk browse (Figure 10.133). Tall tree shelters will require very strong stakes anchored
firmly in the soil to withstand strong winds. As the shelters are installed, care must be taken
to avoid skinned bark, damaged buds, or broken leaders. Where moisture is a limiting factor,
weeding the vegetation from around the shelters is essential. Seedlings competing with weeds
are unlikely to take advantage of the water saved by a tree shelter (Bainbridge 1994; McCreary
and Tecklin 1997).

Maintenance and Removal: Installed properly, tree shelters require little maintenance.
Nevertheless, sites where tree shelters are installed should be inspected annually to assess
seedling conditions in the tree shelter and determine if any maintenance is needed. Since
yellow jackets and other animals create homes inside tree shelters, it is wise to be cautious
when conducting inspections.
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Tree shelters create growing conditions that favor seedling height growth over stem diameter
growth (Figure 10.134). Since tree shelters physically support the seedlings while they are
growing, the seedling directs more of its energy into growing up to the light and less into the
stem. Tree shelters must not be removed until a portion of the seedling crown has grown out of
the shelter. If the tree shelter is removed while it is still growing inside the shelter, the seedling
will not be capable of supporting itself. Once the seedling has emerged from the shelter, stem
diameters will continue to increase as the foliage acclimates.

Available Products: Tree shelters are available in a variety of shapes, sizes, colors, and styles
from companies that specialize in reforestation, restoration products, or grape growing.

Color. Color and translucency of the plastic are important characteristics for selecting a tree
shelter. Brown-colored tree shelters greatly reduce solar radiation and, in one study on a
high elevation site, was shown to drastically decrease seedling survival of Engelmann spruce
(Picea engelmannii) (Jacobs and Steinbeck 2001). But on hot, dry sites, reduced radiation might
benefit seedlings. Oak seedlings (Quercus spp).planted in a semi-arid environment actually
performed bestin short, brown-colored shelters because of reduced daily temperatures (Bellot
and others 2002).

Lighter colored tree shelters allow greater solar radiation to reach the seedling, but can also
heat up when they are exposed to direct sunlight. Highly translucent tree shelters should be
considered where light is limiting. On the other hand, low translucent shelters might be more
appropriate for sites where solar radiation and mid-day temperatures are high in order to
reduce the potential for overheating.

Material. Tree shelters are made from translucent plastic for light transmission built with
different degrees of sturdiness. Corrugated tree shelters are the sturdiest and are used on
sites with strong winds. Corrugated materials are also used in the taller tree shelters for added
support (Figure 10.132), while thin plastic can be used in shorter shelters. Tree shelters are
typically designed to degrade in five years, but in many cases they do not. Many shelters can
therefore be reused, which will reduce project costs.

Ventilation. Without ventilation, tree shelters will build up heat on warm days, especially if
they are in direct solar radiation. Maximum daily summer temperature in shelters can be 8 to
16 °C (15 to 30 °F) higher than ambient air temperatures (Steinfeld 2005). Extreme temperatures
can be reached on days where ambient air temperatures exceed 38 °C (100 °F). For these sites,
shelters with some form of ventilation, such as holes, should be used. Ventilated tree shelters
have been shown to reduce maximum daily shelter temperatures by 3 °C (5 °F) (Swistock and
others 1999). Where ventilation is needed, taller shelters will require more ventilation than
shorter shelters.

A ventilated tree shelter may restrict CO, in the area around the seedlings, which would be a
further consideration for ventilation. Some studies have shown that CO, is very low in shelters
(Dupraz and Bergez 1997). However, other studies that have shown higher levels of CO, within
shelters than outside (Frearson and Weiss 1987).

Size. Selecting the size of the shelter should be based on the anticipated growth rates of the
species planted and the anticipated animal damage. Shelter heights range from 1 to 9 ft, and



| Figure 10.135 - Small tree shelters can
be placed around germinating seeds to
enhance germination and early seedling
establishment, as shown in this picture
of an establishing California black oak
(Quercus kelloggii) seedling in a tree
shelter made out of x-ray film.

diameters up to 6 inches. To obtain the greatest benefit from tree shelters, the shelter height
should not exceed the maximum seedling growth in the first year. Fast-growing species should
have tall shelters; shorter shelters should be used for slow-growing species. Ideally, the shelter
height should be greater than the browsing level of the foraging animal. For instance, tree
shelter heights in deer browse areas should be at least 4 ft tall so that new seedling growth
from the top of the tube is not severely browsed back. Extending the protection of the tree
shelter can be done by using a rigid netting placed over the top of the shelter. Large shelters
can be cut into any height or diameter needed for the project. Very small shelters (less than
6 inches tall) can be used around germinating seeds to protect them from small animals and
create a micro-climate for germination (Figure 10.135).

