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Abstract
This document presents guidelines for the process of development and revisions of the floristic elements of the U.S. National Vegetation Classification.  These guidelines have been developed by the Ecological Society of America’s Vegetation Classification Panel, in collaboration with the U.S. Federal Geographic Data Committee, NatureServe, and many others.  Our objective is to advance a widely-shared common understanding of vegetation, and to improve our Nation’s capability to sustain the vast diversity of vegetation composition and structure across the U.S.  The guidelines include (1) definitions of several basic taxonomic units --- the association and alliance, (2) the requirements for field data collection and recording, (3) the identification and classification of associations and alliances, (4)  procedures for formal review and evaluation of proposed additions to and revisions of associations and alliances, and (5)  the required infrastructure for data access and management.  
Keywords: vegetation classification; vegetation association; vegetation alliance; U.S. National Vegetation Classification.

INTRODUCTION
Vegetation comprises the largest biotic component of terrestrial ecosystems, and directly or indirectly determines or influences the distribution and abundance of all other taxa and lifeforms.  Vegetation is astonishing in its complexity, and varies across time and space in physiognomy (the general external appearance of vegetation based on the gross morphology of the dominant plants), structure (the spacing and height of plants forming the matrix of the vegetation cover), and composition (the occurrence and abundance of species comprising the vegetation).  The vegetation of the U.S. exhibits extraordinary diversity and variability across the range of environments expressed, and the U.S. National Vegetation Classification (NVC) is a comprehensive effort to delineate and formally document this variability in a scientifically developed classification.
The need for a comprehensive, scientific national vegetation classification

The escalating alteration and loss of natural vegetation (for examples, see Klopatek et al. 1979 XE "Klopatek et al. 1979" , Mack 1986 XE "Mack 1986" , LaRoe et al. 1995 XE "LaRoe et al. 1995" , Mac 1999 XE "Mac 1999" ) mandates the development of this classification of the United States for effective inventory, assessment, and management of the nation's ecosystems.  Remnants of natural vegetation have become increasingly rare (Noss et al. 1995 XE "Noss et al. 1995" , Noss and Peters 1995 XE "Noss and Peters 1995" , Barbour and Billings 2000 XE "Barbour and Billings 2000" ).  Past efforts to classify the vegetation have shown that some vegetation types are now imperiled because of habitat loss or degradation, and others have disappeared entirely from the landscape without ever having been formally documented (Crumpacker et al. 1988, Grossman et al. 1994, Noss et al. 1995 XE "Grossman et al. 1994" ).  Losses of vegetation represent losses in habitat diversity, leading directly to more species being in danger of extinction (Ehrlich 1997 XE "Ehrlich 1997" , Wilcove et al XE "Wilcove et al" . 1998, Naeem et al. 1999 XE "Naeem et al. 1999" ).  Predicted changes in climate, continued atmospheric pollution, ongoing invasions by exotic organisms, and land use changes are likely to cause further unprecedented and rapid alteration in vegetation (Overpeck et al. 1991 XE "Overpeck et al. 1991" , Vitousek et al. 1997 XE "Vitousek et al. 1997" , Morse et al. 1995 XE "Morse et al. 1995" ), possibly altering existing land uses and local economies over large areas.  Widespread changes in land use have led to increased social and economic conflicts, resulting in an increasing demand for more robust and timely information about remaining natural and semi-natural environments.  
In addition to these environmental issues, a standardized classification is needed to place basic ecological and biodiversity studies in context.  A standardized classification forms the basis for consistently defining and referencing comparable units of vegetation for scientific analysis, and for development or cross-referencing of vegetation maps.  We expect that this standardized classification will play a prominent role in guiding research, resource conservation, and ecosystem management, as well as in planning, restoration activities, and in predicting ecosystem responses to environmental change.  
History of the U.S. National Vegetation Classification
The concept of a unified, nationwide vegetation classification received little support in the U.S. academic community prior to the 1990s.  Individual federal and state agencies in the U.S. charged with resource inventory or land management often required vegetation inventories or maps of public lands, both of which depend on classification to define map units.  Prior to the 1990s most of these projects were generally limited in scope and geography and tended to use divergent methods and categories (see Ellis et al. 1977 XE "Ellis et al. 1977" ) such that their various products did not fit together as components of a larger scheme.  Instead, the disparate, disconnected activities resulted in development of incompatible sets of information and duplication of effort (National Science and Technology Council 1997 XE "National Science and Technology Council 1997" ).  Nevertheless, the importance of broadly applicable systems for coordination of efforts had already become apparent during the 1970s and 80s, and some useful and geographically broad classifications were produced, including the habitat type classification of western forests by the U.S. Forest Service (Wellner 1989 XE "Wellner 1989" ) and the Cowardin classification of U.S. wetlands (Cowardin et al. 1979 XE "Cowardin et al. 1979" ).  The Society of American Foresters has historically used a practical dominance-based approach for classifying forest types in North America (Eyre 1980 XE "Eyre 1980" ), as has the Society for Range Management (Shiftlet 1994).  In addition, in the early 1980s, five federal agencies collaborated to develop an ecological land classification framework integrating vegetation, soils, water, and landform (Driscoll et al. 1984 XE "Driscoll et al. 1984" ).  
In the late 1970s, The Nature Conservancy initiated a network of state Natural Heritage Programs (NHPs), many of which are now incorporated in state government agencies.  The general goal of these programs was inventory and protection of the full range of natural communities and rare species present within the individual states.  Because inventory requires a list of the natural communities to assess, the various programs proceeded to develop their own state-specific community classification systems.  As TNC started to draw on the work of the NHPs to develop national-level priorities for community preservation and protection, the organization quickly recognized the need to integrate the disparate state-level vegetation classifications into a consistent national classification. 

In the late 1980s, the U.S. Fish and Wildlife Service initiated a research project to identify gaps in biodiversity conservation (Scott et al. 1993 XE "Scott et al. 1993" ), which evolved into what is today the U.S. Geological Survey’s National Gap Analysis Program (GAP; Jennings 2000 XE "Jennings 2000" ).  This program classifies and maps existing natural and semi-natural vegetation types of the United States on a state and regional basis as a means of assessing the conservation status of species and their habitats.  Because a common, widely-used, floristically-based classification (i.e. based the taxonomic identity of plants) was critical to this work GAP supported TNC’s effort to develop a nationwide classification (Jennings 1993 XE "Jennings 1993" ).  Collaboration between GAP and TNC led to a systematic compilation of alliance-level information from state NHPs and from the existing literature on vegetation (e.g., Bourgeron and Engelking 1994 XE "Bourgeron and Engelking 1994" , Sneddon et al. 1994 XE "Sneddon et al. 1994" , Drake and Faber-Langendoen 1997 XE "Drake and Faber-Langendoen 1997" , Weakley et al. 1997 XE "Weakley et al. 1997" , Reid et al. 1999 XE "Reid et al. 1999" ).  Then, in 1994, the U.S. Geological Survey - National Park Service (USGS - NPS) Vegetation Mapping Program (VMP) established an ambitious program that would map vast acreages — the 270 National Park System units — using a single vegetation classification and mapping standard, and it lent its support to the USNVC (Grossman et al. 1994).  With additional support from TNC (now represented by NatureServe) and other federal programs, Grossman et al. (1998 XE "Grossman et al. (1998" ) and Anderson et al. (1998 XE "Anderson et al. (1998" ) produced the first draft of what became the U.S. National Vegetation Classification (USNVC, referred to here as the NVC).  The NVC was initially populated with a compilation of described natural vegetation types taken from as many credible sources as could be found.  Although the majority of the types described were not linked to specific plot data, they were often based upon studies that used plot data, or on the knowledge of regional and state ecologists (Weakley et al. 1998 XE "Weakley et al. 1998" , Faber-Langendoen 2001 XE "Faber-Langendoen 2001" ).  

The Federal Geographic Data Committee. —In 1990 the U.S. government published the revised Office of Management and Budget Circular No. A-16 (Darman 1990 XE "(Darman1990" )3, which dictated spatial information standards.  This circular described the development of a National Spatial Data Infrastructure (NSDI) to reduce duplication of information, reduce the expense of developing new geographically-based data, and make more data accessible through coordination and standardization of federal geographic data.  The circular established the Federal Geographic Data Committee (FGDC) to promote development of database systems, information standards, exchange formats, and guidelines, and to encourage broad public access.

Interagency commitment to coordination under Circular A-16 was strengthened and urgency was mandated in 1994 under Executive Order 12906 (Federal Register 1994 XE "Federal Register 1994" ), which instructed the FGDC to involve state, local, and tribal governments in standards development and to use the expertise of academia, the private sector, and professional societies in implementing the order. Circular A-16 was revised in 2002 to incorporate the mandates of Executive Order 12906.  Under these mandates, the FGDC established a Vegetation Subcommittee to develop standards for classifying and describing vegetation which included representatives from federal agencies and other organizations.  After reviewing various classification options, FGDC proposed to adopt a modified version of the TNC classification.  During the review period, ecologists from the National Biological Survey (now a division of the U.S. Geological Survey, USGS), NatureServe, and academia discussed the need to involve the Ecological Society of America (ESA) to provide peer review as well as a forum for discussion and debate among professional ecologists with respect to the evolving NVC (Barbour 1994 XE "Barbour 1994" , Barbour et al. 2000 XE "Barbour et al. 2000" 

 XE "Barbour et al. 2000" , Peet 1994 XE "Peet 1994" , Loucks 1995 XE "Loucks 1995" ).  The FGDC Vegetation Subcommittee invited ESA to participate in the review of the physiognomic standards as well as development of the standards for the floristic levels.
The ESA Panel on Vegetation Classification — To meet the need for a credible, broadly-accepted comprehensive vegetation classification, the Ecological Society of America (ESA) joined with the U.S. Federal Geographic Data Committee, NatureServe and other collaborators to form a Panel on Vegetation Classification.  The objectives of the Vegetation Classification Guidelines drafted by the ESA Vegetation Classification Panel are to: (1) facilitate and support the development, implementation, and use of a standardized vegetation classification for the United States; (2) guide professional ecologists in defining and adopting standards for vegetation sampling and analysis in support of the classification; (3) maintain scientific credibility of the classification through peer review; and (4) promote and facilitate international collaboration in development of vegetation classifications and associated standards.  In this document the Panel articulates formal guidelines for vegetation description and classification and procedures aimed at achieving the first three of these objectives.  This document is a direct product of the collaboration of ESA, FGDC, USGS, and NatureServe to provide a comprehensive vegetation classification within the United States, and to inform the FGDC standard-setting process.
VEGETATION CLASSIFICATION IN THE UNITED STATES: CONCEPTS AND HISTORY 

The National Vegetation Classification is an outgrowth of a long history of vegetation classification in the United States, and especially in Europe.   Our goal is to provide guidelines and promote standards informed by the understanding obtained from the rich historical debates surrounding vegetation ecology, so we begin with a brief review of the fundamental concepts that shape the floristic levels of the NVC. What follows is not a comprehensive review of vegetation classification; that has been provided elsewhere (e.g., Whittaker 1962 XE "Whittaker 1962" , 1973, Shimwell 1971 XE "Shimwell 1971" , Mueller-Dombois and Ellenberg 1974, Grossman et al. 1998 XE "Mueller-Dombois and Ellenberg 1974" ).  Instead, we focus on those elements most significant to the National Vegetation Classification enterprise and particularly those most relevant to the floristic levels.

For over a century, scientists have studied vegetation to identify its compositional variation, distribution, dynamics, and environmental relationships.  In the process they have used a multiplicity of methods including intuition, knowledge of physiological and population ecology, floristic tables, and mathematical analyses to organize, partition, and interpret vegetation patterns and relationships.    
Type concepts in a world of continuous variation

Curtis (1959 XE "Curtis (1959" ) and Whittaker (1956 XE "Whittaker (1956" ; also see McIntosh 1967 XE "McIntosh 1967" ) argued that vegetation varies continuously along environmental, successional, and geographic gradients.  In addition, these workers embraced the observation of Gleason (1926 XE "Gleason (1926" ) that species respond individualistically to these gradients and that chance plays a role in the composition of vegetation (see McIntosh 1967, Nicolson and McIntosh 2002).  The necessary consequences are that typically there are no clear and unambiguous boundaries between vegetation types, and vegetation composition is not entirely predictable.    Given this perspective, vegetation types can be understood as segments  along clines of vegetation composition, with more-or-less continuous variation within and among types along biophysical gradients.  The decision as to how to divide the continuously varying and somewhat unpredictable phenomenon of vegetation into community types is necessarily somewhat subjective, often with multiple acceptable alternatives.  In many landscapes some combinations of environmental characteristics are more common than others, leading to the appearance of common vegetation types in those habitats, despite the continuously variable composition (Austin and Smith 1989).  In these cases the partitioning into types is less subjective. 
A common approach to capturing vegetation pattern across landscapes is to describe the change in floristic composition relative to specific geographic or environmental gradients such as climate and soils.  The set of techniques used to relate vegetation to known physical gradients is referred to as direct gradient analysis (Whittaker 1973).  In contrast, techniques for ordering vegetation along compositional gradients deduced from compositional similarity and independently of knowledge of the physical environment are referred to as indirect gradient analysis (Gauch 1982 XE "Gauch 1982" , Kent and Coker 1992 XE "Kent and Coker 1992" ).  Vegetational variation along direct gradients or indirect gradients can be divided to form a classification, and many researchers have "classified" or summarized vegetation into types based on gradient patterns (e.g., Whittaker 1956 XE "Whittaker 1956" , Curtis 1959 XE "Curtis 1959" , Peet 1981 XE "Peet 1981" , Faber-Langendoen and Maycock 1987 XE "Faber-Langendoen and Maycock 1987" , Smith 1995 XE "Smith 1995" ). 
In addition, many natural resource professionals and conservationists have developed type concepts and classifications in the context of a gradient-based framework (e.g., recognizing dry, dry-mesic, mesic, etc. prairie or forest types).  They have also used a “natural community” type concept to define units by various combinations of gradient criteria, including vegetation physiognomy, current species composition, soil moisture, substrate, soil chemistry, or topographic position, depending on the local or state situation (e.g., Nelson 1985 XE "Nelson 1985" , Reschke 1990 XE "Reschke 1990" , Schafale and Weakley 1990 XE "Schafale and Weakley 1990" , Minnesota NHP 1993 XE "Minnesota NHP 1993" ).  This approach often succeeds well in characterizing types along local or regional gradients, but the multiplicity of factors becomes increasingly difficult to standardize with increasing geographic scale.
Mueller-Dombois and Ellenberg (1974, p. 153) present several ideas central to the conceptual basis for classification of vegetation that simplify the complexity of vegetation. 
1. Given similar habitat conditions, similar combinations of species and subspecies recur from stand to stand, though similarity declines with geographic distance.  

2. No two stands (or sampling units) are exactly alike, owing to unpredictable events of dispersal, disturbance, extinction, and history. 

3. Taxon assemblages change more or less continuously with geographic or environmental distance
4. Stand composition varies with the spatial and temporal scale of analysis.
These fundamental concepts are widely shared, and articulating them helps us understand the inherent limitations of any classification scheme.  With these fundamentals in mind, we can better review the primary ways in which vegetation scientists and resource managers have characterized vegetation pattern to meet their needs.  
The multiple bases of classification 

Vegetation is complex, with highly variable physiognomic and composition characteristics.  Vegetation classification can be based on either or both of these elements.  Accordingly, we review here the characterizations vegetation scientists have found most useful in classifying vegetation.
Physiognomic characterization —- Physiognomy, narrowly defined, refers to the general external appearance of vegetation based on the growth form (gross morphology) of the dominant plants.  However, physiognomy is often broadened to include “structure” (the spacing and height of plants forming the matrix of the vegetation cover [Fosberg 1961]), particularly when distinguishing “physiognomic” classifications from “floristic” ones.  The basic unit of many physiognomic classifications is the formation, a "community type defined by dominance of a given growth form in the uppermost stratum of the community, or by a combination of dominant growth forms" (Whittaker 1962).  This is the approach used in the upper, physiognomic levels of the NVC.  Additional criteria for physiognomic classification commonly include (a) plant density or cover, (b) size of the dominant plants, and (c) vertical layering (e.g., single stratum, multistrata).
Physiognomic patterns often apply across broad spatial scales as they typically correlate with or are driven by climatic factors (Box 1981, Neilson 1995), whereas floristic similarities are more regionally constrained as they reflect species composition, which in turn is strongly influenced by geographic discontinuities and idiosyncratic historical factors.  Consequently, physiognomic classifications have more often been used in continental or global mapping applications, and floristic classifications in regional applications.  A variety of classifications based on physiognomy (e.g., Fosberg 1961 XE "Fosberg 1961" ) preceded the development of the widely recognized international classification published by the United Nations Educational, Scientific, and Cultural Organization (UNESCO 1973 XE "UNESCO 1973" , Mueller-Dombois and Ellenberg 1974 XE "Mueller-Dombois and Ellenberg 1974" ).  The UNESCO classification was intended to provide a framework for preparing vegetation maps at a scale of about 1:1 million or coarser, appropriate for worldwide comparison of ecological habitats as indicated by equivalent categories of plant growth forms.  

