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Executive Summary

The objective of the U.S. Geological Survey/National Park Service (USGS/NPS) Vegetation
Mapping Program is to develop a uniform hierarchical vegetation classification standard and
methodology on a Service-wide basis and, using that classification standard and methodology,
generate vegetation maps for most of the park units under NPS management. This program is in
response to the National Park Service's Natural Resources Inventory and Monitoring Guideline
(NPS-75) issued in 1992. The vegetation data are to be automated in a GIS-compatible format,
which will provide great flexibility in map design and production, data analysis, data
management, and maintenance activities.

The use of a standard national vegetation classification scheme and mapping protocols will
facilitate effective resource stewardship by ensuring compatibility and widespread use of the
information throughout the NPS as well as by other federal and state agencies. These vegetation
maps and associated information will support a wide variety of resource assessment, park
management, and planning concerns. They will provide a structure for framing and answering
critical scientific questions about vegetation types and their relationship to environmental
processes across the landscape. They will provide a consistent means for the inventory and
monitoring of plant communities and they will support "ecosystem management"” by providing a
consistent basis for the characterization of the biological components of different ecosystem
units.

The first step toward the implementation of the mapping program includes the development and
documentation of standards and protocols. This is being initiated in three studies: (1) a
proposed National Vegetation Classification Standard, (2) Field Methodologies, and (3)
Accuracy Assessment Procedures. This document is the result of the second study. The
fundamental purpose of this study is to review the scientific basis for vegetation sampling and to
propose a standardized field methodology that will serve the objectives of this project. The
planning process and field methods that will be used to sample and accurately map the National
Vegetation Classification units across all parks are described.

The National Vegetation Classification System is the result of synthesizing a great body of
earlier scientific effort as well as twenty years of field data collection and scientific analyses by
The Nature Conservancy (TNC) and Natural Heritage Program scientists. Confidence levels are
assigned to each community type to identify the quantity and the quality of information
available. The classification is rigorously reviewed and updated as new data become available.
This work is representative of some of the best field ecology and constitutes an important body
of vegetation descriptions and characterizations.
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The starting point for this study is the classification standards and field methods that have been
developed by The Nature Conservancy and the network of Natural Heritage Programs.
Nevertheless, it is anticipated that the methods will need to be expanded and/or modified if the
study is to meet the challenge of ecosystem management across the diversity of National Park
System environments and circumstances. This further development of the field methods and
classification system will be accomplished with standard methods and procedures. These
standards will preserve the overall integrity of the field methods as they are further developed,
and will enable the full use of the powerful tools of a geographic information system (GIS). The
vegetation classification will be significantly advanced during the course of this USGS/NPS
mapping program.

The field methods will begin with the evaluation of existing information on the biology, ecology,
disturbance events, and land use history of the park. The resource management needs of the
individual parks will be assessed in relation to this program. The availability of local expertise
and collateral information will help to determine how the sampling should be stratified, where it
should be concentrated, and how much new information will be required to meet the objectives
of this project.

Sample locations and number of sample points will be determined by the size, accessibility, and
complexity of a park. Park size will determine the level of sampling that can be efficiently
carried out. Whereas every polygon can be visited on the small parks, pilot sites must be
selected for sampling on the large and inaccessible parks. These pilot sites are subsections of the
park that are predicted to represent the diversity of vegetation types across the park. The
selection of pilot sites will primarily be determined from the environmental stratification of the
park and the interpretation of the photography. Environmental and vegetational complexity will
force additional field sampling to interpret the patterns of variability.

Depending on the complexity and distribution of the environmental gradients, there may be one
or more pilot areas selected for a park. The photography will be interpreted across the sample
areas and the sampling points will be chosen for each putative vegetation type. Areas with
unique photo signatures will need to be included as additional pilot sites. Accessibility and
sampling efficiency will be factored into the final selection of the sample areas.

Field data will be collected to develop the classification and characterization of the vegetation
within the National Vegetation Classification Standard, and to ensure the accurate mapping of
the vegetation types across the park. Each vegetation polygon will be classified to the finest
floristic level (community element), although field and imagery conditions may require a coarser
level of classification for certain vegetation types. The successful implementation of this

Executive Summary
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program will require a close working relationship between the vegetation ecologists, the photo
interpreters, and the National Park Service staff.