Costs: Tree shelters can be an expensive addition to the revegetation project. The high costs
to purchase, assemble, install, maintain, and remove shelters should be considered against the
benefit of increase survival and growth. On projects where smaller, less expensive seedlings are
being planted, the cost savings from not planting larger stock can offset the installation of tree
shelters. Assuming that tree shelters increase seedling survival, fewer seedlings would need
to be planted, and these savings could offset the costs of installing tree shelters. Where quick
establishment of vegetation is the objective, the use of tree shelters should be considered.

10.4.5 IRRIGATION

There is a wide range of irrigation methods and techniques available to the revegetation
specialist, ranging from simple to elaborate, and modestly priced to costly. Since irrigation is
often a very expensive revegetation strategy for most projects, the decision to irrigate, and
subsequently the selection and design, must be integrated into the objectives of the road
project during the planning stages. The most common reason for irrigating in the western
United States is to aid in seedling survival during the first several growing seasons. Those sites
that have low soil water-holding capacities, high evapotranspiration rates, or low summer
rainfall meet these criteria. Irrigation is also used when the project objectives call for a quick
establishment of vegetation for visual screening, erosion control, or slope stabilization.
Wildland irrigation is almost always a temporary measure, spanning a maximum of three years.
Therefore, elaborate or expensive irrigation systems are not often the best choice for these
situations. Low-tech systems, requiring minimal maintenance, tend to be more appropriate for
wildland restoration.

The challenge in wildland irrigation is the timing and placement of water in the soil. An
irrigation system that delivers water when the plant is less likely to need it is wasteful and can
be detrimental to the seedling. A system or schedule that applies water when the plant requires
it for survival or growth is most cost effective and beneficial for seedling survival and growth.
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Developing irrigation schedules based on plant needs is an essential part of using irrigation for
establishing plants, and those needs change based on the species being established, nursery
stocktype, soils, and climate.

Placing the water in the soil profile where it can be directly accessed by much of the root system
is critical for efficient use of an irrigation system. Some irrigation systems moisten more of the
soil profile than will be accessible by the establishing root system, and water is consequently
wasted. Other ineffective systems barely wet the soil surface, leaving the applicator satisfied,
but the roots without water. The objective of an efficient and effective irrigation system in
wildland settings is to deliver only the amount of water needed, when and where it is needed
for seedling survival and growth.

Tree and shrub seedlings survive by growing roots down into the soil profile, accessing moisture
at deeper portions of the soil profile than annual grasses and forbs. Deep placement of water
for these species is far more important than surface soil moisture. Yet many irrigation systems,
such as drip, basin, and overhead sprinklers, deliver water through the surface, wetting soil
where it is not needed, and encouraging weeds and other competitive plants to establish and
thrive. Furthermore, surface irrigation does not always assure moisture will be evenly delivered
to the deeper portions of the soil where the roots of trees and shrubs are growing. Soil structure
and texture affect the wetting-front patterns of surface-applied irrigation water. If the soil is

compacted, the amount of water that

is delivered to the lower rooting zone

Figure 10.136 — Deep pot irrigation uses an open- can be reduced. A better method
ended PVC pipe placed next to a planted seedling. of water delivery to the root zone
Small holes (1 mm) are drilled 2 to 3 inches down of trees and shrubs is to bypass the
the pipe and positioned toward the root system. surface of the soil completely.

A screen is placed over the top of the pipe to keep

animals out. The size of the pipe and placement 10.4.5.1 Deep Pot Irrigation

is designed to deliver the appropriate amount of
water to actively growing roots (modified after
Bainbridge 2006b).

There are several irrigation methods
developed for arid land revegetation
that bypass the soil surface and deliver
water directly to the root zone. These
systems include deep pot, porous
hose, and wick irrigation methods
(Bainbridge 2006a). Because these
systems deliver water directly to the
soil profile where roots are actively
growing, far less water is required.
Deep pot irrigation (Figure 10.136)
appears to be the most effective and
practicalmethodforirrigating planted
seedlings in arid environments
(Bainbridge 2006b). This system has
been found to be three times more
effective at increasing seedling
survival than surface irrigation using
the same amount of water (Bainbridge
and others 2001).

Deep pot irrigation delivers water
to the root system through a pipe
positioned next to the seedling
(Figure 10.136). The pipe is either
filled periodically by hand or through
an installed drip irrigation system.
The soil is moistened as water drains
through both the bottom of the PVC
pipe and the holes drilled in the sides.
The amount of water delivered to the
soil depends on the size of the pipe
and how much water is applied. Deep

Screen
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Figure 10.137 - The maximum
amount of water that can be
delivered to a root system in
asingle irrigation (y axis) is
determined by the pipe length (x
axis) and the diameter of the deep
pot (lines). For example, a 14-inch
pipe with a 1-inch diameter will
hold approximately 0.15 quarts
of water; a 2-inch diameter pipe
will hold 0.75 quarts; a 3-inch o ‘ ‘ | |
diameter pipe will hold 1.7 quarts 8 10 12 14 16 18
of water. Pipe Length (inches)
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pot irrigation pipes are typically made from PVC pipes, though most pipe or tubing material
can be used. Pipe diameters range from 0.5 to 3 inches. Pipe lengths range from 8 to 18 inches,
depending on the stocktype and water volume to be delivered. A seedling with a short root plug
will require a shorter pipe, whereas a longer root plug will require a longer pipe. The bottom of
the pipe should be positioned no deeper than the length of the root plug so the wetting front
moves around the bottom and lower portions of the plug where it can be accessed by new,
advancing roots. The top of the pipe is screened to prevent animal entry and is placed several
inches above the level of the soil.