Physiognomic classifications have been used for natural resource inventory, management, and planning.  They are based on vegetation attributes that may change during stand development or following disturbance, and may have management implications for wildlife habitat, watershed integrity, and range utilization.    Physiognomic types have been used in numerous regional wildlife habitat studies (e.g., Thomas 1979 XE "Thomas 1979" 

 XE "Arno et al. 1985" , Barbour et al. 1998 XE "Barbour et al. 1998" , Barbour et al. 2000 XE "Barbour et al. 2000" ), and have also been used in conjunction with stand age and structure to assess old-growth status (e.g. Tyrrell et al. 1998 XE "Tyrrell et al. 1998" ). 

Physiognomic classifications alone typically provide a broad generalization of vegetation patterns.  However, because they lack specificity at local or regional extents, they are often used in conjunction with, or integrated into, higher-resolution classifications that rely on floristics.  In addition, physiognomic classifications are often employed in floristically rich and complex vegetation, such as tropical rain forests, where physiognomic classification of vegetation remains the most common approach (Adam 1994 XE "Adam 1994" , Pignatti et al. 1994 XE "Pignatti et al. 1994" ).  
Floristic characterization —-  Floristic characterization uses the identity of individual species and their actual or relative abundance to describe stands (i.e. relatively distinct and homogeneous extents) of vegetation.  These characterizations are usually based on records of formal field observations (“plots”), which are fundamental to the definition, identification, and description of vegetation types.  Methods range from describing only the dominant species to listing and recording the abundance of all species present in the stand (total floristic composition).  

Dominance.  One traditional way to classify vegetation is on the basis of the dominant plant species of the uppermost stratum.  “Dominance types” are typically based on the most conspicuous taxon (or group of dominant taxa) as assessed by some measure of importance such as biomass, density, height, or canopy cover (Kimmins 1997 XE "Kimmins 1997" ).  Such classes represent the lower levels in several published classification hierarchies (e.g., Cowardin et al. 1979 XE "Cowardin et al. 1979" , Brown et al. 1980 XE "Brown et al. 1980" ).    Determination of dominance is relatively easy and requires only modest floristic knowledge.  However, because dominant species often have geographically and ecologically broad ranges, there can be substantial floristic and ecologic variation within any one dominance type.  
The dominance approach has been used widely in aerial photo interpretation and mapping inventories because of its (change “its” to “due to”???) ease of application and interpretation.  With advances in remotely-sensed image acquisition and interpretation, there has been a significant increase in the success of mapping dominant vegetation types across large areas (e.g., Scott and Jennings 1998 XE "Scott and Jennings 1998" 

 XE "Belward et al. 1999" , Lins and Kleckner 1996 XE "Lins and Kleckner 1996" ).  

The term “cover type” is almost synonymous with “dominance type.”  Cover types are typically based on the dominant species in the uppermost stratum of existing vegetation.  Forestland cover types may be variously assessed by a plurality of tree basal area or canopy cover (Eyre 1980).  Similarly, rangeland cover types are typically based on those species that constitute a plurality of canopy cover (Shiftlet 1994 XE "Shiftlet 1994" ).  Although their limitations have been clearly articulated (e.g., Whittaker 1973 XE "Whittaker 1973" ), dominance types remain broadly used because they provide a simple, efficient, and useful approach for inventory, mapping, and modeling purposes.   

Total floristic composition.  In contrast to dominance types, classifications based on total floristic composition use species from all strata.  Historically, the two major approaches used in the United States have been those of Braun-Blanquet (1928, 1964; also referred to as the “Zürich-Montpellier School”, see Westhoff and van der Maarel 1973, Kent and Coker 1992), and Daubenmire (1952, 1968; see Layser 1974 and Kimmins 1997 for a comparison of the two approaches).  Both approaches use an “association” concept derived from the definition of Flahault and Schröter (1910), which states that an association is “a plant community type of definite floristic composition, uniform habitat conditions, and uniform physiognomy” (Flahault and Schröter 1910; see Daubenmire 1968 and Moravec 1993).  

Braun-Blanquet (1928 XE "Braun-Blanquet (1928" ) defined the association as characterized by diagnostic species whose relative constancy or abundance distinguish one association from another (Whittaker 1962 XE "Whittaker 1962" ). Identification of character species (species primarily restricted to a single type) was considered essential to the definition of a type, whereas differential species (species that delimit one type from others within a cluster of closely related types) defined lower taxa, such as subassociations (Moravec 1993 XE "Moravec 1993" ).  Vegetation data are recorded in vegetation plots (also referred to as relevés) in relatively environmentally uniform habitat (Mueller-Dombois and Ellenberg 1974), and comprise a comprehensive list of species and the “importance” (relative number or abundance) of each.  Patterns of diagnostic species are assessed using tables of species importance with samples and species sorted to bring similar plots and species in proximity in the table. The Braun-Blanquet approach is hierarchical and nests plant associations having common diagnostic species within progressively broader floristic units called alliances, orders, and classes (see Pignatti et al. 1994 XE "Pignatti et al. 1994" ).  
The Braun-Blanquet association concept has been narrowed as more associations have been defined, each with fewer diagnostic or character species (Mueller-Dombois and Ellenberg 1974).  Today many associations are defined using only differential species, in combination with constant species and habitat relations (Weber et al. 2000 XE "Weber et al. 2000" ).  Classifications based on the Braun-Blanquet approach continue to be widely employed outside North America (especially in Europe, South Africa, and Japan; see Mucina et al. 1993 XE "Mucina et al. 1993" , Mucina 1997 XE "Mucina 1997" , 2001 XE "Mucina 1997, 2001" , Rodwell et al. 2002, but also see Borhidi 1996 as a milestone vegetation treatment from the Western hemisphere XE "Rodwell et al. 2002" ), and are now more often applied in the U.S. (e.g., Komárková 1979 XE "Komarkova 1980" , Cooper 1986 XE "Cooper 1986" , Barbour et al. 1993, Peinado et al. 1994 XE "Peinado et al. 1994" , Nakamura and Grandtner 1994 XE "Nakamura and Grandtner 1994" , Nakamura et al. 1994 XE "Nakamura et al. 1994" , Walker et al. 1994 XE "Walker et al. 1994" , Peinado et al. 1998 XE "Peinado et al. 1998" , Rivas-Martinez et al. 1999, Spribille 2002, Stachurska-Swakon and Spribille 2002 XE "Rivas-Martinez et al. 1999" ).  

The Daubenmire approach to vegetation classification differs from that of Braun-Blanquet primarily in the primacy placed on successional status, a difference that derives in large part from the underlying objective of providing an ecological classification of land. Daubenmire (1952) purposely looked for and sampled the least disturbed and oldest plant communities ("near-climax") that he could find across a full range of environments as a basis to define "climax associations."  This was based upon the premise that a classification "based upon climax types of vegetation best expresses the potential biotic productivity of a given combination of environmental factors" (Daubenmire (1953).  In modern terms, these climax associations represent “attractors” for vegetation composition during successional development or following disturbance.  Daubenmire (1968) narrowed the definition of association to represent a climax community type and suggested the word "associes" could be used to indicate plant community types in earlier stages of succession.  Later, many authors preferred to use a different term—"community type"—for seral plant communities so as to avoid confusion between climax and seral types.  In contrast to earlier definitions of "climax", Daubenmire and Daubenmire (1968) noted that their use of the term was relative to the longevity of seral, shade-intolerant tree species and that the "climax" condition was generally achievable in 300 to 500 years.

Although the Daubenmire and Braun-Blanquet methods have strong underlying similarities (see Layser 1974), the original approach of Daubenmire (1952) was to define climax associations as floristically stable reference points for interpreting site attributes.  Conversely, the Braun-Blanquet association was intended as a “systematic” unit of classification, irrespective of successional status.  Thus, under the Braun-Blanquet approach, old fields, pastures, and forests were all described using the association concept, with no preconceptions as to how such types relate to a climax association or successional sequence.  Another fundamental difference between the Braun-Blanquet and Daubenmire approaches is apparent in forest vegetation, where the latter assigns primary weighting to diagnostic members of the predominant growth form (tree species), particularly those expected to dominate in late-successional states, and only secondary weighting to diagnostic members of the undergrowth vegetation.  Because the two methodologies rely on similar vegetation data and analysis, the units defined for late-successional vegetation under these two methods may appear similar.  However, if one considers trees and undergrowth vegetation equally in terms of total floristic composition, different types of associations could be defined for the same area, as illustrated recently by Spribille (2001). 

During the 1960s and 70s, with an emerging emphasis on natural resource management, Daubenmire’s approach of using climax associations as a conceptual framework for site classification gained preeminence in the western United States. Daubenmire’s “habitat types” represent sites that are capable of supporting the same kind of climax plant association (Daubenmire 1952, 1968 XE "Daubenmire 1978" ).  Support was provided by the US Forest Service for developing plant association and habitat type taxonomies on a systematic basis over large areas of the American West.  With millions of hectares to cover, methods were optimized for efficiency (Franklin et al. 1971 XE "Franklin et al. 1971" ).  In addition, sampling was no longer restricted to “climax” or "near-climax" stands; rather, vegetation was sampled with relevés from "late-successional" (maturing) stands across the full range of environmental conditions (Pfister and Arno 1980 XE "Pfister and Arno 1980" ).  The term "series" was introduced by Daubenmire and Daubenmire (1968) for grouping habitat types having a common climax overstory dominant species.  Associations, nested within a series, were defined by diagnostic species (identified from a synthesis of field samples) in the forest understory.  By the 1980s, more than 100 monographs had been published on habitat types of forestlands and rangelands in the western United States (Wellner 1989), and accompanying keys were provided to identify the habitat types and to infer their potential climax association (also called potential natural vegetation type).  However, it should be noted that all these efforts first classified late-successional existing vegetation associations as the starting point for inferring potential vegetation and habitat types.

Physiognomic-floristic characterization.  A classification that combines physiognomic and floristic criteria allows flexibility for characterizing a given area by both its physiognomy and composition. (Without hyphens in this subheader, this sentence stands as incomplete.)  The combined physiognomic-floristic approach uses the formation concept for the upper levels.  Formations are based on vegetation growth forms, structure and physiognomy, and incorporate some elements of climate and geography into the physiognomic units.  They are then subdivided based on floristic units, which may be based on variations of the association or alliance concepts.

Two major publications in the U.S. promoted this approach, and together they helped influence the direction of the FGDC (1997) standard.  Driscoll et al. (1984 XE "Driscoll et al. (1984" ) proposed a multi-agency ecological land classification system for the United States that consists of a combination of the physiognomic units of UNESCO (1973) and the floristic "late-successional" associations or habitat types.  Subsequently, The Nature Conservancy (TNC)  developed a combined physiognomic-floristic classification of existing vegetation titled the International Classification of Ecological Communities (now called the International Vegetation Classification; see Grossman et al. 1998 XE "Grossman et al. 1998" ), which used modified physiognomic units of UNESCO for the upper levels and the floristic alliance and association units for the lower levels (see Figure 1).  Units at all levels of the classification were developed across the United States, based on a synthesis of existing information and ecological expertise (Anderson et al. 1998 XE "Anderson et al. 1998" ).  The definition of the association was based on Flahault and Schröter’s (1910) association concept of an existing vegetation type with uniform floristic composition, habitat conditions, and physiognomy.  
Within the Braun-Blanquet school, a combined physiognomic-floristic approach is often used, if only for convenience, to organize vegetation classes by formations (e.g., Rodwell et al. 2002).  Westhoff and van der Maarel (1973) note that, as the diagnostic species used to define an association are supposed to reflect all other characters, a floristically defined association may, in many cases, be expected to be structurally uniform as well, permitting an effective integration of these two aspects of vegetation (see also Westhoff 1967).  Indeed, it may be possible to conceive of a “phytosociological formation,” in which the definitions of the formation units are informed by the floristic units they contain (Westhoff and van der Maarel 1973, Rodwell et al. 2002).
Existing vegetation versus potential natural vegetation


Potential natural vegetation is “…the vegetation that would become established if successional sequences were completed without interference by man or natural disturbance under the present climatic and edaphic conditions” (Tüxen 1956 XE "Tüxen 1956" , in Mueller-Dombois and Ellenberg 1974 XE "Mueller-Dombois and Ellenberg 1974" ).  Existing vegetation is the vegetation found at a given location at the time of observation, whether in the past (historical records or plots of vegetation) or present.  Classifications of existing vegetation and potential natural vegetation are distinct but complementary, as one portrays the current state of the vegetation, and the other portrays the composition toward which the vegetation is expected to trend over time.  
Classifying existing vegetation requires fewer assumptions about vegetation dynamics than classifying potential natural vegetation.  Emphasis is placed on the current conditions of the stand (including conditions of historic vegetation, in so far as they were observed and recorded at the time).  Classifications that emphasize potential natural vegetation require the classifier to predict the composition of mature stages of vegetation based on knowledge of the existing vegetation, species autecologies and habitat relationships, and disturbance regimes.  For this reason, sampling to identify potential vegetation types is often directed at stands thought to represent mature or late seral vegetation.  The 1997 FGDC vegetation standard, and the guidelines outlined here, pertain to existing vegetation and do not address issues related to the study of potential natural vegetation.  
Vegetation-based ecological land classification