Based on the development of the vegetation classes and the photo signatures, a preliminary map
will be generated for the park. A map validation exercise will proceed with a new set of
stratified sampling points. Vegetation classification will occur at these points and an error
assessment will be completed on the validity of the preliminary map product. The methodology
will be refined to address any problems that are identified up to this point. The vegetation
mapping will then proceed across the park. New vegetation types will be documented as they
are encountered. The final stage of this program will be the generation of the final vegetation
map and the formal accuracy assessment that will document the positional and class accuracy of
this product.

Similar field methods have been previously used to produce vegetation maps as a component of
TNC conservation assessment and planning projects. Though the general objectives have been
consistent, the applications have varied in terms of scale, resources, types of remotely sensed
data, and desired end product. Specific mapping projects at the Gray Ranch in New Mexico and
the Yampa River in Colorado are discussed in this report.

Deliverable products from this USGS/NPS Vegetation Mapping Program will include a digital
file of vegetation maps, digital metadata files, textual descriptions, and keys to the vegetation
classes, hard-copy maps, and map accuracy verification reports.

Executive Summary
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1.0 Introduction

The National Park Service/U.S. Geological Survey (USGS/NPS) Vegetation Mapping Program
is ambitious in scope and unigue in vision. It is in response to the NPS Inventory and
Monitoring Guideline (NPS-75) and the NPS Natural Resources Management Guideline (NPS-
77). For the first time in the history of land management in the United States, this project
provides a means to map vast acreage — most National Park System units — using a single
vegetation classification and mapping standard. The U.S. Geological Survey is a partner with
the National Park Service in this project and is largely responsible for technical oversight of
protocols and methodology development as well as technical review and approval of the
vegetation maps produced.

1.1  Objectives of this Report

The NPS Vegetation Mapping Project will require the use of a consistent planning process and
field methodology to classify and map the vegetation across selected National Park Service
lands. The purpose of this report is to review the scientific basis for vegetation sampling and to
propose a standardized field methodology that will serve the objectives of this project.

This report will be reviewed by scientists, resource managers, and park management staff to
evaluate whether the proposed field methodology is appropriate for mapping and will meet the
program objectives. The review is expected to stimulate dialogue among all involved
researchers, provoke constructive feedback and comments, and ultimately help to refine the
methods to realistically meet the objectives of USGS/NPS.

1.1.1 Relationship to Other Reports in This Series

This is the second of a set of three reports that are being completed to describe the proposed
methods for the USGS/NPS Vegetation Mapping Project. The first report describes the
vegetation system proposed for the classification and mapping standard. This second report
describes the field methods that will be employed to implement an accurate vegetation mapping
process across all national parks. The third report describes the accuracy assessment methods
that will be utilized to measure the quality of the vegetation maps.

1.0 Introduction
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1.2  Structure of the Report

This report proposes a standardized planning and field methods process that will meet the
objectives of the USGS/NPS Vegetation Mapping Project.

Section 1 reviews the USGS/NPS Vegetation Mapping Program objectives and

requirements for the development and application of a standardized planning and field

methods system.

Section 2 provides the theoretical background for the standard field methods that are
proposed to meet the objectives of the National Park Service and the U.S. Geological
Survey for the Vegetation Mapping Program.

Section 3 provides an overview of the planning process and implementation of field
methods.

Section 4 provides details for the planning process.
Section 5 provides details for the field methods that will be used in the program.

Section 6 describes the collection, management, and analysis of data to build up the
NVCS and apply it to the development of vegetation maps and descriptions.

Section 7 reviews the map validation and accuracy assessment process that will be
implemented to ensure the final quality of the vegetation map.

Section 8 reviews some of the alternative technologies that may be used in the
implementation of this program, and the effect these would have on prior work.

Section 9 review the products that will be generated through this program.
Section 10 lists the authors and contributors to the report.
Section 11 lists the literature that was cited in the report.

Section 12 contains all appendixes referenced in the report.

1.0 Introduction
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1.3 Terms of the Vegetation Mapping Project

1.3.1 Project Objectives

The primary objective of the USGS/NPS vegetation mapping project is to produce high-quality,
standardized maps of the vegetation and other land cover occurring within the national parks and
environs. These maps and associated information are required to support a wide variety of
resource assessment, management, and conservation concerns. These resource assessments are
needed at the individual park as well as the regional and national levels. The use of a standard
national vegetation classification scheme and mapping protocols will facilitate effective resource
management by ensuring compatibility and widespread use of the information at multiple
geographic scales throughout the NPS as well as by other federal and state agencies.