The diameter of the pipe will determine the quantity of water that can be delivered at any one
irrigation (Figure 10.137). Given the same pipe lengths, a 2 inch diameter pipe holds 4 times
the amount of water as a 1 inch pipe, and a 3 inch diameter pipe holds 8 times the amount of
water. Since filling pipes is expensive, determining the proper diameter is important. Oversized
pipes will deliver a wetting front that extends beyond where it can be accessed by the root
system, and water will be wasted. Pipes that are too small will not fully wet the area around
the advancing rooting zone, requiring more frequent irrigations. Pipe size and irrigation
frequencies depend on:

Soil Type - Sandy or rocky soils have low water-holding capacities, causing wetting fronts to
travel deeper and in a narrower band. Less water but more frequent irrigations are needed in
these soils. Pipes must be placed closer to the root plug to ensure the wetting front reaches the
root system. Finer textured soils, such as loams and clays, have a higher water-holding capacity
and wider wetting fronts. More water can be applied in these soil types and at less frequent
intervals than sandy soils.

Stocktype - Large stocktypes have greater root volumes and greater above-ground vegetation
to support than smaller stocktypes, and therefore require more irrigation water. However,
smaller stocktypes might require more frequent irrigation.

Seedling Quality - Healthy seedlings grow new roots quickly and can access deeper soil
moisture. Poor quality seedlings are slow to initiate roots and therefore must be irrigated
more frequently.

Competing Vegetation - Where undesirable vegetation is growing near planted seedlings, soil
moisture is depleted sooner, requiring more frequent irrigations than if seedlings were free
from competing vegetation.

Species - Every species has unique rooting patterns, growth rates, and water needs. Those
that grow roots quickly and have a higher rate of water withdrawal require larger, deeper
pipes and more frequent irrigations. These species include many of the fast growing riparian
species such as cottonwoods, willows, and maples. For more information, contact the nursery
manager growing the species of interest. They are very familiar with root growth and water
needs by species.

The volume of the pipes and frequency of irrigations will determine the type of water delivery
system to use. Sites that need frequent irrigations and high volumes of water per plant might
require water delivery through a drip system (See Section 10.4.5.2). For most projects, however,
pipes can be economically watered by hand using backpack spray equipment or fire bladder
bags. Bladder bags hold approximately 5 gallons of water and can be filled from water trucks or
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large water containers positioned in pickup beds. Assuming that an irrigator can carry 20 quarts
of water at a time (5 gallons) and each plant in the project requires a quart of water, the applicator
could irrigate 20 seedlings before returning for more water. If less water is required, more plants
could be irrigated before refilling is necessary.

Deep pot irrigation allows for the introduction of soluble fertilizers (See Section 10.1.1) and
mycorrhizal fungi inoculum (See Section 10.1.7) if seedlings require these treatments. Since
soluble fertilizers are delivered directly to the roots, bypassing the soil surface, weeds are not
encouraged to grow. Care must be taken when determining fertilizer rates to avoid increasing
soluble salts above levels that are toxic for root growth. Salt levels and pH of the irrigation water
must be monitored to assure that salts do not exceed toxicity levels for plant growth (See Section
5.5.5, pH and Salts).

Determining when to irrigate can be based on the moisture stress status of the plant. An accurate
method for determining plant moisture stress (PMS) is using a pressure chamber (Inset 10.23). This
equipment reads plant stress (in negative bars) at the time of the readings. PMS readings should
be made in the early morning, prior to sunrise, when diurnal PMS is at its lowest. Five seedlings
should be collected in one area and averaged per site. If pre-dawn PMS readings are less than -15
bars, seedlings are under high moisture stress and must be irrigated soon to keep the seedlings
from dying. If the objective of irrigation is for fast seedling growth, then PMS during the plant
growth (spring and fall) must be kept above -5 bars. PMS equipment is expensive to purchase.
However, many Forest Service district offices use and maintain this equipment.

10.4.5.2 Drip Irrigation

Drip (or low pressure) irrigation is generally a temporary measure to help establish roadside
plantings. It is typically used for one or two seasons to establish nursery-grown plants and then
removed. Setting up drip irrigation might be considered extravagant. For projects where there is no
tolerance for seedling failure, this can be a viable, economical alternative (Bean and others 2004).