A number of classification systems exist that include vegetation as one of several criteria for classifying ecological systems (e.g., McNab and Avers 1994 XE "McNab and Avers 1994" , Avers et al. 1994 XE "Avers et al. 1994" ), typically including soils and climate information as well. Vegetation physiognomy is often used at broad scales to help delineate biogeographic or bioclimatic regions (e.g., Loveland et al. 1999 XE "Loveland et al. 1999" ), whereas floristic information is often used at finer scales to define ecological types and delineate ecological land units (e.g. Bailey et al. 1994 XE "Bailey et al. 1994" , Cleland et al. 1994 XE "Cleland et al. 1994" ). Ecological land classification approaches typically use potential natural vegetation as one of several key elements to define ecosystem or ecological land units (Lapin and Barnes 1995 XE "Lapin and Barnes 1995" , Bailey 1996 XE "Bailey 1996" ).  The habitat type approach advocated by Daubenmire is effectively a vegetation-based site (land) classification system (Ferguson, Morgan and Johnson 1989).   These classifications have often been used to guide forest management.
The site classification approach does not provide direct information on existing, or actual vegetation, and care must be taken not to confuse this distinct goal with the study of existing vegetation.  Instead, once the ecological unit is defined, existing vegetation information may be used to characterize the current condition of the unit (Bailey 1996 XE "Bailey 1996" ).  As Cleland et al. (1997 XE "Cleland et al. (1997" :182) state, “Ecological unit maps may be coupled with inventories of existing vegetation, air quality, aquatic systems, wildlife, and human elements to characterize...ecosystems.”  Thus, vegetation classifications can play an important role in other classification approaches.  Site classifications are also used in the development of vegetation state-and-transition models (Bestelmeyer et al. 2003).
THE ESA GUIDELINES FOR THE NATIONAL VEGETATION CLASSIFICATION
The ESA Panel on Vegetation Classification recognizes the Federal Geographic Data Committee’s (FGDC XE "FGDC" ) “National Vegetation Classification Standard” (1997,2008, and subsequent revisions) as the authority for establishment of standards for a United States National Vegetation Classification.  The guiding principles established by the FGDC for the overall development of the NVC are shown in Text Box 1 (FGDC 2008 XE "FGDC 1997" ). 
The FGDC classification standard is hierarchical, with physiognomic upper levels and floristic lower levels: alliances and associations (Figure 1).  Alliances are broader, and have associations nested within them.  The FGDC established that the initial, provisional list of NVC alliances and associations would consist of the alliances and associations defined by The Nature Conservancy (FGDC 1997 XE "FGDC 1997"  Section 6.0).  The list was published in collaboration with the Natural Heritage Network (Anderson et al. 1998 XE "Anderson et al. 1998" ) and is continuously refined and improved by NatureServe (following the re-organization of The Nature Conservancy) and partners (Natureserve 2006).  Each alliance and association on the list is described in a standardized format that contains a compilation of literature and field observations (see Grossman et al. 1998 XE "Grossman et al. 1998" , page 48).  Collectively, these descriptions constitute a comprehensive summary of our knowledge of the vegetation types of the United States.  
The FGDC standard requires, however, that alliances and associations must be based on field data conforming to standard methods (FGDC 1997, Sections 5.3 and 7.1), and that the types will be defined so as to meet standard criteria for acceptance.   Accordingly, the ESA Vegetation Classication Panel proposes developing the floristic levels of the NVC as an iterative process; existing alliances and associations will be continuously evaluated and revised as new data are obtained and better understanding is achieved.  We herein propose the field data standards and the standard criteria for acceptance.  We propose that revisions to the list of accepted alliances and associations and supporting documentation be based on: a) standardized field observations, b) standardized type descriptions, c) peer-review, and d) permanent archiving of the data and analyses.  Each of these criteria is summarized briefly below and developed fully later in this document. Each of these recommended guidelines has now been incoporated into the FGDC 2008 staandard.  This document provides the historical development and scientific bases for those standards.  A separate paper that focuses on the core scientific bases for the USNVC is also available (Jennings et al. 2008).
Standardized field observations. Vegetation associations and alliances should be identified and described following analysis of plot data that have been collected from across the range of the vegetation type and closely related types, irrespective of political and jurisdictional borders.   
Type descriptions.  Proposals for new or revised floristic units must include specific information to determine the distinctive features of the type and its relation to other recognized types.  Proposed new or revised types should not duplicate or significantly overlap existing types, but rather enhance, replace, or add to them.
Peer review.  Proposals for new and revised types need to be evaluated through a credible, open peer-review process.  

Permanent archiving.  Plot data used to define and describe an association or alliance must be permanently archived in a publicly accessible repository so as to document the basis for classification decisions, allow revisions of descriptions of established type concepts based on the original data, and provide the basis for new or revised type descriptions.  Plot data must conform to a standard schema so as to allow them to be easily reused.  Accepted proposals for addition or modification of vegetation types, as well as all supporting documentation, must be deposited in an NVC digital public archive.  
We have relied strongly on the FGDC “Guiding Principles” for association and alliance to guide our development of criteria for defining, naming, and describing these floristic units.  One caveat is that we provide guidelines only for existing natural and semi-natural vegetation, but not planted or cultivated vegetation (such as row crops or orchards).  We support the development ofseparate guidelines for cultural vegetation (see FGDC 2008).  But we take a broad view of natural and semi-natural vegetation, including natural types such as prairies and old-growth forest stands to semi-natural or modified vegetation such as agricultural lands undergoing natural succession and stands dominated by naturalized exotics.  This is keeping with the main tradition of vegetation ecology, which often defines vegetation as the cover of largely spontaneously growing plants (Westhoff and van der Maarel 1973).  There is no hard line between natural and cultural vegetation, and grey areas will need to be assessed case-by-case.  Within the broadly defined natural / semi-natural category, various instances may require additional distinction with respect to naturalness (see Appendix E of Grossman et al. 1998 XE "Grossman et al. 1998" ), but these are primarily modifiers of units based on floristic and physiognomic criteria, not land-use or other historical considerations, per se. All major terms used throughout the document are defined in the Glossary (APPENDIX A). 
THE NVC ASSOCIATION AND ALLIANCE CONCEPTS  
Association
The association is the base floristic unit of vegetation recognized in the NVC.  The earliest definition (Flahault and Schröter 1910a, 1910b) is usually translated as “a plant community of definite floristic composition, uniform habitat conditions, and uniform physiognomy”.  Since the 1910 discussion was focused on vegetation types, rather than particular stands of vegetation, some translations insert “type” after “community” to clarify that it does not refer to an individual community or stand, but to a conceptual abstraction.  Shimwell (1971:52) clarifies the “type” interpretation: “The central concept of the Association was its abstract nature, i.e. the field observer never saw an Association in the field; it was only a stand, just as a herbarium only contains specimens of species.”  Gabriel and Talbot (1984) provided numerous definitions of association, including “a recurring plant community of characteristic composition and structure.”  Curtis (1959:51, 53) defined plant community types as segments of a continuum;  “more or less similar groups of species recurring from place to place...their lack of an inherent discreteness, however, does not prohibit their orderly arrangement into groups for purposes of study and discussion.” The individual stand was defined simply as a “studiable grouping of organisms which grow together in the same general place and have mutual interactions.” The commonalities evident in most definitions include four central ideas: 1) definite floristic composition, 2) uniform physiognomy and structure, 3) uniform habitat, and 4) a recurring distribution across a landscape or region.  

Mueller-Dombois and Ellenberg (1974) recognized that “species assemblages change more or less continuously, if one samples a geographically widespread community throughout its range.”  Their phrasing highlights an important element, the variability within an association that occurs across its range.  In addition, the early recognition by Gleason (1926) that chance plays a role in the local expression of vegetation has become an important part of our understanding of vegetation composition.  Many classifications have been framed around some characteristic range of variation in composition, physiognomy, and habitat, rather than the “definite composition, uniform physiognomy, and uniform habitat conditions” of the original association definition of Flahault and Schröter (1910a, b.).  Importantly, the range of variation provides a measure of the breadth of species composition, physiognomy, and habitat that occurs within a set of field plot data used to define the association. 

Three other points should be considered:  

1. Habitat refers to the combination of environmental or site conditions and disturbances that influence the community.  Temporal variation in floristic composition due to unusual weather events and seasonal variation in phenology are acceptable variation if they do not fundamentally change species presence.  Ecological processes such as major disturbances (fire, insects, disease, grazing) and natural succession can produce different associations on the same site over time.

2. Characteristic physiognomy and habitat conditions may include fine-scale patterned heterogeneity (e.g., shrub/herb structure in semidesert steppe, hummock/hollow microtopography in bogs).  
3. Association concepts include physiognomic criteria as implied by the membership of floristic types in higher order physiognomic units of the NVC classification.

Accordingly, defining a plant association implies application of a standard set of methods for describing an ecological abstraction in order to develop a practical classification.  The result requires acceptance of a degree of variation in composition and habitat within the classification unit, the association.  As a synthesis of the above considerations, we adopt the following definition of association as the basic unit of vegetation:

A vegetation classification unit defined on the basis of a characteristic range of species composition, diagnostic species occurrence, habitat conditions and physiognomy. 
In the context of this definition, “diagnostic species” refers to any taxon or group of taxa4 whose relative constancy or abundance can be used to differentiate one type from another.  Guidelines have been proposed for the minimum number of diagnostic species required to define an association (e.g., Schaminée et al. 1993 XE "Schaminée et al. 1993" ).  A stronger case may be made for the definition of an association when there are more diagnostic species having greater constancy and fidelity.  Diagnostic species may be: (1) character species, i.e., species that are limited to a particular type, (2) a combination of species sharing similar behavior (ecological or sociological species groups), (3) or dominant species.  Occasionally, the absence of species (or groups of species) that characterize a similar type is used as a diagnostic criteria (Moravec 1993 XE "Moravec (1993)" ).  
Despite the desirability of diagnostic species for vegetation classification, it must be recognized that diagnostic species can never precisely define the line between two similar associations (see Chytrý et al. 2002).  Vegetation varies continuously and there is a stochastic element in the distribution of species, including the vagaries of dispersal, reproduction, and establishment.  Accordingly, assignment of a plot to an association or an alliance is determined by both overall composition and a characteristic range of diagnostic species occurrence or abundance.  Intermediate plots can be assigned to associations based on measures of similarity based on total floristic composition, relative occurrence or abundance of diagnostic species, or considerations of habitat and physiognomy.  Good practice requires quantitative description of species composition, diagnostic species, and other criteria that minimize ambiguity among associations.

It is possible to quantify the floristic variation found in associations (or alliances).  Mueller-Dombois and Ellenberg (1974 XE "Mueller-Dombois and Ellenberg (1974" ) suggest, as a rule of thumb, that stands with a Jaccard presence/absence index (of similarity to the most typical plot) between 25% and 50% could be part of the same association and that stands with greater levels of similarity may better define subassociations (Sorenson values may be expected to be 10% higher than Jaccard values, according to Westhoff and van der Maarel 1973).  Although it seems unlikely that a fixed numerically-based amount of acceptable variation can be used to delimit associations (or alliances), such information may indicate the relative strength of a type concept.   Important considerations may include species richness, amount of variation among stands, degree of anthropogenic alteration, and the within-stand homogeneity of the vegetation. No simple rule can be applied to all cases.
Alliance
The vegetation alliance is a unit of vegetation determined by relatively distinct floristic characteristics, with at least one strongly differential (character) species and a number of constants with broadly uniform physiognomy and shared habitat conditions. Its makeup is broader in concept than the association (more floristically variable), whose elements will share some of its common floristic features, yet it has discernable and specifiable floristic characteristics.  We define the alliance as:

A vegetation classification unit containing one or more associations, and defined by a characteristic range of species composition, habitat conditions, physiognomy, and diagnostic species, typically at least one of which is found in the uppermost or dominant stratum of the vegetation.
This definition includes both floristic and physiognomic criteria, in keeping with the integrated physiognomic-floristic hierarchy of the NVC.  It also builds directly from the association concept.   Characterizing alliances is improved if associations are fully documented within the alliance, but as a practical matter provisional alliances often need to be created and used before all the component associations can be established.  Alliances that are defined narrowly based on specialized local habitats, locally distinctive species, or differ primarily in the relative dominance of major species are to be avoided.

The NVC alliance concept differs somewhat from the concept used in the more floristically-based Braun-Blanquet approach (Braun-Blanquet 1964 XE "Braun-Blanquet 1964" , Westhoff and van der Maarel 1973 XE "Westhoff and van der Maarel 1973" ) in that the NVC alliance typically expects a greater degree of structural and physiognomic uniformity.  For example, using the Braun-Blanquet criteria, the Dicrano-Pinion alliance, which typically contains evergreen tree physiognomy, also includes common juniper (Juniperus communis) shrublands (Rodwell 1991 XE "Rodwell 1991" ).  The Vaccinio-Piceion (or Piceion Excelsae) alliance, with typically evergreen physiognomy, includes broadleaved deciduous birch (Betula pubescens) woodlands (Betulion Pubescentis alliance) (Ellenberg 1988 XE "Ellenberg 1988" , Rodwell 1991).  Nonetheless, alliances of the Braun-Blanquet system typically contain broadly uniform physiognomic and habitat characteristics comparable to the concepts and standards put forth here.  Specht et al. (1974) XE "Specht et al. (1974)"  used a similar approach to define alliances for Australia.

Many forest alliances are roughly equivalent to the "cover types" developed by the Society of American Foresters (SAF) to describe North American forests (Eyre 1980, Mueller-Dombois and Ellenberg 1974 XE "Mueller-Dombois and Ellenberg 1974"  XE "Eyre 1980" ).  In cases where the cover type is based solely on differences in the co-dominance of major species (e.g. Bald Cypress cover type, Water Tupelo cover type, and Bald Cypress-Water Tupelo cover type), the alliance may be broader than the narrowly defined SAF cover types, or recombine them in different ways based on floristic and ecologic relationships.  In cases where the dominant tree species extend over large geographic areas and varied environmental, floristic, or physiognomic conditions, the alliance may represent a finer level of classification than the SAF cover type.  In these situations, diagnostic species may include multiple dominant or co-dominant tree and understory species that together help define the physiognomic, floristic, and environmental features of an alliance.  For example, the wide ranging Jack Pine forest cover type (Eyre 1980, No. 1) may include at least two alliances: a more closed, mesic jack pine forest type and a more xeric, bedrock woodland type.  
The alliance is also somewhat similar in concept to the "Series" widely used in the western United States for grouping habitat types (sites) dominated by the same climax tree species, following the basic Daubenmire (1952) approach (Pfister and Arno 1980).  For stands of an association where the potential climax species has attained a dominant position, the identified series may be named identically to the alliance, but the series is a site classification, not a vegetation classification.  For those stands of an association where the potential climax species is currently subordinate to a dominant seral species, the identified series and alliance would likely be different.  Alliances of the NVC are based only on existing vegetation, with units defined by overall floristic similarity, regardless of potential climax status.
NVC FIELD PLOTS
NVC alliance and association units are described and recognized through the use of plot data (see guiding principles in Text Box 1, and the discussion of field plot records below).  Adherence to common guidelines for recording field plots is critically important for the development of a scientifically credible NVC.  Data collected in compliance with such guidelines will allow accurate, consistent, fully repeatable recognition, description, and comparison of vegetation.  The information that needs to be collected in the field is discussed below and is listed in Appendix B.   Appendix B distinguishes between those data fields that are minimally required for classification and those data fields that reflect best practice and are optimal.  In addition, formal data structure and exchange schema are critical for integrating data sets (see Supplement 1.  Sample plots that conform to the NVC guidelines are referred to as “classification plots.” 
Three types of data are needed for effective vegetation classification: vegetation data, site data, and metadata.  Of these, vegetation data on floristic, structural, and physiognomic composition must meet especially strict criteria.  Site, or habitat data, such as soil attributes, topographic position, and disturbance history, are also important.  However, since the environmental variables most significant to the vegetation of a plot in one region may be insignificant in another region, the selection of such variables is less amenable to standardization.  Overall, it is the quality of the vegetation data, more than the site data or metadata, that determines whether a plot will be useful in the NVC.

This section is not intended to serve as a definitive guide to recording and describing vegetation for all purposes; discussion of these issues can be found elsewhere (e.g., Mueller-Dombois and Ellenberg 1974 XE "Mueller-Dombois and Ellenberg 1974" , Kent and Coker 1992 XE "Kent and Coker 1992" , Jongman et al. 1995 XE "Jongman et al. 1995" ). Investigators may have a variety of objectives besides classification when collecting plot data including, for example, documentation of ecological patterns and processes, assessment of vegetation structure, assessment of long-term change and human impacts, determination of targets for restoration, and validation of remote-sensed data.   The NVC will be created from vegetation samples amalgamated from a variety of studies with different objectives, and the guidelines are intended to accommodate as broad a variety of vegetation sampling designs as is consistent with our objectives.  This section identifies the critical data that must be collected and the major issues that must be considered when collecting vegetation plot data for the purpose of developing or supporting the NVC.   
Stand selection and plot location
Stand selection — Selection of stands (contiguous areas of vegetation that are reasonably uniform in physiognomy, floristic composition, and environment) should be made by either preferential (subjective) or representative (objective) means, or some combination of these (sensu Podani 2000 XE "Podani 2000" ).  With preferential methods, stands should be selected based on the investigator’s previous experience, and stands that are “degraded,” “atypical,” or redundant should be rejected.  A stand selected for sampling must be typical of the vegetation of which it is a part, and each plot recorded is expected to yield a more or less typical description in terms of both floristic composition and physiognomy (Werger 1973 XE "Werger 1973" ).  With representative selection, stands are selected via a simple random, stratified random (including the stratified sampling of Peet 1980 XE "Peet 1980" , or the gradsect technique of Austin and Heyligers 1991 XE "Austin and Heyligers 1991" ), systematic, or semi-systematic method (Podani 2000 XE "Podani 2000" ).  As for preferential methods, sample plots are considered representative of the range of vegetation from which the samples are drawn.   Preferential methods are subject to investigator bias, and care must be taken by the investigator to ensure representativeness.  The representative method, however, may miss or under-sample rare and unusual types.  Consequently, it is often necessary to supplement representative sampling with plots from rare or unusual types encountered in the course of field work.  When working in highly modified landscapes, preferential selection is often the only practical way to assure that reasonably natural vegetation is adequately observed and sufficiently understood to be compared to other vegetation.  Stratification of a landscape into a priori units within which plots are randomly located represents a hybrid approach and is often the preferred method.
According to investigator objective, stand selection may be limited to a subset of the vegetation present in an area. Many studies focus only on natural vegetation, including both naturally disturbed, and various successional stages of vegetation.  Others focus exclusively on late-successional or mature natural vegetation.  However, in principle, the NVC applies to existing vegetation, regardless of successional status, from pristine to highly disturbed.  Criteria used to select stands should be thoroughly documented in the metadata (how, when, and where the plot data were collected and who collected them --- see Tables 2.1-2.6 of Appendix B).  
Plot location — Following stand selection, a plot or series of plots should be located within all or some subset of stands.  Each plot should represent one entity of vegetation in the field; that is, a plot should be relatively homogeneous in both vegetation and habitat and large enough to represent the stand's floristic composition.  Specifically, plots should be large enough and homogeneous enough that the relative importance of the dominant species observed within the plot is comparable to that of the surrounding stand.  The requirement for homogeneity can be met as long as obvious boundaries are avoided and broadly uniform floristic or structural features are maintained (Rodwell 1991 XE "Rodwell 1991" ).  Decisions about plot placement and homogeneity must be included in the metadata.  