1.3.2 Contract Requirements

1.3.2.1 Classification System

The standard classification system must be applied across all national parks. The NVCS must be
compatible with the standards being developed by the Vegetation Subcommittee of the Federal
Geographic Data Committee (FGDC) (1993).

1.3.2.2 Map Scale

Vegetation maps will be produced at the scale of 1:24,000. The size of the minimum mapping
unit is 0.5 hectares.

1.3.2.3 Map Accuracy

The vegetation maps must meet the National Map Accuracy Standards for positional accuracy,
and the minimum class accuracy goal across all vegetation and land cover classes is 80 percent.

1.3.2.4 Digital Products

The maps will be provided in both hard-copy and digital format. The field data will be provided
in an SQL-based digital database management system (DBMS). Deliverable products also

1.0 Introduction
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include a digital file of vegetation maps, a digital metadata file for each data file delivered,
textual descriptions and keys to the vegetation classes, and documentation for map accuracy
assessment.

1.0 Introduction
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2.0 Field Sampling Theory

Three areas of ecological theory should be given consideration in the sampling design for
vegetation classification and mapping: (1) the nature of vegetation as a biotic component of
ecosystems, (2) the nature of the abiotic component, and (3) the vegetation/abiotic relationships.
The treatment of these issues will effect decision making for the sampling design and the most
appropriate measurements for characterization and mapping of vegetation for the NPS/USGS
vegetation mapping program. Therefore, this section reviews specific issues in the above three
areas of ecological theory and their impact on vegetation sampling.

2.1 Nature of Vegetation

Vegetation refers to the great diversity of plant species which occur in repeating assemblages
over the face of the earth. Before attempting to inventory and map vegetation, it is necessary to
understand certain features of the nature of vegetation.

2.1.1 Definitions

It is beyond the scope and purpose of this document to provide a glossary of terms and a
comprehensive discussion of the many concepts and terms embodied in community ecology.
Instead, a few key terms and concepts essential to the program are defined and discussed. A
thorough understanding of these concepts is critical to the sampling design and vegetation
survey.

In nature, plant species are always part of an assemblage, or community of species populations
living together in the same area. A general definition of community is any assemblage of
populations of living organisms in a prescribed area or habitat. A more scientific definition of
plant community was given by Mueller-Dombois and Ellenberg (1974); "A plant community can
be understood as a combination of plants that are dependent on their environment and influence
one another and modify their own environment."”

The concept of community has been central to plant ecology, or more specifically, to plant
sociology, all through this century; consequently, a series of terms has been specially devised to
describe it. The fundamental unit of plant sociology is the plant association — a vegetation
community of definite floristic composition.
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Walter (1973) described the relationship between plants, community, and vegetation as follows:
"Plant species are the building blocks of the plant communities that together constitute the
vegetation of the different regions."

2.1.2 Community vs. Continuum

For many years, plant ecologists were divided in their opinions as to whether vegetation consists
of a series of distinct communities or whether vegetation types grade into one another (i.e.,
vegetation is a continuum). During the 1960s and 1970s, major debates resulted over the
fundamental issues of whether communities/associations were real or abstract and whether a
delimited community was a natural or artificial construct. Debate focused around F.E. Clements
(1936) view of communities as discrete "supra-organisms™ with characteristics of an individual
as opposed to H. Gleason's "individualistic" concept proposing that species responded
individually to environmental gradients. Full treatment of this debate can be found in Whittaker
(1962) and Mueller-Dombois and Ellenberg (1974). Over time, however, studies converged in
supporting Gleason's continuum/gradient concept, and it has received widespread acceptance.
Recently, Austin and Smith (1989) have reformulated the continuum concept and readdressed
the community/continuum from a new perspective. They emphasize that the two ideas are not
really dichotomous, but are based on incompatible frames of reference. This is in agreement with
the current widespread use of both classification and gradient analysis (ordination) in a single
methodology informally known as complementary analysis (Kent and Coker 1992).