Some advantages of using drip systems for roadsides are water efficiency, system flexibility,
portability, and ease of application of soluble fertilizers. The main disadvantage is the high
maintenance required to keep the system operational. Drip systems are composed of
numerous points where failures can occur: storage tanks, burst end clamps, connectors,
emitters, hundreds of feet of pipe and drip irrigation tubing. For this reason, the system must
be inspected and maintained regularly during the summer to assure that all seedlings are being
properly irrigated. This involves inspecting all emitters, pipes, tubing, and tanks. Emitters clog
with sediment and insects (Bainbridge 2006c¢); animals gnaw through tubing when it is above
ground; and plastic water tanks make great shooting targets. These damages to the system
must be repaired before each irrigation cycle. Another disadvantage is that, on hilly sites, the
system must be designed to maintain the correct pressure to each emitter.

In its simplest form, the drip irrigation system consists of: 1) a water source, 2) mainline and side
lateral pipes, and 3) drip pipes and emitters. The system is under pressure during irrigation,
which moves water from the water source, through the mainline and side laterals, to the
emitters where seedlings are watered. The objective is to deliver equal amounts of water to
each seedling. This is not a problem when the system is laid out on flat ground and pressures
at any point in the system are equal, but flat terrain is seldom found on highway projects.
On projects that have any slope gradients, there will be changes in pressure depending on
the elevation of the emitters. The pressure change occurs at a rate of 1 Ib/in2 (PSI) per 2.31 ft
elevation drop. This means that an emitter at an elevation that is 46 ft lower than the water
source will have a PSI of 20 (46/2.31 = 20), while an emitter at 92 ft lower than the water source
will have a PSI of 40 (92/2.31 = 40). Unless pressure-regulating techniques are used to reduce
the pressure to the lower elevation emitters, the amount of water delivered to those emitters
will be approximately twice that of the upper elevation emitters. Compensating for pressure
changes is critical for delivering equal amounts of water to each seedling. Systems that do
not compensate will have seedlings that receive too much water, while others will not receive
enough during an irrigation cycle.

Water Source - The water source constitutes the beginning point of the drip system. It is
typically the most uphill point because it must feed every emitter below. Water is typically
trucked to the site and pumped directly into the mainline, or stored in temporary, portable
storage tanks (Figure 10.138). Water trucks range in capacity from 1,000 to 2,500 gallons. If there
is a location for a portable water storage tank above the planting area, gravity feed can be used



Inset 10.23 - Measuring Plant
Moisture Stress
(modified from McDonald 1984)

Measuring plant moisture stress
(PMS) is an accurate method to help
determine the water needs and
status of a plant. When a seedling
(A) is under moisture stress, it is
pulling water from the soil through
the stem. The water in the stem is
under tension, much like a rubber
band that is being stretched (B).
When a small branch is cut, the
tension in the stem is released and
the water shrinks back from the cut
surface (C). The further back the
water shrinks, the more moisture
stress the plant is under. The cut
end of the stem is placed through
a small hole in a stopper, with the
end protruding from the lid (D). The
foliageis placed in the steel chamber
and tightened so it is airtight (E).
Nitrogen gas is slowly applied into
the chamber, exerting pressure
through the stomata and pushing
water through the stem toward
the cut end. When the water just
begins to emerge from the cut end,
a pressure reading is made. This is B
the amount of suction or stress that
the seedling is under at the time the
sample was collected. Since PMS
varies throughout a 24-hour period,
seedling samples must be taken in
the pre-dawn for consistency and
comparison purposes.
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determine  when to irrigate
seedlings. If pre-dawn PMS readings
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to pressurize the system. Operational
water pressure for a drip system
ranges from 20 to 40 PSI. To achieve
a minimum pressure of 20 PSI with a
gravity feed system requires a 46 ft
elevation drop from the storage tank
to the first line of emitters (20 * 2.31
= 46). If this drop does not exist, then
a pump will be needed to augment
the pressure.

Figure 10.138 - Large holding tanks are used for
temporary drip irrigation systems (A). A simple on/
off valve controls water to the gravity-feed system
(B). Pressure release valves (C) are used to control

Components of a temporary water
tanksystemincludefilters,on-offvalve,
backflow, and a pressure-reducing
valve (if the water source pressure is
greater than 40 PSI) (Stryker 2001).
When planning water storage, ease of
access is an important consideration.
Sometimes water will need to be
pumped a substantial distance to a
water storage tank. In other cases,
more than one tank will be required
to reach all planting areas in complex
terrain. Water from unknown sources
should be sent to a qualified lab
and analyzed for contaminants and
impurities (Zoldoske 1998). Chances
are that most water sources will have
impurities that will clog very small
drip emitter openings. Installing a 100
(150 micron) to 150 (100 micron) mesh
filter is recommended (Stryker 2001).