Vegetation can be homogeneous at one scale and not at another.  Some within-plot pattern is inevitable; small gaps occur within forests owing to the death of individual dominants, and bryophytes and herbs can reflect substrate heterogeneity such as occurrences of rocks or logs. Moreover, forests or rangelands examined at a scale of many kilometers can contain homogenous patches of differing age or disturbance history.  For the purposes of the NVC the field worker should seek homogeneity based on the overall floristic and physiognomic structure of the stand, with an eye to changes in the the dominant stratum and environmental setting.  Plots can be placed anywhere within such stands. 

The floristic composition and structure of a plant community will vary not only in space but also in time.  Seasonal changes, even during the growing season, can be dramatic in some types of vegetation.  Large shifts in floristic composition over one to several years can occur in response to unusual weather conditions or fire.  Some forest types (e.g., mixed mesophytic forests) may have a diverse and prominent, but ephemeral, spring flora.  Some deserts have striking assemblages of annuals that appear only once every few decades.  Although plot records for the NVC are based on the existing vegetation at the time of observation, plots that are known or expected to be missing a substantial portion of the likely flora must be so annotated to enable future analysts to properly interpret the data.  Repeated inventories may be made over the course of a season to fully document the species in the plot.  Practically speaking, these intra-annual repeat visits (which should be documented as such) can be treated as multiple visits to the same plot and recorded as one plot observation record with the start and end date noted.  Conversely, multiple visits over a series of years should be treated as separate plot observations (Poore 1962 XE "Poore 1962" ).  
Plot design
One of three variations in sampling should be used for recording vegetation for the NVC: (a) single large plots where the information recorded is taken from the entire plot; (b) subplots, where the information recorded is taken from a set of smaller subsamples distributed within the stand;  and (c) hybrid designs where the size and number of plots depends on the stratum being sampled.  Each method has its own requirements and advantages.  

Data taken from an entire large plot — This is an efficient, rapid method for collecting floristic and physiognomic data for classification.  This approach permits statistical assessments of among-stand variation, but not within-stand variation.

Recommended plot size varies, depending on the structure of vegetation (the size of individual plants, spacing, number of vertical layers, etc).  Plots should be small enough to remain relatively uniform in habitat and vegetation, yet large enough to adequately represent the vegetation being sampled such that an increase in plot area yields few new species within the stand.  Plots should exhibit stable measures of abundance for at least the dominant species (van der Maarel 2005; see Moravec 1973 for a method of mean similarity coefficients XE "Mueller-Dombois and Ellenberg 1974" ).  Plots larger than this are acceptable, but plots that are too small to represent the stand’s composition and structure are not adequate for developing a vegetation classification.  Across all vegetation types, plot sizes can range from 10 m2 to 10,000 m2, typically increasing with height and complexity of the growth forms.  For grasslands, shrublands, and scrub/herb wetlands, we recommend plots between  100 and 200 m2, for temperate hardwood or conifer forests, and tropical dry forests we recommend plots of between 200 and 1,000 m2, whereas in many tropical moist forests, plots between 1,000 and 10,000 m2 are recommended.  Desert and other arid-zone vegetation, due to the sparse distribution and cover of plants, requires large (1,000 m2 or more) plots (McAuliffe 1990 XE "McAuliffe 1990" ).  These recommended plot sizes typically satisfy minimum area calculations (Table 1.2 in van der Maarel 2005).  
We do not specify or recommend any particular plot shape; in fact, plot shape may need to vary depending on stand shape (e.g., riparian stands tend to be linear).  Whenever possible, plot size and shape should be kept constant within a study.  Issues of efficiency in plot layout most often dictate the plot shape employed by an investigator.

Data taken from a set of smaller subplots —  Data may be collected from multiple subplots within a stand as an alternative to a single large plot.  This approach yields data that can be used to assess internal variability within a stand and to more precisely estimate the average abundance of the common species across the stand.  It is often used to measure treatment responses or evaluate other experimental manipulations of vegetation.  This method is inappropriate for measures of species number per unit area larger than the subplot, but can be helpful for assessing the relative variation within and among stands, as long as a sufficient number of subplots from the same stand are aggregated into a single plot. 

Investigators using the multiple small plot methods may locate their subsample units randomly or systematically within the stand.  The observation unit can be a quadrat, line-transect or point-transect, and can be of various sizes, lengths, and shapes.  Quadrats for ground layer vegetation typically range from 0.25 to 5.0 m2 and anywhere from 10 to 50 quadrats may be placed in the stand, again, either randomly or systematically.  
When deciding between multiple subplots and a single large plot it is important to consider the tradeoff between the greater precision of species abundance obtained with smaller, distributed subplots versus the more complete species list and more realistic assessment of intimate co-occurrence obtained using the single large plot.  A major disadvantage of relying solely on subplots to characterize the stand is that it requires a large number of small sample units to adequately characterize the full floristic composition of the stand.  Typically, even though subplots may be collected over a large portion of the stand, the total area over which data are recorded may be smaller than if the investigator used a single large plot (e.g., 50 one m2 quadrats dispersed in a temperate forest stand will cover 50 m2, whereas a single large plot would typically cover 100-1000 m2).  Yorks and Dabydeen (1998 XE "Yorks and Dabydeen (1998" ) described how reliance on subplots can result in a failure to assess the importance of many of the species in a plot.  Consequently, whenever subplots or transects are used to characterize a stand, we strongly recommend that a list of “additional species present” within a larger part of the stand, such as some fixed area around the subsamples, be included.  The classic Whittaker plot contains 25 one m2 subplots plus a tally of additional species in the full 1000 m2 macroplot, and the California Native Plant Society protocol incorporates a 50 meter point transect supplemented with a list of all the additional species in a surrounding 5 x50 m area (Sawyer and Keeler-Wolf 1995 XE "Sawyer and Keeler-Wolf 1995" ). 

Hybrid approaches.   Hybrid methods can combine some of the advantages of the two approaches.  Multiple large subplots (e.g., > 200 m2 in a forest) can be established to assess internal stand variability.  The plots are sufficiently large that, should variability between plots be high, the plots could be classified separately as individual plots.  A different strategy is for plots of differing sizes to be nested and used for progressively lower vegetation strata, such that plot size decreases as one moves from the tree layer to the shrub and herb strata owing to the generally small size and greater density of plants of lower strata.  (The verb tense of the last sentence is awkward, and the overall sentence is unclear.)  Although efficient with respect to quantitative measures of abundance, especially for common species, this method risks under representing the floristic richness of the lower strata, which are often more diverse than the upper strata.  This problem can be ameliorated by listing all additional species found outside the nested plots but within the largest plot used for the upper layer.  Again, the fundamental requirement is that the plot methods provide an adequate measure of the species diversity and structural pattern of the vegetation for the purposes of classification. 

Because vegetation pattern and its correlation with environmental factors can vary with plot size (see Reed et al. 1993 XE "see Reed et al. 1993" ), no one plot size is a priori correct, and it can be desirable to record vegetation across a range of different plot sizes.  The widely applied 1000 m2 Whittaker (1960 XE "Whittaker (1960" ) plots and 375 m2 Daubenmire (1968) XE "Daubenmire (1968)"  plots contain a series of subplots for herbaceous vegetation. More recently a number of investigators have proposed protocols where multiple plot sizes are nested within a single large plot (e.g., Naveh and Whittaker 1979 XE "Naveh and Whittaker 1979" , Whittaker et al. 1979, XE "Whittaker et al. 1979,"  Shmida 1984 XE "Shmida 1984" , Stohlgren et al. 1995 XE "Stohlgren et al. 1995" , Peet et al. 1998 XE "Peet et al. 1998" ).  These methods allow documentation of species richness and co-occurrence for a broad range of plot sizes smaller than the overall plot.  Typically, they have the added advantage of documenting all vegetation types at several consistent scales of resolution, thereby assuring compatibility with many types of plot data. 
Physiognomic Growth Form and Structure
Vegetation data are complex, with both physical or structural and taxonomic components.  To simplify our presentation we first present concepts and definitions of vegetation physiognomy, structure, and cover.  NVC guidelines for recording these data follow in subsequent sections. 
Vertical structure and physiognomy of vegetation —  Data on vegetation structure and physiognomy are needed to relate associations and alliances to the physiognomic and structural categories of the FGDC (1997) hierarchy.  Physiognomy is the external or overall appearance of vegetation (Fosberg 1961, Daubenmire 1968, Barbour et al. 1980).  In this sense physiognomy is the result of the growth forms of the dominant plants along with vegetation structure (Mueller-Dombois and Ellenberg 1974, Barbour et al. 1980).  Growth form includes gross morphology, leaf morphology, and phenological phenomena (Barbour et al. 1980).  Vegetation structure relates to the spacing and height of plants forming the matrix of the vegetation cover.  Structure is a function of plant height, stratification into layers, and horizontal spacing of plants (Mueller-Dombois and Ellenberg 1974).  The physiognomy and structure of plots have historically been characterized by variety of methods.  To be of value as a classification tool for the NVC, the description of physiognomy and structure must be standardized to permit consistent comparisons among data sets.

Stratum versus growth form.  When characterizing vegetation structure, the related concepts of growth form, size class, and stratum should be carefully distinguished.  “Growth form” is a description of the ecological morphology of mature individuals of a species.  For example, a tree may be defined as a woody plant with a single dominant stem, generally taller than 5 m at maturity.  A needle-leaved tree is a specific tree growth form based on leaf type.  A seedling of a tree species is still a tree growth form, even if only a few centimeters tall.  Appendix E lists commonly recognized growth forms of plant species.  “Size class” refers to the size of individual organisms, not the size of the mature individuals of that species.  The above use of the terms “seedling” is an example of a size class commonly recognized in woody plants. We outline the characterization of growth forms within strata, as well as size classes within growth forms, and show how the two approaches are fairly compatible (see “Data conversion” below).

As used by the NVC, a stratum is a layer of growing vegetation defined primarily on the basis of the height of the plants, and secondarily their growth forms (Figure 2).  By convention, each stratum is named for the typical growth form that occupies that layer of vegetation.  For example, the tree stratum is the zone of woody vegetation generally occurring above 5 m in height.  However, tree saplings generally occupy the shrub stratum, and tall shrubs may occur in the tree stratum as well.  Herb growth forms, however, are always placed in the field stratum regardless of their height, unless they are epiphytic.   Ground-level non-vascular species are placed in their own ground stratum.  Individual plants are assigned to a stratum based on their predominant position or height in the stand, and for herbs and non-vascular plants, their growth form.  A plot having mature trees, seedlings, and saplings of the same species would include records of that species as occurring in tree and shrub strata, and possibly in the field stratum.  
Cover.  Cover is a meaningful measure of abundance for nearly all plant life (Mueller-Dombois and Ellenberg 1974).  Percent cover can be defined generically as the vertical projection of the crown or shoot area to the ground surface, expressed as a percent of the plot area (Mueller-Dombois and Ellenberg 1974).  The use of crown or shoot area results in two definitions of cover as follows:

Canopy cover:  the percentage of ground covered by a vertical outermost perimeter of the natural spread of foliage of plants (SRM 1989).

Foliar cover: the percentage of ground covered by the vertical portion of plants.  Small openings in the canopy and intraspecific overlap are excluded (SRM 1989).  Foliar cover is the vertical projection of shoots, stems and leaves.

Canopy cover is the recommended method of collecting cover because it better estimates the area that is directly influenced by the individuals of each species (Daubenmire 1968).  Canopy cover, or canopy closure, is easier than foliar cover to estimate from aerial photos and is more likely to correlate with satellite image analysis.  A classification based on canopy cover is better suited for mapping vegetation than one based on foliar cover.  Percent cover has been widely accepted as a useful measure of species importance that can be applied to all species.  Cover values are relatively rapid, reliable, and, for the purposes of vegetation survey and classification, they accurately reflect the variation in abundance of a species from stand to stand (Mueller-Dombois and Ellenberg 1974).
NVC Strata — In terrestrial environments, four basic vegetation strata should be recognized whenever they are present: tree, shrub, field (or herb), and ground (or moss, in the sense of Fosberg’s 1961 layer of mosses, liverworts, lichens, and algae).  In aquatic environments, floating, and submerged strata should be recognized where present.  These six strata are needed to convey both the vertical distribution of overall cover and the predominant growth forms, and help to place a plot within the NVC hierarchy.  Additionally, they are used to convey the abundance of each species in each stratum so as to provide a more detailed record of vegetation composition by strata (see below).  The six strata are defined as follows:

Tree stratum:  the layer of vegetation where woody plants are typically more than 5 m in height, including mature trees, shrubs over 5 m tall, and lianas.  Epiphytes growing on these woody plants are also included in this stratum.  The contribution of each growth form (trees, shrubs, etc.) to the tree stratum can be specified using the growth form terms in Appendix E.

Shrub stratum:  the layer of vegetation where woody plants are typically more than 0.5 m tall but less than 5 m in height, such as shrubs, tree saplings, and lianas.  Epiphytes may also be present in this stratum.  Rooted herbs are excluded even if they are over 0.5 m in height, as their stems often die back annually and do not provide a consistent structure.

Field (or Herb) stratum:  the layer of vegetation consisting of herbs, regardless of height, as well as woody plants less than 0.5 m in height.  

Ground (or Moss) Stratum:  the layer of vegetation consisting of non-vascular plants growing on soil or rock surfaces.  This includes mosses, liverworts, hornworts, lichens, and algae. This stratum is sometimes called the “nonvascular stratum.”
Floating aquatic stratum: the layer of vegetation consisting of rooted or drifting plants that float on the water surface (e.g., duckweed, water-lily).  

Submerged aquatic stratum: the layer of vegetation consisting of rooted or drifting plants that by-and-large remain submerged in the water column or on the aquatic bottom (e.g., sea grass).  In aquatic environments the focus is on the overall stratal arrangement of these aquatic plants.  Emergent plant growth forms in a wetland should be placed in the appropriate strata listed above (e.g., alder shrubs would be placed in the shrub stratum, and cattails and sedges in the herb stratum).  

Epiphytes, vines and lianas are not typically treated as separate strata; rather, they are treated within the strata defined above, but can be distinguished from other growth forms within a stratum using the growth form data field (see Appendix B).  

Strata may be further divided into substrata.  For example, the tree stratum may be divided into canopy trees and subcanopy trees; the shrub stratum may be divided into tall shrubs and short shrubs; and the field stratum may be divided into dwarf-shrub and herb or further into forb and graminoid.  Such subdivisions of the main strata serve to illustrate how the layers of vegetation are based on both the vertical position and the growth form of the vegetation.  Substrata should always nest within rather than span the six standard strata defined above.  