Vegetation is characterized by the link between individual species distribution patterns, their
occurrence in landscape features, and the distribution of the landscape features. Therefore,
various aspects of both the continuum and the community views of vegetation complement
rather than exclude each other (Westhoff and VVan der Maarel 1978, Austin 1991). Species can
be individually distributed along gradients, unidimensional or complex, following any of the
possible models (Austin 1987, Austin and Smith 1989). The pattern of distribution of the
landscape features that control environmental factors constrain the pattern of species
combinations, their distribution in the landscape, and their frequency.

2.1.3 Vegetation Structure
The overall appearance of the vegetation is called its physiognomy (Kuchler and Zonneveld

1988). The physiognomy is used to describe the broad features of the vegetation, such as the
growth forms and/or the life form of dominant species within a plant community. Life form
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is a very important characteristic of vegetation and is used in many vegetation classification
systems.

The floristic composition of vegetation includes all species occurring within a plant community.
However, most plant communities consist of so many species that it is not practical to discover
all species within a community. It is common to use dominant species in naming plant
communities and in legends with vegetation maps.

Vegetation profile is defined as the vertical aspect of the vegetation. Stratification is the most
obvious application of the study of vegetation profile. The strata are not always horizontal, such
as epiphytic bryophyte and/or lichen layers in forests. The vertical structures of vegetation are
very important for the physiognomic aspect of the standard NVCS as well as for photo
interpretation.

A combination of physiognomy, floristic composition, and profile is essential information to
identify and describe plant communities.

2.1.4 Parameters of Vegetation Description

Community ecologists are often interested in obtaining information pertaining to a large number
of variables in a community. Much work in community ecology is motivated by a desire to
elucidate and describe patterns in the data sets, rather than formally testing a priori hypotheses
(Green 1980). This is even more true for the NPS/USGS vegetation mapping program. It is
recommended that field teams only collect the vegetation information necessary for
characterization and mapping of vegetation in parks. This objective leads to the following brief
descriptions of most common vegetation parameters recommended to be used for this program.

2.1.4.1 Species Occurrence

As mentioned above, the species component is the fundamental structure of a plant community.
A species list is an essential part of all vegetation survey activities.
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2.1.4.2 Frequency

The frequency of a species is defined as the probability of finding it within a plot when the plot
is placed on the ground. The prime requirement in estimating frequency is to use as large a
sample size as possible.

2.1.4.3 Cover

The cover of a species is defined as the proportion of ground occupied by vertical projection.
Cover is normally expressed as a percentage and the maximum cover of any one species is 100
percent. For classification purposes, the most common practice is estimation of cover in field.
There are a number of "scales” or ratings based on cover (Mueller-Dombois and Ellenberg 1974,
Causton 1988). Sampling of percentage cover is very similar in principle to the sampling of
frequency. Thus, the recommendation of having a large sample size is also applicable to cover.

2.1.5 Vegetation Dynamics: Seasonal Variations and Succession

Vegetation is a dynamic system in terms of species composition and spatial structure. Even
though the objective of the NPS/USGS vegetation mapping program is only to describe existing
vegetation patterns across national parks in both documentation and maps, it is necessary to
review and discuss the dynamic characteristics of vegetation and consider the dynamic features
when developing the sampling methods.

2.1.5.1 Seasonal Variations

Vegetation follows the seasonal variation of the radiation climate. Of particular interest here are
phenological patterns over the course of a year. Many plant communities have distinct seasonal
peaks of growth and flowering activity, and different components of the vegetation often grow at
different times of year. An extreme example of this phenomenon is an annual grassland where
live vegetation is present for only part of the year. The seasonal variation can markedly affect
spectral reflectance. On the other hand, seasonal changes can be used to differentiate between
herbaceous vegetation and woody vegetation or among different woody vegetation types with
different phenological patterns.
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2.1.5.2 Succession

Succession is the dynamic process by which population of plants replace one another over a
period of time until relative community stability is achieved. The series of successional
communities can be recognized as different stages, and each stage is treated as an existing
vegetation type once the structure and composition of the stage reaches a relatively stable state.

2.1.6 Ecotone

Even those ecologists who favor the community idea of vegetation recognize that boundaries of
communities are indistinct. They coined the word "ecotone™ to describe the area of the boundary
or the transition zone. Very often the ecotone is found to be more species-rich than either of the
communities it separates, and the ec