Mainline and Laterals - The mainline
delivers water from the water source
to the lateral pipes. The layout of the
mainline and laterals can compensate
for pressure changes associated with
hilly terrain. A series of parallel lateral
lines can be laid out perpendicular to
the slope gradient. Since each line is
on the contour, there is no pressure
difference between emitters within a
line. Between lateral lines, however,
there is change in pressure based on 1
PSI per 2.31 ft elevation drop. Placing
a pressure regulator at the connection
between the mainline and each lateral
line can compensate for the pressure
increase with elevation drop.

The drip tubing diameter determines the volume of water that can be carried in the lateral
lines and the rate it will be delivered based on friction losses. A two inch pipe, for instance,
carries four times as much water as a one inch pipe, but the costs are correspondingly much
higher. For long stretches, increased frictional losses inside narrow diameter pipes can cause
inadequate water coverage. Increasing water pressures or increasing pipe diameters can
compensate for this.

The carrying capacity is the amount of water that specific tubing can deliver under a specific
line pressure. For example, 0.75-inch tubing has a carrying capacity of approximately 160
gallons per hour at a line pressure of 20 PSI, whereas 1-inch pipe has a carrying capacity of
370 gallons per hour at the same pressure. Charts are available that compare various tubing



diameters, emitter outputs, and system pressures for determining the length of tubing. These
charts must be referenced when designing an efficient drip system.

Emitters - From the laterals, water flows through a smaller diameter pipe to the emitter, which
meters out water directly to the base of each plant. Emitters apply water to the soil surface
without wasting water on the surrounding area, thus discouraging non-target species. When
emitters are placed in a deep pot irrigation system, water efficiency is increased further
because water is delivered directly to the roots. There are many types of emitters, but pressure
compensating emitters work well on hilly topography because they are designed to discharge
water at uniform rates under a range of water pressures. With pressure compensating emitters,
a system at 15 PSI would have the same emitter flow rate as a system at 45 PSI (Stryker 2001).
These emitters are two to three times more expensive than non-compensating emitters.

Emitters come in a range of flow rates, with the most common rates of 2 liters/hour and
4 liters/hour. Choosing the flow rate for the emitters should be based on soil texture, water
requirements of the plants, water delivery capabilities of a system, and budget. Most designers
agree that placing two emitters at each plant is better than one emitter with twice the output,
because the water distribution area will more closely match the rooting profile of the plant.
Two emitters also offer backup should one of the emitters become clogged.

A good grasp of the soil drainage and water storage characteristics is necessary in choosing
emitter capacity and duration of irrigations. Well-drained soils (e.g., sandy texture or high
coarse fragments) require emitters with higher flow rates, but shorter irrigation time. On the
other hand, poorly drained soils (higher in clays, or compacted) require lower output emitters
and longer irrigations. Size of planting stock will influence the number of emitters and flow
rates; the larger the planting stock, the longer the irrigation cycles and more output emitters
are needed.

There are a limited number of emitters that can be installed on any one lateral line. For example,
0.75-inch pipe or tubing delivers approximately 160 gallons per hour, the number of emitters
that can be installed on the line will vary by emitter output rates. Installing 0.5 gallon/hour
emitters allows approximately 300 emitters (600/2 = 300) on the line. If two emitters were
placed by each plant, 150 plants could be watered on a line. If the emitters were rated at 1.0
gallon/hour, then 75 plants could be watered.

Installation - The installation of a drip system involves placing pipe and inserting emitters.
Tubing comes in rolls and is easiest to lay out like a wheel to keep kinks from developing in the
line. Lateral tubing should be placed upslope from the plant, which will act like a stake should
the tubing move downslope. Tubing migrates until it has been used for a while and may require
periodic staking. When the main line and laterals are in their general locations, the system is
filled with water to flush the pipes clean. The ends are clamped or plugged and then filled
again. This will reveal whether there are any leaks or problems to fix before installing the tubing
to the emitters. A pressure gauge should be used at this time to take readings across long runs
within or between lateral lines to check consistency of pressures. If there are problems, they
should be corrected at this time. Puncturing tubing for emitters can be done when the system s
charged with water, so that adequate emitter flows and problems are seen immediately. Some
designers choose to bury emitters below the soil surface to reduce surface evaporation. Losing
visual inspection, however, usually outweighs the benefits of this strategy (Zoldoske 1998).

Operation - Prior to operating the drip system, filters must be cleaned. Check salt levels and pH
of the irrigation water using a pH/conductivity meter to assure that salts do not exceed toxicity
levels for plant growth (See Section 5.5.5, pH and Salts). Once these measures have been taken,
the system can be opened and lines and emitters inspected. If emitters need cleaning, repair,
or repositioning, it is done at this time. Tools and spare parts for the system are brought along
and used where needed. Determining when to irrigate should be determined through PMS
monitoring (Inset 10.23). Determining the duration of the irrigation cycle can be done once or
twice during the growing season through a visual inspection soil profiles dug below several
emitters. Observing the wetting front should be done several hours after the system has been
shut off because the wetting front will have stabilized at that time.
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11 MONITORING AND MANAGEMENT

11.1INTRODUCTION

The goal of roadside revegetation is to establish healthy, functional communities of native
plants along roadsides and on road-related disturbances. However, projects to establish native
plants on disturbed sites rarely turn out exactly the way they were planned. Therefore, regular
visits to the project to evaluate progress, and to intervene if necessary, are essential parts of the
revegetation process.