For each stratum, the total percent cover and the prevailing height of the top and base of the stratum should be recorded.  The cover of the stratum is the total vertical projection on the ground of the canopy cover of all the species in that stratum collectively, not the sum of each individual species’ covers.  The total cover of the stratum will, therefore, never exceed 100%.  The best practice for recording the overall canopy cover of strata is to record percent cover as a continuous value; however, it may be estimated using categorical values of, for example, 5-10% intervals, or another recognized cover scale (see below).

The percent cover of the three most abundant growth forms in the dominant or uppermost strata should also be estimated directly in the field, though they can also be estimated by assigning each species to a particular growth form (see APPENDIX E for a list of growth forms).  For example, in addition to total cover estimates for all trees in a stand dominated by the tree stratum, separate cover estimates of the dominant growth forms (e.g., deciduous broadleaf trees, needleleaf evergreen trees) should be made.  These estimates will help place the plot within the physiognomic hierarchy of the NVC.

Data conversion between growth-form-by-strata and growth-form-by-size-class.  Vegetation sampling may record structure according to growth forms by strata, or by growth forms by size class.  For NVC classification plots, vegetation structure can be provided using either of these approaches.  When converting data of vegetation structure between the two approaches, it is best if the categories can be readily converted to the strata criteria defined above.  This can be readily accomplished by using a few basic size classes in conjunction with the growth form by size class approach.  Table 2a shows a cross tabulation among some common growth form categories and the common strata categories, and Table 2b provides a method for cases where species or growth form cover values must be composited to provide a single cover estimate for a given stratum.

Floristic composition 
There are two primary requirements for vegetation compositional data: (1) a list of taxa present in each sample, and (2) an estimate of the abundance of each taxon recorded by canopy cover.

Species list — For field plots used to classify vegetation, measurements should be designed to detect and record the vascular plant species composition of the plot.  A record of nonvascular species is expected in vegetation where nonvascular species are dominant.  As a minimum standard, only one field visit is required.  Generally, plots should be recorded only when the vegetation is adequately developed phenologically so that the prevailing cover of each species can be assessed.  However, some plant species may not be visible in certain seasons (e.g., spring ephemerals) or may be unreachable (e.g., epiphytes, cliff species), and thus not identifiable.  All reasonable efforts should be made to ensure that the occurrence of such species is at least noted.

The phenological aspects of vegetation exhibiting clear seasonal changes in composition must also be noted (e.g., young grasses, whose abundances may be underestimated in late spring).  In cases where phenological changes are pronounced (especially among dominants), repeat visits are recommended.  If a repeat visit at another phenological period reveals a higher cover value for a species, that value should be used in analyses.  In such cases, the plot data should indicate the range of dates.  Methods for recording data from repeat visits can be found in the NVC vegetation plots database (http://www.vegbank.org), which supports both multiple observations of a plot and a range of dates for a single observation period.  It is important not to integrate data from repeat visits when there has been an intervening disturbance.
At a minimum, plots must include a comprehensive list of all vascular plant taxa visible in the plot at the time of sampling together with an assessment of the cover of each.  A conscientious effort should be made to thoroughly traverse the plot to compile a complete species list.  Nonvascular plants (e.g., bryophytes and lichens) should be listed where they play an important role (e.g., peatlands, rocky talus).  We recommend, but do not require, that a list of additional species found in the stand that are near but outside the plot also be compiled.  These species should be clearly distinguished from those inside the plot, in order that diversity estimates for the plot (or area) not be inflated.
All plant taxa should be identified to the finest taxonomic resolution possible.  For example, variety and subspecies level determination should be made routinely where appropriate.  Plant names have different meanings in different reference works, and it is imperative that the meaning of each name be conveyed by reference to a standard authoritative work (see the section on botanical nomenclature below).  In lieu of an authoritative work, an investigator may specify an authoritative list such as Kartesz (1999 et seq.), though this should be done cautiously to avoid inadvertent misidentifications.  Currently Kartesz (1999) is the basis for (but slightly different from) the list of plant names maintained by USDA PLANTS (2006, version 4.0) database as a taxonomic standard.  If using USDA PLANTS as an authority, it is imperative that the version and date of access be provided.
Species by strata or growth form — It is best practice to assign the individuals of a species to the stratum or strata in which they are found, or to a specific growth form (Tables 2, 4, 5a, 5b).  Not all plant species will fit clearly into the recognized strata or growth form categories, but the purpose of categorizing species is to document vegetation structure and describe the composition of the most visible strata or dominant growth forms of the stand.  Although a species may occur in more than one stratum because of differences in size among individuals, an individual should be assigned only to the single stratum in which the majority of its leaf area occurs.  In a given plot, a species usually belongs to one growth form and its variation in size can be described using size classes.  When species cover has been recorded by a growth form and size class (such as seedling or pole size classes of a tree growth form) these values may be assigned to strata using the crosstabulation shown in Table 2.  These assignments will typically be sufficient for both describing the main physiognomic and structural features of a plot and for placing the plot within a formation or other physiognomic unit.
Species abundance by cover — To quantitatively characterize the vegetation composition, total cover should be recorded for all species in the plot.  In addition, separate cover estimates should be provided for each species in each of the strata in which it occurs (Table 5).  Recording species cover by strata provides a three-dimensional view of the vegetation and facilitates the interpretation of physiognomic and floristic relationships within the FGDC hierarchy.

  Species cover values within strata must be recorded relative to the entire plot rather than relative to the total cover for a stratum (e.g., if a species with a plotwide cover of 50% forms a monospecific stratum, the within-stratum cover value for that species is recorded as 50%, not as 100% of the stratum).  Cover can be converted from absolute to relative cover at a later stage, as fits the needs of the investigator.  
Cover scales — Use of cover classes instead of continuous percent cover can speed up fieldwork considerably.  A practical cover scale should be approximately logarithmic, in part because humans can discern doublings better than linear units (e.g., it is easier to tell the difference between 1 and 2% cover than between 51 and 52%).  In addition, many species are relatively sparse across all stands and small differences in their cover may be particularly important for classification.  Generally, if cover-class scale determinations are repeatable to within one unit when used by trained field workers, the precision being required is in balance with the accuracy that can be achieved.  Table 3 provides a comparison of widely used cover-abundance scales.  Among these, the Braun-Blanquet (1932 XE "Braun-Blanquet (1932" ) scale, which has been extensively used for vegetation classification (Mueller-Dombois and Ellenberg 1974 XE "Mueller-Dombois and Ellenberg 1974" , Kent and Coker 1992 XE "Kent and Coker 1992" ), has a set of cover class boundaries at:  “few” (between 0 and 1%), 5%, 25%, 50%, and 75%.  It provides a common minimal set of cover classes acceptable for classification.  Any scale used for collecting species cover data needs to be convertible to this common scale by having boundaries at or near 0-1%, 5%, 25%, 50%, and 75%.  By this criterion, the North Carolina (Peet et al. 1998 XE "Peet et al 1998" ) and Krajina (1933 XE "Krijana (1933" ) cover class systems are ideal in that they can be unambiguously collapsed to the Braun-Blanquet (1932) standard.  The Daubenmire (1959), Pfister and Arno (1980) and New Zealand (Allen 1992, Hall 1992 XE "Allen 1992, Hall 1992" ) scales are, for practical purposes, collapsible into the Braun-Blanquet (1932) scale without loss of data integrity.  The Domin (1928) XE "Domin (1928)" , Barkman et al (1964 XE "Barkman et al (1964" ), and USFS Ecodata (Hann et al. 1988, Keane et al. 1990) XE "Bourgeron et al., 1991"  scales all are somewhat discordant with the Braun-Blanquet (1932) standard.

When recording species cover in a plot, any species noted as being present in the stand, but not found in the plot, should be assigned a unique cover code, so that these species can be identified as not part of the plot itself.

Other measures of species importance — In vegetation samples collected for other objectives, species importance may be measured as density (number of individuals), frequency (percentage of quadrats or points having a species present), biomass, basal area, absolute canopy cover, or some weighted average of two or more importance measures.  For data sets having measures of species importance other than cover, but which are otherwise acceptable for classification, it may be possible to calculate an estimate of cover.  For example, for trees this may be derived from individual stem measurements or from basal area and density.  For forbs and graminoids this may be derived from air-dried weight or measures of biomass.  The methods used for this conversion, including appropriate calibration techniques, should be thoroughly documented.   In samples collected for the NVC, such supplemental measures of importance may add value to the data, but are not required.
In North America, tree species abundance has often been assessed using individual stem measurements, basal area totals, or density.  Nonetheless, cover is a requirement for trees because by using cover it is possible to look at the abundance of all species across all strata and to assess relationships between and among the strata.  However, it can be difficult to accurately estimate cover of individual tree species in large plots (e.g., > 500 m2).  In such cases, basal area and stem density measures can be used to supplement cover data.  In addition, these data will allow comparisons with a wide variety of other forest plot data.  For these reasons, collection of basal area and density (preferably by size class) for tree species is encouraged when such conditions are encountered.  
Environmental data — Physical data provide important measures of the abiotic factors that influence the structure and composition of vegetation (see Tables B1.4 and B1.5 of APPENDIX B. For classification purposes, a select set of basic and readily obtainable measures is highly desirable.  Physical features of the stand include elevation, slope aspect, slope gradient, topographic position, landform, and geology.  Desirable soil and water features include soil moisture, drainage, hydrology, depth of water, and water salinity (where appropriate).  The soil surface should be characterized in terms of percent cover of litter (including dead stems < 10 cm), rock, bare ground, woody debris (dead stems > 10 cm), live woody stems, nonvascular plants, surface water, and other physical objects (see Table B1.4 of APPENDIX B.  Total surface cover estimates should always add to 100%.  Habitat and stand conditions should be described, including landscape context, homogeneity of the vegetation, phenological expression, stand maturity, successional status, and evidence of disturbance.  Constrained vocabularies have been developed for these data fields (APPENDIX C) and plot data should conform to these vocabularies so as to facilitate data exchange and comparability.
Geographic data — All plot records must include geocoordinates in the form of latitude and longitude in decimal degrees as per the WGS 84 datum (also known as NAD83; see EUROCONTROL and IfEN 1998). Data that were originally collected following some other system (e.g., UTM coordinates with the NAD27 datum) should include the original data.  These original data should include N and E coordinates, the datum or spheroid size used with the coordinates, and the projection used, if any.  Geographic data should include a description of the method used to determine the plot location (e.g., estimated from a USGS 7.5 minute quadrangle, use of a global positioning system).  An approximation of plot location accuracy should be in the form of an estimate that the plot origin has a 95% or greater probability of being within a given number of meters of the reported location.  Additionally, it may be useful to provide narrative information for plot relocation (see Table B1.3 of APPENDIX B
Metadata — Metadata are needed to explain how the plot data were gathered (see Tables B2.1-B.6 of APPENDIX B).  All field plot metadata must include a project name and project description.  The approach used in selecting the plot location should be recorded as narrative text.  Metadata on plot layout should include the total plot area in m2 and the size of the homogeneous stand of vegetation in which the plot was located (see Table B1.3 of APPENDIX B).  Plot metadata should include whether the plot type is entire or made up of subplots.  If the plot is made up of subplot observations, the total area of the subplots, not including the spaces in between the subplots, should be specified (see Table B2.2 of APPENDIX B).  Canopy cover method and strata method used must be included in the metadata, as should the name and contact information of the lead field investigators.  Metadata can be readily generated if the plot data exist within the VegBank XML schema discussed in the data section of this paper and in Supplement 1. A digital photographic record of the plot is highly desireable. 
Legacy data — Legacy data are plot data collected prior to the publication of these guidelines or without any documented effort to comply with these guidelines.  Given that vegetation plot data collection has been going on in the United States for over a century, legacy data may contribute substantially to the improvement of the NVC.  Some plots may represent stands (or even types) that no longer exist.  Others may contain valuable information on the historic distribution and ecology of a plant community, or may contain important structural data (such as on old-growth features) that may be difficult to obtain today.  Care should be taken in importing legacy data to assure maximum compatibility with current guidelines. Problems with legacy should be documented in plot metadata and include: (1) uncertainty about plot location, which is especially common for data that exist only in published form rather than field records; (2) inadequate metadata on stand selection, plot placement, and sampling method; (3) uncertainty about species identity because of changes in nomenclature and lack of voucher specimens; (4) uncertainty about completeness of floristic data; (5) uncertainty about sampling season; and (6) incompatibility of the cover or abundance measures used.
Occurrence plot — Many vegetation sample plots have been and will be collected that do not meet all the requirements of NVC plots.  While such samples cannot be used to describe or revise associations or alliances, they can provide supplemental information relevant to the geographic or ecological distribution or abundance of known NVC types.  We refer to such samples as “occurrence plots.”  The minimal information required for occurrence plots is driven by the information needed to simply report an observation of an association or alliance at a location.  This information minimally consists of the dominant species names and canopy cover values, diagnostic or characteristic species, geographic coordinates, the name of the association or alliance, and the names of those who collected the data.  This information must be provided for a plot to be archived in the NVC database (other information can be required if the observation is derived from literature rather than made in the field).  Additional information, such as the subdominant and characteristic species and their cover values, plot size and shape, and additional environmental variables, is important and should be recorded if possible. The minimum set of attributes that should be collected for occurrence plots is listed in Appendix B.  


CLASSIFICATION AND DESCRIPTION OF FLORISTIC UNITS
From Planning to Data Interpretation
The definition of associations and alliances as individual units of vegetation is the result of a set of classification decisions based on field observation and data analysis.  The process can be conceptualized in three stages:  (1) scope and planning of plot observation, (2) data collection and preparation, and (3) data analysis and interpretation.  

Scope and planning of plot observation — For a classification effort to be effective, plots should be collected from the full geographic extent of the type.  Although only a few plots may be sufficient to determine that a distinct type is warranted, a more widespread set of plot records (ideally covering the full geographic and environmental range expected) are generally necessary for a type to be adequately characterized and understood in comparison to others that may be conceptually similar. 

Data collection and preparation —  Vegetation data from all available, high-quality data sets should be combined with any new field data and various supplemental environmental data to provide the basic information for comprehensive documentation of any given type. When data that do not meet minimum guidelines for quality, consistency, and geographic completeness, are used, they should have their limitations explicitly described.

Data preparation requires that plant identification be unambiguously documented by reference to both appropriate scientific names and published sources for documenting the meaning of those names (see section on botanical nomenclature below).  We recommend that, unless there are specific reasons for a different standard, plant nomenclature for the NVC follow USDA PLANTS (http://plants.usda.gov/), or ITIS (http://www.itis.usda.gov/index.html).  

In response to the need to combine field plot data sets from different sources, the ESA Vegetation Panel supports a public database of vegetation plots, known as VegBank (http://www.vegbank.org).  VegBank is intended to facilitate documentation and reanalysis of plot data, ease the burden of data preparation, and facilitate mining of existing data from different sources (see Section 8).  It is recommended that those preparing to collect field plots become familiar with the tools VegBank has to offer and that they search the VegBank archive for plots that may be from their area of interest.
Classification analysis and interpretation — Two criteria must be met in order for any analysis of vegetation types to be robust.  First, the plot records employed must represent the expected compositional, physiognomic, and environmental variation of the proposed vegetation type or group of closely related types.  Second, there must be sufficient redundancy in plot composition to allow clear identification of the patterns of compositional variation.  The matrix of species by plots should be documented directly or by reference to the plots employed.  Assessment or analysis of the floristic composition with respect to environmental factors must be undertaken, and the environmental data employed must also be documented and made available either by appendices or by a placement in a permanent, publicly accessible digital archive such as VegBank.  
Various methods are available for identification of environmental and floristic patterns from matrices of species occurrences in field plots.  The substantial menu of available analytical methods allows individual researchers to select those methods that provide the most robust analyses for the available data (see Mueller-Dombois and Ellenberg 1974 XE "Mueller-Dombois and Ellenberg 1974" , Jongman et al. 1995 XE "Jongman et al. 1995" , Ludwig and Reynolds 1988 XE "Ludwig and Reynolds 1988" , Gauch 1982 XE "Gauch 1982" , Kent and Coker 1992 XE "Kent and Coker 1992" , McCune and Mefford 1999, McCune et al. 2002 XE "McCune  et al. 2002" , Podani 2000, Roberts 2006, Oksanen et al. 2007 XE "Podani 2000" ).  