Monitoring is carried out for two reasons: 1) to correct, manage, and maintain the project
effectively, and 2) to learn lessons for future projects. Monitoring provides the answers to the
following questions:

Is native vegetation establishing well, or is some corrective action needed?
Were regulatory standards or revegetation commitments met?
Were there differences in plant responses between different revegetation treatments?

These questions may be answered simply through general observations during routine field
visits, through formal photo point monitoring, or through statistical methods. Monitoring
begins during the implementation phase and continues after the project has been installed.
A general monitoring protocol that can be applied to all revegetation projects does not exist.
Instead, monitoring should be tailored to the objectives of each project and to the uniqueness
of the site. Itisimportant to determine in advance whether formal data collection and statistical
analysis is necessary for the project. Simple field visits or photo point monitoring may provide
sufficient information to determine whether objectives have been met. This chapter discusses
general monitoring and management steps. If statistical methods will be necessary, Chapter
12 outlines some statistical monitoring protocols that cover the most common roadside
revegetation objectives and conditions.

Information collected during monitoring will guide management and maintenance activities
for the current project. This information can also be used to improve revegetation techniques
for future projects. Monitoring completes the project cycle by providing feedback regarding
the success or failure of a revegetation project. This information is used to adapt and improve
other projects that are in the initiation, planning, or even implementation phases of the other
project cycles (Figure 11.1).

Monitoring can also play an important role in advancing the knowledge and understanding of
establishing native plants on highly disturbed sites. This relatively new field of study lacks basic
field-tested techniques. With well-designed monitoring projects, the revegetation specialist
can provide valuable information for the use of native plants in revegetating harsh sites.

The monitoring and management phase of the project involves several steps:
Revisit project objectives and DFCs,
Develop monitoring strategy and protocol(s),
Record data and observations,
Evaluate data and apply any corrective measures,
Organize and file project results, and
Share lessons learned.

Monitoring information s utilized to evaluate progress and to inform any management activities
needed to correct the results. Long-term road maintenance and management is usually the
responsibility of the road-owning agency. However, monitoring information can facilitate
long-term results and help inform management even after the revegetation specialist’s role
is completed.



Figure 11.1 - Monitoring
and Management are the
final components of the
project cycle. Monitoring
guides management
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11.2 REVISIT PROJECT OBJECTIVES AND DFCS

A common pitfall in many monitoring projects is the lack of clearly stated objectives or
reasoning behind data collection. A good monitoring project is not defined by the amount
of data collected, but by whether the data adequately and efficiently determines whether the
objectives of the revegetation project were met. This question can only be addressed when the
objectives for monitoring are clearly stated. Monitoring efforts must not only link back to the
original project objectives, but also to the specific DFCs developed in the planning phase (See
Chapter 4). Objectives and DFCs set the standards (sometimes called “performance standards,”
“thresholds,” or “indicators”) against which the project is evaluated (Clewell 2004).

DFCs are often stated in quantitative language. For example, the DFC for a cut slope three
years after construction is stated in the revegetation plan as “less than 25% bare soil will be
exposed” and “vegetative cover will be composed of greater than 70% native species.” These
DFCs are very specificand can be used as target values, or thresholds, for determining whether
or not the project was successful. Monitoring methods, or protocols, are developed specifically
around each of these targets or thresholds. When monitoring is approached in this manner,
only the information needed to determine whether targets were met is collected. Expensive,
superfluous data collection is avoided because the DFCs were clearly defined.

11.3 DEVELOP MONITORING STRATEGY AND PROTOCOL(S)

The DFCs identify what will be monitored and defines the minimum acceptable thresholds. The
monitoring strategy defines how those criteria will be measured and evaluated. This involves
issues of scope (what level of detail or certainty is needed?), methods (what is the best way
to obtain the necessary information?), and location, timing, and frequency (where, when, and
how often should monitoring take place?). After the information is collected, the DFC threshold
values will be used to evaluate success or failure, in order to determine if results are acceptable
or if corrective action is required.

A monitoring protocol is a specific set of directions that outlines, step by step, how the
monitoring will actually take place in the field. Sometimes several different protocols will be
utilized on one project. The monitoring strategy sums up the monitoring protocols and creates
a comprehensive map, schedule, and budget for monitoring activities for the project.