The approaches most commonly used in the identification and documentation of vegetation pattern, either alone or in combination, are direct gradient analysis, ordination, and clustering (including tabular analysis). Direct gradient analysis typically involves representation of floristic change along specific environmental or geographic gradients, whereas ordination is used to arrange stands strictly in term of similarity in floristic composition.  In both cases discontinuities in plot composition can be recognized, or continuous variation can be partitioned into logical segments.  Clustering is used to combine stands into discrete groups based on floristic composition.  For each of these techniques a range of analytical tools is available.  The specific tools employed should be carefully documented and justified.  
An important step in plot analysis is taxonomic standardization such that the taxonomic level at which organisms are resolved and the taxonomic standard used are consistent across all plots.  Some general rules to follow when standardizing taxonomic nomenclature are:  (1) The procedures for standardizing taxonomic resolution within a data set must be carefully documented.  (2) Dominant taxa must be resolved to at least the species level.  (3) Those plots having genus-only-level entities with a combined total cover of >20% will generally be too floristically incomplete, and under some circumstances those plots having >10% of their entities resolved at the genus level or coarser may be excluded.  (4) Ecologists should strive for the finest level of taxonomic resolution possible.  When aggregation of subspecies and varieties to the species level is necessary, this should be carefully documented.  

The rationale for and methods of data reduction and analysis should be described in detail.  Documentation should include any data transformations and similarity measures employed.  Where possible, more than one analytical method should be used, and converging lines of evidence should be clearly presented.  Tabular and graphical presentation of such evidence as biplots of compositional and environmental variation, dendrograms illustrating relationships among clusters, and synoptic tables summarizing community composition can be critical.  Criteria used to identify diagnostic species, such as level of constancy, fidelity, etc, should be specified.  Tables and graphics by themselves do not determine associations, but can provide the quantitative basis for their identification.

In the process of addressing these criteria, possible outliers may be identified (i.e. atypical with respect to the vegetation types being considered).  Methods used for rejecting plots based on informal or formal outlier analyses should be documented (see Belsey 1980, XE "Belsey, 1980"  Tabachnik and Fidell 1989 XE "Tabachnik and Fidell (1989" , McCune and Mefford 1999 XE "McCune and Mefford (1999" ).  

Finally, care must be taken to assure that analysis incorporates appropriate geographic variation and that the resultant classification and associated summary tables are not distorted by spatial clumping of plot records.  Plots sometimes tend to be spatially aggregated because of the local focus of field investigators.  In such cases a set of plots may look distinctive using conventional numerical methods simply because of intrinsic spatial autocorrelation.  This may be a particular problem when field data are generally scarce across a region but locally abundant in portions of the range where intensive surveys have been conducted.  Insular vegetation (e.g., glades, rock outcrops, depression wetlands) can be particularly prone to spatial discontinuities. It is not productive to recognize a unique association for every rock outcrop in a region generally dominated by deep soils, yet this can result if associations are recognized solely based on discontinuities in compositional data or dissimilarity measures among local types (Schamineé et al. 1993). 
A wide variety of methods and techniques can be used to identify and describe an association, but the goal remains the same: classification of the universe of vegetation variation into discrete types with defined floristic composition, physiognomy, and habitat.  We do not prescribe any one technique or approach to achieve this end; investigators are free to explore any number of techniques.  The inevitable occurrence of alternative competing type definitions will be resolved through dialog and the peer review process. 
           Special consideration in the description of alliances — Descriptions or revisions of alliances are typically based on the same kinds of data and analysis used to define associations.  Alliances are more generalized vegetation types that share some of the diagnostic species found in the associations, especially those in the dominant stratum.  Several to many diagnostic species should be present, including at least one character or strong differential species, in combination with several other moderately strong differentials, a suite of constant species, and a readily identifiable habitat (Mueller-Dombois and Ellenberg 1974, Schaminée et al. 1993).  
The methods for classifying alliances depend on the degree to which associations that make up a given alliance have previously been described and classified.  Under data-rich conditions, alliances should be defined by aggregating associations based on quantitative comparisons of species abundances.  If a number of associations have species in common in the dominant or uppermost canopy layer, and those same species are absent or infrequent in other associations, then the associations with those shared dominants can be joined as an alliance.  Similarity in ecological factors and structural features should also be considered.  In cases where no truly diagnostic species exist in the upper layer, species that occur in a secondary layer may be used, especially where the canopy consists of taxa of broad geographic distribution, or the alliance occupies a diverse range of ecological settings (Grossman et al. 1998 XE "Grossman et al. 1998" ).  

 Under data-poor conditions, new alliances may be provisionally identified through analyses of data on species in the dominant stratum (e.g., comprehensive tree layer data in forests) combined with information on the habitat or ecology of the plots.  Alliance types developed through such incomplete data fail to meet the highest standards for defining floristic units.  It is desirable that such types ultimately be redefined by analyzing field plots that contain full floristic information, in conjuction with association analyses. 

Documentation and description of types 

The classification process requires accurate documentation of how and why a particular vegetation type has been recognized and described, as well as a standardized, formal description of each named type.  Descriptions of alliances and associations need to  (a) explicitly document the vegetation characteristics that define the type, including any significant variation across geographic or environmental gradients, (b) summarize the relationship of the type to habitat, ecological factors and community dynamics, (c) identify the typal plots upon which the type is based, (d) describe the analyses of the field data that led to recognition of the type, and (e) provide a synonymy to previously described similar types and document the relationship to closely related NVC types (see Text Box 2 for requirements, and APPENDIX D for an example of a community type description).  The elements required for type descriptions follow.  
1. Overview — The overview section provides a summary of the main features of the type.  First, the names of the type are listed following the nomenclatural rules summarized below including Latin names and their translated names.  A colloquial or common name for the type may be provided.  Second, the association’s placement within an alliance is indicated (if a new alliance is required a separate description for that alliance should be provided).  For an alliance, placement within a formation should be indicated.  Finally, a summary is provided that describes the type concept, including the geographic range, environment, physiognomy and structure, floristics, and diagnostic features of the type.  

2. Vegetation —The association and alliance concepts are defined primarily using floristics and physiognomy, supplemented with environmental data to assess ecological relationships among the species and types.  

2.1  Physiognomy.  This section should describe the physiognomy of the type, particularly the dominant species.  The physiognomic variability across the range of the plots being used should be included.  Summary information is provided as applicable for each of the main strata (tree, shrub, field (or herb), ground (or moss), floating, and submerged; Table 4), including their height and percent cover.  Dominant growth forms also should be noted. 

2.2 Floristics.  This section should summarize the species composition and average cover in the plots for all species, preferably by strata.  Issues relating to the floristic variability of the type should be highlighted.  Tables should be provided in the following sequence. A stand table of floristic composition must be included, preferably for each stratum, showing constancy, mean, and range of percent cover (Tables 5 and 6).  It is recommended that all species with greater than 20% constancy be included to facilitate comparisons of species patterns with that of other types.  In any case, the criteria used to include a species in the table should be specified.    Constant species, typically defined as those occurring in > 60% (i.e., the top two Braun-Blanquet (1932) constancy classes) of the field plots used to define a type, should be identified.  Alternatively, prevalent species can be identified, where the prevalent species are the most constant species, with the number of prevalents set as the mean number of taxa in the plots representing the type (Curtis 1959, Peet 1981). 
A summary of diagnostic species should be presented, through a tabular arrangement, a synoptic table, or other means of identifying and displaying diagnostic species.  The compositional variability of the type across the range of its classification plots should be discussed.  A discussion of possible subassociations or variants may be useful, especially for future refinement of type concepts.

2.3  Dynamics.  This section provides a summary of the successional and disturbance factors that influence the stability and within-stand pattern of the type.  Where possible, a summary of the important natural or anthropogenic disturbance regimes, successional trends, and temporal dynamics should be provided for the type.  Information on population structure of dominant or characteristic species may be appropriate.  Important changes in disturbance regime should be described and recorded.  For example a decrease in fire frequency may be seen as a disturbance to a fire-adapted community from which the community may not reassemble.  

3. Environmental Summary —  An overview should be provided of the general landscape position (elevation, topographic position, landforms, and geology), followed by more specific information on soils, parent material, and any physical or chemical properties that affect the composition and structure of the vegetation.  It is preferable that these data be provided as summary tables. 

4. Geographic Distribution — This section should include a brief narrative description of the geographic range of the type, including present and historic distribuiton.  A list of states and provinces where the type occurs, or may occur, can help describe the geographic scope of the type concept.  The description should distinguish between those regions where the type is known to occur and those where the type probably or potentially occurs.  Also, jurisdictions where the type is estimated to have occurred historically but has been extirpated should be provided if known. 

5. Plot Records and Analysis — This section should describe the plots and the analytical methods used to define a type.  The plots used must have met the criteria for classification plots (APPENDIX B).  The plot data must be deposited in a publicly accessible archive that meets the standards set forth in the section on data management below.  Information should be provided on factors that affect data consistency, such as taxonomic resolution, completeness of physiognomic-structural description, or environmental information.  Range-wide completeness and variability in the geographic or spatial distribution of plot locations should be described.  Finally, the methods used to prepare, analyze, and interpret the data should be described, including outlier analyses, distance measures, numerical and tabular techniques, and other interpretation tools.  Occurrence plots that may have been used to generally estimate the geographic range of a type or some other characteristic should be identified.  

6. Relationships among types and synonymies — A section on synonymies should list other, previously defined types that the author considers synonymous with the type.  In addition, the relationships with closely related types should be described here.

7. Discussion — Possible subassociation or suballiance types or variants, if appropriate, should be presented in detail here, along with other narrative information.

8. Citations — Citations of references used in the descriptive fields above should be provided in this section. 
Nomenclature of Associations and Alliances

Rationale — The primary purpose of naming the units in a classification is to create a standard label that is unambiguous and facilitates communication about the type.  A secondary goal is to create a name that is meaningful.  Finally, a name must not be so cumbersome that it is difficult to remember or use.  These purposes, though, are sometimes in conflict.  For instance, the primary purpose of an unambiguous label is met by a number (e.g., “Association 2546”), but such a label is not meaningful or easy to remember.  A long descriptive name is meaningful, but difficult to remember and use.  To meet these varying requirements, the guidelines set forth here strike a compromise between these needs, including the use of alternative names for a type (see also Grossman et al. 1998 XE "Grossman et al. 1998" , page 23).  

There are two contrasting approaches to naming associations and alliances: (a) that based on a more descriptive approach, such as practiced by the habitat type method in the western United States (e.g., Daubenmire 1968 XE "Daubenmire 1968" , Pfister and Arno 1980 XE "Pfister and Arno 1980" ) as well as the current NVC (Grossman et al. 1998 XE "Grossman et al. 1998" ; see also similar approaches used by Canadian Forest Ecosystem Classification manuals in Sims et al. 1989 XE "Sims et al. 1989" ), and (b) the more formal syntaxonomic code of the Braun-Blanquet school (Westhoff and van der Maarel 1973 XE "Westhoff and van der Maarel 1973" , Weber et al. 2000 XE "Weber et al. 2000" ).  The descriptive approach uses a combination of dominant and characteristic species to name the type.  No formal process for amendment or adoption of names need be followed.  By contrast, the Braun-Blanquet approach follows a formalized code that allows individual investigators to assign a legitimate name that sets a precedent for subsequent use in the literature, much like species taxonomic rules.  In the Braun-Blanquet approach only two species are allowed in an alliance name, and their name follows Latin grammatical requirements.  Hybrid approaches have also been suggested, such as by Rejmanek (1997 XE "Rejmanek (1997" , see also Klinka et al. 1996 XE "Klinka et al. 1996" , Ceska 1999 XE "Ceska 1999" ).  Here we adopt the descriptive approach and rely on a peer-review process to maintain appropriate nomenclature.  However, since tracking the ever-changing usages of names as well as concepts of organisms (which form the basis for the names of associations and alliances) is a challenging task, we also rely on a technical implementation of concept-based taxonomy through the development described in greater detail in the section on data management below (also see Berendsohn 1995, Pyle 2004 XE "Berendsohn 1995" ).

Nomenclatural rules — Each association or alliance is assigned a name based on the scientific names of the dominant and diagnostic species.  The scientific name also has a standard translated name based on the vernacular names listed in Kartesz (1999 XE "Kartesz (1994, 1999" ) for English-speaking countries.  It is desirable that translated names be provided in French and Spanish where appropriate, if translation names exist.  Finally, each association and alliance is assigned a database code.  

The relevant dominant and diagnostic taxa that are useful in naming a type are available from the tabular summaries of the types.  Names of associations and alliances should include one or more species names from the dominant stratum of the type.  For alliances, taxa from secondary strata should be used sparingly.  Among the taxa that are chosen to name the type, those occurring in the same strata (tree, shrub, field, ground, floating, submerged) are separated by a hyphen (-), and those occurring in different strata are separated by a slash (/).  Species that may occur in a type with low constancy may be placed in parentheses. Taxa occurring in the dominant stratum are listed first, followed successively by those in other strata.  Within the same stratum, the order of names generally reflects decreasing levels of dominance, constancy, or diagnostic value of the taxa.  Where there is a dominant herbaceous stratum with a scattered woody stratum, names can be based on species found in the herbaceous stratum and/or the woody stratum, whichever is more characteristic of the type.  Association or alliance names include the term association or alliance as part of the name to indicate the level in the hierarchy as well as a descriptive physiognomic term (e.g., forest, grassland) (see Text Box 3).

In cases where diagnostic species are unknown or in question, a more general term is allowed as a “placeholder” (e.g., Pinus banksiana - (Quercus ellipsoidalis) / Schizachyrium scoparium - Prairie Forbs Savanna association, but only in the case of types with low confidence (see the discussion of type confidence classes below) (What is going on in this last sentence?  I couldn’t figure out where the example stopped and the regular text began).  An environmental or geographic term, or one that is descriptive of the height of the vegetation, can also be used as a modifier when such a term is necessary to adequately characterize the association.  For reasons of standardization and brevity, however, this is kept to a minimum.  Typical examples include (a) Quercus alba / Carex pennsylvanica - Carex ouachitana Dwarf Forest association, and (b) Thuja occidentalis Carbonate Talus Woodland association.  The smallest possible number of species should be used in forming a name.  The use of up to five species may be necessary to define associations, recognizing that some regions contain very diverse vegetation, with relatively even dominance, and variable total composition.  For alliances, no more than three species may be used.

If desired, a colloquial or regionally common name can also be designated.  The common name may be used to facilitate understanding and recognition of the community type for a more general audience, much like the common name of species.  
Nomenclature for vascular plant species used in type names should follow USDA PLANTS (http://plants.usda.gov/), or the current version of ITIS (http://www.itis.usda.gov/index.html).  The version of the database and the date(s) the database was consulted should be included in the metadata as these web sites are frequently updated.  
PEER REVIEW 

The US NVC must be open to change in the sense that any person (independently or representing some institution) is free to submit proposed additions and changes, and that the rules, standards and opportunities are the same for all potential contributors, regardless of institutional affiliation.  Consideration of  proposed alternatives should be based on established best practices and the good judgment of experienced practitioners.  Therefore, a key component of this process must be a formal, impartial, rigorous peer review process for floristic units, through which proposals to recognize new units or change accepted units are evaluated. 

There is a variety of ways to manage and maintain a standardized set of alliance and association types for the NVC.  One model is that used in plant taxonomy where scientists use credible methods to define taxa, follows generally accepted rules for describing and naming the taxa, and publish the results, after which they can be accepted or rejected by practioners.  In some cases an expert source (a person or organization) maintains an authoritative list of taxa that it chooses to recognize as valid.  Zoological nomenclature is similar, except that by convention the most recent publication takes precedence when publications are in conflict.  A second model is for a professional body to administer a formal peer-review process, whereby individuals, who publish their results as they choose, also submit their results to a professional body.  That body ensures that consistent standards are followed to maintain an up-to-date rigorous list of types and their descriptions.  Such an approach is used by the American Ornithological Union6 for North American bird lists.  A third model is provided by the Natural Resource Conservation Service, which maintains the USDA soil taxonomy (NRCS 2001) XE "NRCS 2001)"  as one of its official functions.  The peer-review process we outline here is a hybrid of the second and third models in that changes and additions to the classification must be made within the context of the current classification such that the resultant units continue to form a comprehensive and authoritative list, and the peer review is an open process maintained by professional organizations in collaboration with other interested parties. 