11.3.1 Define Scope

Scope defines the level of monitoring detail. Some portions of the revegetation project might
require only a project diary and a series of photographs while other areas within the project will
require a statistically designed monitoring protocol. At a minimum, most projects require annual
visits and recorded observations or qualitative assessments. Portions of revegetation projects
may require statistically-based monitoring to ensure regulatory compliance and accountability.
For example, if water quality standards dictate that road sections near a high-value fishery have
no greater than 20% bare soil the first year after construction for sediment control, the importance
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of this project to fisheries and water quality will require high confidence in the accuracy of the
data. This might require more intensive data collection and statistical analysis to ensure a higher
level of certainty. On the other hand, road sections that do not affect the stream system would
have less need to collect data for statistical analysis of this intensity. In such cases, qualitative
assessments such as photo point monitoring or fewer sampling points may suffice (Inset 11.1). In
general, the scope of monitoring should reflect the importance of the revegetation objective and
the ecological sensitivity of the project site and surrounding areas (See Chapter 12).

11.3.2 Determine Location, Timing, and Frequency

Choosing appropriate sampling areas to assess whether project objectives were met is a
foundation of a good monitoring strategy. Some revegetation projects can be complex and
cover many acres. For these projects, it is important to identify specific monitoring areas.
However, not every area needs to be monitored. The revegetation unit is usually the basic unit of
sampling. There should be little reason to split out the revegetation units in order to determine
whether standards or thresholds were met. Finer delineation of areas within revegetation units
for monitoring should only be done if there are specific questions to answer about treatment
effectiveness or differences.

Determining the most appropriate time of the year and frequency for monitoring is a key part
of developing a monitoring strategy. Some portions of a revegetation project may require only
one monitoring visit, which may simply be carried out as part of quality control during the
implementation phase (See Chapter 9). For example, if a two-inch application of composted
mulch is a stated objective in the revegetation plan, then one visit to the site, preferably during
mulch application, will suffice to confirm whether this occurred or not. For other objectives, a
series of observations over time will be necessary. For example, a planting contract requires
400 live trees to be established the first year after planting and 300 live trees by the third year.
This project would need to be monitored twice, once at the end of the first year and once in
the fall of the third year.

Itis important to define the season that monitoring will take place because vegetation changes
from season to season. This will affect the results of the data being collected. For instance, if the
monitoring objective is to determine the species cover after seeding native grasses and forbs,
monitoring should take place in the early summer when plants are flowering and species are
easily identifiable. Collecting soil cover data, on the other hand, is often done in the fall prior
to winter rainstorms, since the revegetation specialist will want to know the amount of ground
cover that will be protecting the soil during these events. Monitoring first year seedling survival
should be done in fall and not in spring or summer. Taking data in spring or summer will show
higher survival; by fall, most of the seedling mortality will have occurred.

11.3.3 Develop Sampling Methods

Sampling methods define what parameters will be measured and how the data will be collected.
Parameters may be biotic or abiotic, and are determined by the revegetation objectives.
For example, vegetative cover can be measured as basal cover or aerial cover. If the objective
is erosion control, then basal area is usually measured. If the revegetation objective is visual
aesthetics, then aerial cover would be selected. In another example, if a revegetation objective
is to reestablish a working group of species, then measuring for species presence would
be conducted. If this is the case, the interest is only in working group species, so only these
species need to be monitored. Any other species can be grouped into broader categories, such
as grasses and forbs, for measurement. This strategy reduces the need to identify all species
present in a sampling unit, and instead focuses data collection on the key species or groups of
species that are relevant for meeting project objectives.

11.3.4 Summarize Monitoring Strategy

The monitoring protocol or protocol(s) to be utilized to evaluate the progress should be
summarized into an overall monitoring strategy (Table 11.1). The monitoring strategy should
have these components (Elzinga and others 1998):



Summary of objectives. The purpose for monitoring, the project objectives and DFCs to Introduction
be met, DFC “threshold values” for success or failure on each revegetation unit.

Monitoring area map. The monitoring area map locates and identifies all monitoring Initiation
areas in the road project area. For example, the monitoring areas identified in Table 11.1
would each be located on a road map. Planning

Summary of monitoring protocols. The strategy summarizes the general type of
monitoring, including scope, location, timing, frequency, and sampling methods for Implementation
monitoring each revegetation unit (Table 11.1).

Consolidated timelines. A comprehensive timeline should be developed for the entire
project, detail the schedule for how each revegetation area will be monitored, and
include the due date for the Final Monitoring Report. Summary

Expertise. Some monitoring protocols will require specific expertise in botany, soils,
or other natural resource disciplines. This should be addressed in the strategy to make
sure these resources are available.

Costs. A general estimation of costs can be made once the monitoring protocols have
been selected. It is important to take stock of the budget at this point since this is the
final phase of the revegetation project and there must be enough funding to implement
the monitoring.