Peer-review process 

An authoritative peer review process is necessary to maintain the consistency, credibility, orderly progress, and rigor of the classification.  The peer review process should be administered by an “NVC Peer Review Board” under the aegis of the Ecological Society of America, an institution capable of providing independent and disinterested reviewers of appropriate training and experience in plant community classification. 
The Peer Review Board will be responsible for ensuring that the criteria specified in the current FGDC standard are followed.  The current version of “Description, documentation, and evaluation of Associations and Alliances within the U.S. National Vegetation Classification” (this document or subsequent revisions) will be used to interpret and implement the standard.  The objectives of the peer review process are to (a) ensure compliance with classification, nomenclature and documentation standards, (b) maintain reliability of the floristic data and other supporting documentation, and (c) referee conflicts with established and potential NVC floristic types.  The process for submitting and evaluating changes to the classification must be formal, impartial, open, and scientifically rigorous, yet must be simple, clear, and timely.  
Proposal submission and the NVC Proceedings 

Investigators proposing changes to the classification must submit their materials to the Peer Review Board in digital format using standard templates available through links that can be found at VegBank (http://vegbank.org) or NatureServe Explorer (http://www.natureserve.org/explorer/).    Investigators who describe association or alliance types must place their proposed types within the context of existing NVC types so as to determine whether the type under consideration is distinct, or whether their data will instead refine or upgrade the definition of a type or types already on the list.  

The Peer Review Board will maintain publicly available Proceedings of all official actions.  The Proceedings, which is still under development, will consist of full descriptions of all NVC recognized types, official changes to the list of NVC associations and alliances, and include the required supporting information for all changes made to the list. 
Classification confidence 

To maximize applicability of the NVC, coverage of vegetation types should be as comprehensive as possible.  Consequently, it will be desirable to recognize, at least temporarily, some types that do not comply with all the best-practice standards identified in this document.  As part of the NVC peer-review process, each type will be assigned a “confidence level” based on the relative rigor of description and analysis used to define it.  Two additional categories are provided for associations or alliances that have not been formally recognized. 

Classification confidence levels of accepted types — There are three primary levels of classification confidence: 
High: The type is based on quantitative analysis of verifiable, high-quality classification plots that are published in full or are archived in a publicly accessible database.  Classification plots must meet the minimum requirements specified in this document and as shown in APPENDIX B.  The known geographic distribution and habitat range of the type must be represented by high quality classification plots.  In addition, plots that form the basis for closely related types must be compared.  For an alliance, the majority of component associations must have high to moderate confidence levels. 

Moderate: The documentation of the type is lacking in either geographic scope or degree of quantitative characterization and subsequent comparison with related types, or plots are published only as a comprehensive summary (floristic) table (as shown in APPENDIX D; plots otherwise meet the requirements for high confidence.  For an alliance, many associations within the type may have a Moderate to Low level of classification confidence. 

Low: The type is based on plot data that are incomplete or not accessible to others.  These types are based on qualitative analysis, anecdotal information, or community descriptions that are not accompanied by plot data, or if so, only in an incomplete summary (floristic) table (such as only reporting dominant or characteristic species of a type).  Local experts have often identified these types.  Although there is a high level of confidence that they represent significant vegetation entities that should be incorporated in the NVC, it is not known whether they would meet the guidelines for floristic types in the NVC classification if data were available.  Alliances are classified as low if defined primarily from incomplete or unpublished and inaccessible plot data (e.g., plots contain only information about species in the dominant layer), from use of imagery, or other information that relies primarily on the dominant species in the dominant canopy layer.

Status categories of types not formally recognized.—In addition to the three levels of classification confidence, two categories are established to identify vegetation types that have been described to some extent, but which have not been formally accepted as an NVC unit of vegetation.  These categories are:

Proposed:  Formally described types that are in some stage of the NVC peer review process, but for which the process is still incomplete.  For example, indicating that a type is “proposed” can be used when investigators have a need to refer to these types in publications or reports prior to the completion of the peer review process. 

Provisional:  These types are not yet formally described, but are expected to be additions to the existing list of NVC types for an area or project.  Provisional types should only be used when a clear effort is being made to apply the NVC, but where some vegetation does not appear to have been covered by the concepts of known units for an area or project.  For example, authors of a report or publication may need to submit a list of NVC types and any additional types observed, such as those that have not been recognized by the NVC nor have they been formally submitted for peer review.  Such types can be designated as “provisional.”

DATA ACCESS AND MANAGEMENT
Data availability and management are central to the organization and implementation of the National Vegetation Classification.  Most issues regarding the organization of the NVC can be clarified by careful consideration of information flow into, through, and out of the three constituent databases of NVC: (1) botanical nomenclature, (2) field plots, and (3) classified associations and alliances.  In effect, information flow defines and holds together the various parts of the NVC.  The overall flow of information required for the NVC enterprise is shown in Fig. 3.
Botanical nomenclature

All stages in the NVC process refer to specific plant taxa.  Plant taxa used in the NVC need to be clearly and unambiguously recorded, especially in plot databases and in the classification database.  However, the use of a plant name does not necessarily convey accurate information on the taxonomic concept employed by the user of that name.  Vegetation plots are intended to include accurate records of taxa present at some time and place as observed by some investigator.  This objective is made complex by the fact that taxonomic standards vary with time, place, and investigator.  When plot data collected at various times and places by various investigators are combined into a single database the different taxonomic nomenclatures must be reconciled.  The traditional solution has been to agree on a standard list and to map the various names to that list.  For example, within the U.S. there are several related standard lists of plant taxa including Kartesz (1999), USDA PLANTS (http://plants.usda.gov/), and ITIS (http://www.itis.usda.gov/index.html).  Each of these is intended to cover the full range of taxa in the U.S. at their time of publication and each lists synonyms for the taxa recognized.  However, these lists do not allow for effective integration of data sets for several reasons.  (1) The online lists (i.e., USDA PLANTS) are periodically updated but have not been consistently archived, with the consequence that the user cannot reconstruct the database as it was viewed by another person sometime in the past.  For this reason users should, at a minimum, cite the date on which the database was observed.  (2) A single name is often used for multiple taxonomic concepts, which leads to irresolvable ambiguities.  The standard lists are simply lists and do not define the intended taxonomic concepts behind the names, or how the taxonomic concepts may have changed as the list has been modified.  (3) Different parties have different perspectives on acceptable names and the meaning associated with them.  If one worker uses the Kartesz 1999 list as a standard, that does not necessarily allow others to merge his or her data with those of a worker who used the USDA PLANTS list as a standard.

  Much ambiguity arises from the biological nomenclature requirement that when a taxon is redefined through a new circumscription, such as when a taxon is split into two or lumped with another, its name continues to be applied to the taxon that corresponds to the type specimen for the original name.  Moreover, different authors can interpret taxa in different ways.  In short, plant names can refer to multiple definitions of plant taxa, and a plant taxon can have multiple names.  To avoid ambiguity, plant taxa associated with the NVC must be documented by reference to both a specific name and a particular use of that name, typically in a published work.  All databases supporting the NVC must track plant types through documentation of such name-reference couplets.  We follow the ideas of both Berendsohn (1995; a “potential taxon”) and Pyle (2004; an “assertion” XE "Pyle (2000" ) with respect to name-reference couplets.  For the purposes of the NVC we term name-reference couplets a “taxon-concept”. Organism identifications (be they occurrences in plots, labels on museum specimens, or treatments in authoritative works), should be by reference to a concept so as to allow unambiguous identification of the intended taxonomic object.   Identification of the appropriate concept to attach to an organism does not immediately dictate what name should be used for that concept.  Different parties may have different name usages for a particular accepted concept.

An example illustrating the need for this approach is the species name Abies lasiocarpa (Hooker) Nuttall.  The concept intended for this name by the PLANTS Database (USDA, NRCS 2000) is quite different than the concept intended for the same name by the Flora of North America (1993).  The taxon-concept Abies lasiocarpa (Hooker) Nuttall sec Flora of North Am. Vol. 2 refers to a subset (occurring in the Northwest USA and western British Columbia) of the broader taxon-concept Abies lasiocarpa (Hooker) Nuttall sec USDA PLANTS (2000). (We follow Berendsohn 1995 in using the term “sec” which means “in the sense of”.)  The PLANTS Database (USDA, NRCS 2000) taxon-concept includes the taxon-concepts of: (a) Abies lasiocarpa (Hooker) Nuttall sec Flora of North Am. Vol. 2, as well as (b) Abies bifolia A. Murray sec Flora of North Am. Vol. 2.  Use of the name Abies lasiocarpa (Hooker) Nuttall without reference to which concept is intended, means it is not possible to know if the name applies to the more general concept (which includes Abies bifolia A. Murray sec Flora of North Am. Vol. 2) or the more narrow concept intended by Flora of North America. 
Unknown or irregular taxa (such as composite morphotypes representing several similar taxa) should be reported with the name of the taxon for the first level with certain identification. Best practice is to provide additional information in a note field (e.g., R.K. Peet, R. third “unknown grass”, aff. Festuca, NCU 777777) and provide a name field to follow the given taxon in parentheses (e.g., Potentilla (simplex + canadensis), Poaceae (aff. Festuca)). In addition, inclusion of logical relationships to other concepts such as “includes”, “included in”, or “overlaps” can add clarity. 
Plot data archives and data exchange

Field plot data and plot databases are to vegetation types what plant specimens and herbaria are to plant species types. Vegetation scientists use plots for formal observation and recording of vegetation in the field.  The fundamental unit of vegetation information is the vegetation plot; without plot data there would be no tangible basis for classification.  At a minimum, a plot used for classification or to document a type occurrence contains information on location, spatial extent, dominant species presence and cover, select environmental data, and metadata.  Investigators must include plot data summaries in their descriptions of vegetation types.  

Plot database archives are needed to hold the plot data that form the basis for documenting, defining, and refining the associations and alliances that constitute the floristic levels of the NVC.  Vegetation plots used in the development or revision of the NVC must be archived in a permanent, publicly accessible database system so that they can be examined and reinterpreted in light of future research.  In addition, plot data used to support description of a vegetation type must be linked by accession number to the description of the type in the National Vegetation Classification Database and should be publicly available via a direct database query from a web browser.  All such data must be available in a form consistent with the standard data XML schema shown in Supplement 1 to facilitate data exchange and analysis.  The ESA Vegetation Panel maintains VegBank (http://vegbank.org) as a repository to facilitate archiving, citing, discovering, viewing, and obtaining plot data; other databases that meet this need may also be used.

 Collection of plot data is a distributed activity external to the NVC per se, driven by the needs and interests of numerous organizations and individuals.  All such organizations and individuals are encouraged to submit their plot data to a public plot database, either as components of proposals for changes in the NVC or as separate submissions of basic data.  All uses of plot data with respect to the NVC must cite the original author of the plot.

Community-type databases
The National Vegetation Classification Database must be viewable and searchable over the Internet, and must be regularly updated.  A single primary access point for viewing the classification will be maintained by the NVC management team.  Although mirrors of this information may be found at other sites, the primary access point should be viewed as definitive. Currently, this information is available at the NatureServe Explorer website (http://www.natureserve.org/explorer/).  One of the advantages of websites is that they can be updated frequently. When citing an association or alliance, users of the NVC should cite the website and the explicit version observed (or date observed) so as to facilitate exact reconstruction of the community concepts employed and supporting information observed.
LOOKING AHEAD 
Application of these guidelines toward the improvement of the NVC must be understood as a continuing process.  Four critical elements of this process are: (a) collection and incorporation of new data, (b) evaluation and incorporation of new methods for analysis and synthesis, (c) publication of new and revised vegetation types, and (d) new applications of present knowledge about vegetation.  

Building the classification consortium for the future
Development and implementation of the NVC as a viable scientific activity depends on the support and participation of scientists and their institutions.  A consortium for the advancement of the NVC had developed in the US, formalized by a Memorandum of Understanding (see Section 1, Rationale).  Future activities of these and other partners will include revisions to these  guidelines, open access to databases containing the supporting information for classification, and a review process for changes to the floristic units of the classification.  Within this initial framework, the FGDC represents the needs of US federal agencies and it will coordinate testing and evaluation of the classification by these agencies.  NatureServe will use its experience with the development and management of the National Vegetation Classification to ensure continuity in classification, as well representing the network of natural heritage programs and conservation data centers throughout the Americas.  The ESA represents the professional scientific community.  Its experience with publication and independent peer review ensures the credibility of the classification. The Peer Review Board provides an objective, neutral arena for all interested parties in the evaluation of proposed changes to these guidelines as well as the recognized classification units. 
Prospects for scientific advancement
New data — The implementation of national-level guidelines and the development of one or more national-level plot archives are expected to catalyze the collecting of new field data as well as increase access to legacy data.  Using the guidelines and processes presented here, these new data should meet the need for consistency in identifying, describing, and documenting vegetation types and lead to advances in our understanding of vegetation as a whole.
 New analytic methods — One goal of the NVC is to create a framework for developing and characterizing vegetation alliances and associations.  With a common, organized approach to this goal, and with increased field data that collectively can provide greater statistical power, the ability for experimentation and development of new analytic methods is expected to improve substantially.
Discovery and description of vegetation types —   A true comprehensive classification of vegetation conformant with the guidelines contained in this document will emerge only as plot databases become comprehensive and the process of analysis and monographing becomes well established.  A significant part of this work is the continuing reassessment of names and type concepts already published and proposed for consideration at the alliance and association level.  The needed careful analysis and documentation is expected to be undertaken in large part by the community of scientists working in conservation, resource management agencies and other institutions. 

New applications of present knowledge —  The primary reason for establishing guidelines for vegetation classification has been to ensure compatibility of applications across government agencies, universities, and private organizations.  While different applications may require units unique to a project, use of an underlying standard vegetation classification as the basis for those units will allow comparability.  With advances in mapping and inventory, these applications are likely to expand in breadth.  Some important applications include:

Resource inventory, conservation, and management.   Government and private organizations need to know which vegetation types are rare or threatened, which are exemplary in quality, and where they occur.  These needs have initiated a new genre of vegetation inventory application.  Recognition that many rare species are found in uncommon vegetation types has led to biodiversity conservation by maintenance and restoration measures focused on those types.


Resource mapping. Consistent with the FGDC principles, the guidelines described here for floristic units relate to vegetation classification and are not intended as standards for mapping units.  Nevertheless, types defined using these guidelines can be mapped and they can be used as the basis for mapping various other types of units, subject to limitations of scale and mapping technology.  The criteria used to aggregate or differentiate within these vegetation types and to form mapping units will depend on the purpose of the particular mapping project and the resources devoted to it (see Damman 1979 XE "Damman 1979" , Pearlstine et al. 1998 XE "Pearlstine et al. 1998" ). For example, in vegetation mapping by the Gap Analysis Program not all alliance types can be resolved, whereas detailed mapping of national parks can typically map alliances but not all associations (Faber-Langendoen et al. 2007a).  In such cases alliance or association  types are aggregated into map units of “compositional groups” or “ecological complexes” (e.g., Pearlstine et al. 1998).  Although not part of the NVC standard, such aggregates represent units of vegetation that meet the needs of the mapping activity and have an explicit relationship to established NVC units. 
 Established guidelines for vegetation classification should lead to improved consistency and reliability of vegetation mapping.  Major land development projects that include land use planning techniques such as Habitat Conservation Plans (see Endangered Species Act 1982 XE "Endangered Species Act 1982" , Kareiva et al. 1999 XE "Kareiva et al. 1999" ) also will use fine-grained vegetation classification in developing conservation management plans. 

Resource monitoring.  Throughout North America, studies have been initiated to monitor changes in vegetation.  Agencies are often mandated to monitor specific resources, such as forests or grasslands, or to assess ecosystem health.  However, results from many of these efforts are too coarse in spatial or thematic resolution to be readily useful to land managers, and until recently there has been no consistent method used to define assemblages of species to be monitored as a unit, or the deviation of a community occurrence from the normal expression of that community.  Such research requires clear definition and documentation of vegetation types as a baseline condition, followed by repeated measurements and comparisons over decades.