Monitoring oversight. One person must have oversight of all monitoring activities; it is
the responsibility of this person to ensure that the protocols are being implemented
within the timelines that were developed. This person completes the final monitoring
report and summarizes important findings.

Table 11.1 - Example of a basic monitoring summary. This table, accompanied by a map of the
revegetation project, are the basic elements of a monitoring strategy.

Revegetation Expertise
Unit DFCs or Objective ~ Monitoring Protocol Year Required
- Photo point 0,1,35 -
70% soil cover Soil cover 1 -
1
0, i i o
Steep Cut 90% soil cover Soil cover 3
Slope 60% native Species presence 3 Botany
vegetation
Nitrogen analysis Soil samples 2 Soils
- Photo point 0,1,3,5 -
400 live trees Plant survival 1 -
2 per acre
Obliterated 300 live trees Plant survival 3 -
Road per acre
4 foot average Plant growth 3 -
tree height
- Photo point 0,1,3,5 -
80% survival Plant survival 1,3 -
3 of plants
Wetland 70% native Species cover 3 Botany Roadside
Revegetation
plantcover
361

No invasive plants Invasive plant survey 1,3 Botany
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11.4 RECORD DATA AND OBSERVATIONS

With the monitoring protocols defined and the overall strategy in place, data and observations
can be recorded as schedules. Methods of data collection can be qualitative or quantitative,
complex or simple. No matter what methods are to be utilized, clear written instructions in
the protocols will outline exactly how data is to be collected. Chapter 12 illustrates the most
common statistically-based monitoring protocols needed to meet most roadside monitoring
objectives. The protocols must still be used in the context of the unique environmental and
operational characteristics of the revegetation unit. For example, accessibility to a cut slope
for monitoring soil cover might be limited due to very steep slope gradients. Although the
soil cover monitoring protocol would be selected, modifications would be necessary to assure
personnel safety. The modified protocol would not be the same as one developed for areas
where slope gradients are gentle. Keep good records of the information that is collected.
A field monitoring form (such as the example provided in Table 11.2) is a useful tool to keep
information organized and consistent as measurements are taken over time.

11.5 EVALUATE DATA AND APPLY ANY CORRECTIVE MEASURES

There is no purpose in monitoring if the information will not be appropriately analyzed.
The primary reasons monitoring data is not analyzed may include: 1) the monitoring plan was
too complicated (massive amounts of data were generated); 2) insufficient thought was given
to analytic methods; 3) monitoring was not designed in a meaningful or statistical manner;
or 4) the monitoring objectives were poorly stated. Chapter 12 addresses these issues and
presents strategies to streamline monitoring so that only essential information is collected and
data can be quickly and easily analyzed.

Analysis of the monitoring data provides the feedback needed to identify and correct problems
as they arise (Figure 11.1). There are many reasons corrective actions may be necessary as
the project develops. This may include unanticipated events, such as unforeseen invasion/
infestation of weeds or other pests, theft or human impacts, or unforeseen weather events,
such as drought or early frost. In addition, there may have been some erroneous assumptions
during the planning phase about either the appropriate future conditions for the site, or
about the appropriate method to achieve the desired conditions. The sooner issues can be
identified through data collection and analysis, the sooner (and more economically) they can
be corrected. This is the basis of good management.

Table 11.2 - Example Field Monitoring Form (adapted from Elzinga and others 1998).
Project name:

Dates of data collection:

Personnel:

Location of monitoring (attach map and GPS coordinates):
Revegetation unit:

Revegetation treatments:

Desired future conditions (DFCs):

Sampling objectives:

Monitoring protocol (soil cover, species presence, species cover, etc.):
Sampling design (size and shape of sampling unit):

Number of transects or quadrats:

Type of data analysis:

Description of codes (on map or in notes):

Notes and location of accompanying map and data files:



Inset 11.1 Photo Point Monitoring
(Adapted from Hall 20023, 2002b)

Photo point monitoring is a method of displaying landscape changes in vegetation over
time. If a picture is worth a thousand words, photo point monitoring is often a useful way to
show the success or failure of a revegetation project. Landscape images from photo point
monitoring, in conjunction with data collected from other monitoring methods, can be
very effective in describing the results of revegetation efforts. Hall’s Photo Point Monitoring
Handbook (2002a, 2002b) provide more thorough coverage of the subject.

Locating photo points. The first step in photo point monitoring is to establish where the
photo will be taken. The locations of the photo point should be based on the objectives of
the revegetation project. These should include the important aspects of revegetation to
document over time. For example, if the objectives for revegetation are visual enhancement,
photo points should be located in the best places for showing these changes over time.
The effects that vegetative growth will have on the line-of-site as vegetation matures should
also be considered. Small shrub and tree seedlings planted along roadsides will, with time,
fill in the entire picture frame, obscuring any long-distance views. To avoid this, the location
and direction of the camera should place the road corridor in the foreground, since the road
corridor will always be free of vegetation.

Photo point locations should be described in detail to be easily located years l