Ecological integrity.  Vegetation provides a fundamental framework for documenting and understanding the complexity and integrity of ecosystems.  Vegetation is habitat for millions of species.  Because vegetation can be mapped with remotely sensed information, it can be used as a surrogate for tracking, understanding, and forecasting many changes in the condition of ecosystems (Faber-Langendoen et al. 2006). 

The approach to and framework for a national classification of vegetation as described in this document are intended to facilitate long-term progress in resource conservation, environmental management, and basic vegetation science.  Undoubtedly, new applications of vegetation classification will emerge and lead to further improvements.  The guidelines described here provide a point of departure toward those ends.
International collaboration

Vegetation does not recognize political boundaries and the classification of vegetation is most effective if undertaken as an international collaboration.  The US National Vegetation Classification developed as one national component of a larger, international initiative, the International Vegetation Classification (IVC) (NatureServe 2006).  Accordingly, the guidelines presented in this document are designed with the expectation that they are consistent with the needs of the greater IVC enterprise and that they will form the basis for a unified set of guidelines that eventually will be adopted by all IVC partners (Faber-Langendoen et al. 2007).
International development and application of the IVC requires collaboration among national programs.  Like the US-NVC, the Canadian National Vegetation Classification (C-NVC) uses the general approach of the IVC (Ponomarenko and Alvo 2000 XE "Ponomarenko and Alvo 2000" ).  In particular, The Canadian Forest Service is working closely with provincial governments, Conservation Data Centers, as well as federal agencies and other organizations to define forest and woodland types consistent with the association concept used in these guidelines.  In addition, individual provinces have conducted extensive surveys using standardized plots, and they either have well-established vegetation classifications or are in the process of building them.  Some have already developed alliance and associations units using the same standards, nomenclature, and codes for types used in the U.S. and are developing additional names and codes for new types (Greenall 1996 XE "Greenall 1996" ).  This approach ensures that associations developed in the U.S. and in Canada have the potential to be integrated as part of an IVC that is global in scope. 
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ENDNOTES
1.  Forming a partnership to further develop and implement the national vegetation classification standards. Memorandum of Understanding among ESA, TNC (now represented by NatureServe), USGS, and FGDC.  1999.  Ecological Society of America, Washington, D.C., USA.  6p. (http://www.esa.org/vegweb/#MOU)
2.  In contrast, classification has been a major activity in Europe throughout the twentieth century, with vegetation scientists largely using the methods of the Braun-Blanquet school.  Moreover, vegetation classification gained new impetus in many European countries during the 1970s and 1980s (Rodwell et al. 1995).

3.  The circular was originally issued in 1953 to insure that surveying and mapping activities be directed toward meeting the needs of federal and state agencies and the general public, and that they be performed expeditiously, without duplication of effort. Its 1967 revision included a new section, “Responsibility for Coordination.” It was revised and expanded again in 1990 to include not just surveying and mapping, but also the related spatial data activities.

4.  We typically use “species” as shorthand for “taxa,” with respect to the taxonomic classes of species, subspecies, and varieties, and occasionally genera.    

5.  As used here, “m2” denotes the area in square meters (see Taylor 1995), e.g., 1,000 m2 is the area within a 50 x 20 m plot.

6.  Members of the American Ornithological Union’s (AOU) Committee on Classification and Nomenclature keep track of published literature for any systematic, nomenclatural, or distributional information that suggests something contrary to the information in the current checklist or latest supplement.  This could be, for example, on a revision to a taxonomic group or on a species new to the area covered by the AOU.  A member then prepares a proposal for the rest of the committee, summarizing and evaluating the new information and recommends whether a change should be made.  Proposals are sent and discussion takes place by email and a vote is taken.  Proposals that are adopted are gathered together and published every two years in The Auk as a Supplement to the AOU Check-list (R. Banks pers. comm. 2000).

LITERATURE CITED
Adam, P.  1994.  Australian rainforests.  Oxford University Press, New York.  308 p.

Allen, R.B. 1992. RECCE: an inventory method for describing New Zealand’s vegetation cover. For. Res. Inst. Bull. 176.  Christchurch, New Zealand.

Anderson M., P.S. Bourgeron, M.T. Bryer, R. Crawford, L. Engelking, D. Faber-Langendoen, M. Gallyoun, K. Goodin, D.H. Grossman, S. Landaal, K. Metzler, K.D. Patterson, M. Pyne, M. Reid, L. Sneddon, and A.S. Weakley. 1998. International classification of ecological communities; terrestrial vegetation of the United States. Volume II.  The national vegetation classification system: list of types.  The Nature Conservancy, Arlington, Virginia, USA.

Arno, S.F., D.G. Simmerman, and R.E. Keane.  1985.  Forest succession of four habitat types in western Montana. U.S. Department of Agriculture, Forest Service General Technical Report INT-177.

Austin, M. P. and P.C. Heyligers.  1991.  New approaches to vegetation survey design. Pages 31-36 in C.R. Margules and M.P. Austin (eds.).  Nature conservation: cost effective biological surveys and data analysis.  CSIRO, Clayton South, Victoria, Australia. 
Avers, P.E., D. Cleland, W.H. McNab.  1994.  National hierarchical framework of ecological units.  Pages 48-61 in L.H. Foley, compiler. Silviculture: from the cradle of forestry to ecosystem management.  Gen. Tech. Rep. SE-88. Asheville, North Carolina: U.S. Department of Agriculture, Forest Service, Southeastern Forest Experiment Station. 

Bailey, R.G. 1996.  Ecosystem geography. Springer-Verlag, New York. 

Bailey, R.G., M.E. Jensen, D.T. Cleland, and P.S. Bourgeron.  1994.  Design and use of ecological mapping units.  Pages 95-106 in M.E. Jensen and P.S. Bourgeron, editors. Ecosystem management: Principles and applications, Volume II.  USDA Forest Service General Technical Report PNW-GTR-318, Portland, Oregon, USA. 
Barbour, M. 1994.  Special committee on vegetation classification. Bulletin of the Ecological Society of America 75:252-253.

Barbour, M.G., R.F. Fernau, J. M. Rey, N. Jurjavcic, and E. B. Royce.  1998.  Tree regeneration and early succession following clearcuts in red fir forests of the Sierra Nevada, California.  Journal of Forest Ecology and Management 104:101-111.

Barbour, M. G. and W. D. Billings (eds.).  2000.  North American terrestrial vegetation, 2nd ed.  Cambridge University Press, New York.  
Barbour, M., D. Glenn-Lewin and O. Loucks.  2000.  Progress towards North American vegetation classification at physiognomic and floristic levels.  Pages 111-114 in Proceedings, International Association of Vegetation Science Symposium, Opulus Press, Uppsala, Sweden.  
Barbour M., A. Solomesch, C. Witham, R. Holland, R. Macdonald, S. Cilliers, J.A. Molina, J. Buck, and J. Hillman.  2003.  Vernal pool vegetation of California: variation within pools.  Madroño 50:129-146.
Beard, J.S. 1973. The physiognomic approach. In: R.H. Whittaker, Ed. Ordination and classification of communities. Handbook of Vegetation Science 5:355-386. Junk, The Hague.

Berendsohn, W.G., 1995. The concept of "potential taxa" in databases.  Taxon 44:207-212.

Bestelmeyer, B.T., J.R. Brown, K.M. Havstad, R. Alexander, G. Chavez, and J. Herrick.  2003.  Development and use of state-and-transition models for rangelands.  Journal of Range Management 56:114-126.

Borhidi, A.  1996.  Phytogeography and vegetation ecology of Cuba.  Akadémiai Kiadó, Budapest.  

Bourgeron, P.S., and L.D. Engelking (eds.).  1994.  A preliminary vegetation classification of the western United States. Unpublished report prepared by the Western Heritage Task Force for the Nature Conservancy, Boulder, Colorado, USA.  
Braun-Blanquet, J. 1928.  Pflanzensoziologie. Gründzuge der Vegetationskunde. Springer-Verlag, Berlin, Germany. 

Braun-Blanquet, J.  1932.  Plant Sociology: the study of plant communities.  McGraw-Hill, New York, New York, USA. 
Braun-Blanquet, J.  1964. Pflanzensoziologie, Grundzüge der Vegetationskunde. Springer-Verlag, Vienna, Austria. 

Brown, D.E., C.H. Lowe, and C.P. Pase. 1980.  A digitized systematic classification for ecosystems with an illustrated summary of the natural vegetation of North America. USDA Forest Service General Technical Report RM-73. Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colorado, USA.

Bruelheide, H.  2000.  A new measure of fidelity and its application to defining species groups.  Journal of Vegetation Science 11:167-178.

Ceska, A. 1999.  Rejmanek’s proposal to simplify phytosociological nomenclature.  Botanical Electronic News 228:1-2

Chytrý, M., L.Tichý, J. Holt, and Z. Botta-Dukát. 2002.  Determination of diagnostic species with statistical fidelity measures. Journal of Vegetation Science 13:79-90. 

Cleland, D. T., J. B. Hart, G. E. Host, K. S. Pregitzer, and C. W. Ramm.  1994.  Ecological classification and inventory system of the Huron-Manistee National Forest.  U.S. Forest Service, Region 9, Milwaukee, Wisconsin, USA.

Cleland, D.T.; Avers, P.E.; McNab, W.H.; Jensen, M.E.; Bailey, R.G., King, T.; Russell, W.E.  1997.  National Hierarchical Framework of Ecological Units. Pages 181-200 in M.S. Boyce and A. Haney, editors.  Ecosystem Management Applications for Sustainable Forest and Wildlife Resources. Yale University Press, New Haven, Connecticut, USA. 

Cooper, D.J.  1986.  Arctic-alpine tundra vegetation of the Arrigetch Creek Valley, Brooks Range, Alaska.  Phytocoenologia 14:467-555.

Cowardin, L. W., V. Carter, F.C. Golet, and E. T. LaRoe.  1979.  Classification of wetlands and deepwater habitats of the United States. Biological Service Program, U.S. Fish and Wildlife Service, FWS/OBS 79/31. Office of Biological Services, Fish and Wildlife Service, U.S. Department of Interior, Washington, D.C.

Curtis, J.T.  1959.  The vegetation of Wisconsin: an ordination of plant communities. University of Wisconsin Press, Madison, Wisconsin, USA.  657 p.

Damman, A. W. H. 1979. The role of vegetation analysis in land classification.  Forestry Chronicle 55:175-182.

Darman. R.G.  1990.  Circular No. A-16: coordination of surveying, mapping, and related spatial data activities.  Office of Management and Budget, Washington, D.C.

Daubenmire, R.F.  1952.  Forest vegetation of northern Idaho and adjacent Washington, and its bearing on concepts of vegetation classification.  Ecological Monographs 22:301-330.

Daubenmire, R.F.  1953. Classification of the Conifer Forests of eastern Washington and Northern Idaho.  Northwest Science 27:17-24.

Daubenmire, R.F.  1959.  A canopy-coverage method of vegetation analysis.  Northwest Science 33:43-64.

Daubenmire, R.F.  1968.  Plant communities: a textbook of plant synecology.  Harper and Row, New York.  
Daubenmire, R.F.  1978.  Plant Geography, with special reference to North America. Academic Press, New York, New York. 
Daubenmire, R.F. and J.B. Daubenmire.  1968.  Forest vegetation of eastern Washington and northern Idaho.  Washington Agricultural Experiment Station Technical Bulletin 60, Pullman, Washington, USA.

Di Gregorio, A. And L.J.M. Jansen.  1996.  FAO Land cover classification: a dichotomous, modular-hierarchical approach.  Food and Agriculture Organization of the United Nations, Rome, Italy.

Domin, K.  1928.  The relations of the Tatra mountain vegetation to the edaphic factors of the habitat: a synecological study. Acta Botanica Bohemica 6/7:133-164.

Drake, J. and D. Faber-Langendoen.  1997.  An alliance-level classification of the vegetation of the Midwestern United States. A report prepared by The Nature Conservancy Midwest Conservation Science Department for the University of Idaho Cooperative Fish and Wildlife Research Unit. The Nature Conservancy Midwest Regional Office, Minneapolis, Minnesota, USA.

Driscoll, R.S., D.L. Merkel, D.L. Radloff, D.E. Snyder, and J.S. Hagihara.  1984.  An ecological land classification framework for the United States. U.S. Department of Agriculture, Forest Service, Miscellaneous Publication 1439, Washington, D.C.

Ehrlich, P.R. 1997. A world of wounds: ecology and the human dilemma.  Ecology Institute, Oldendorf/Luhe, Germany.  

Ellenberg, H.  1988.  Vegetation ecology of Central Europe.  Fourth edition.  Cambridge University Press, Cambridge, Massachusetts, USA. 
Ellis, S.L., C. Fallat, N. Reece, and C. Riordan.  1977.  Guide to land cover and use classification systems employed by western governmental agencies. FWS/OBS-77/05. Office of Biological Services, Fish and Wildlife Service, U.S. Department of the Interior, Washington, D.C.

Endangered Species Act.  1982.  Public Law 97-304, 92 Stst. 1411, Oct. 13, 1982. USA.

EUROCONTROL and IfEN.  1998.  WGS 84 implementation manual.   European Organization for the Safety of Air Navigation, Brussels, Belgium, and Institute of Geodesy and Navigation, University FAF, Munich, Germany, Version 2.4.  
Eyre, F.H., editor.  1980.  Forest cover types of the United States and Canada. Society of American Foresters, Washington, D.C.

Faber-Langendoen, D., editor.  2001.  Plant communities of the Midwest: classification in an ecological context.  Association for Biodiversity Information, Arlington, Virginia, USA.  705 p.

Faber‑Langendoen, D., and P.F. Maycock.  1987.  Composition and soil-environment analysis of prairies on Walpole Island, southwestern Ontario.  Canadian Journal of Botany 65:2410‑2419.
Faber-Langendoen, D., J. Rocchio, M. Schafale, C. Nordman, M. Pyne, J. Teague, T. Foti, and P. Comer.  2006. Ecological Integrity Assessment and Performance Measures for Wetland Mitigation.  Final Report to US Environmental Protection Agency - Office of Wetlands, Oceans and Watersheds, NatureServe, Arlington, VA.  35 pp. + Appendices.

Faber-Langendoen, D., N. Aaseng, K. Hop, M. Lew-Smith, and J. Drake. 2007a  Vegetation classification, mapping and monitoring at Voyageurs National Park, Minnesota: an application of the U.S. National Vegetation Classification.  Applied Vegetation Science 10:361-374.
Faber-Langendoen, D., D. Tart, A. Gray, B. Hoagland, O. Huber, C. Josse, S. Karl, T. Keeler-Wolf, D. Meidinger, S. Ponomarenko, J-P. Saucier, A. Velázquez-Montes, A. Weakley.  2007b (in prep).  Guidelines for an integrated physiognomic – floristic approach to vegetation classification.  Hierarchy Revisions Working Group, Federal Geographic Data Committee, Vegetation Subcommittee, Washington, DC. 
FGDC.  1997.  Vegetation Classification Standard.  FGDC-STD-005.  Vegetation Subcommittee, Federal Geographic Data Committee, FGDC Secretariat, U.S. Geological Survey. Reston, Virginia, USA.  58p.

FGDC.  2008 (in press).  National Vegetation Classification Standard, Version 2 FGDC-STD-005 (version 2).  Vegetation Subcommittee, Federal Geographic Data Committee, FGDC Secretariat, U.S. Geological Survey. Reston, Virginia, USA.   57p (+ Appendices).
Federal Register.  1994.  Coordinating geographic data acquisition and access: the National Spatial Database Infrastructure.  Executive Order 12906 of April 11, Washington D.C. 

Ferguson, D. E., P. Morgan, and F. D. Johnson (eds.).  1989.  Proceedings, Land Classifications Based on Vegetation: Applications for Resource Management. 17-19 November 1987, Moscow, Idaho. U.S. Department of Agriculture, Forest Service General Technical Report INT 257, Ogden, Utah, USA.

Fernald, M.L. 1950. Gray's Manual of Botany. American Book Company. New York, New York.  FGDC.  1997.  Vegetation classification standard. FGDC-STD-005. Vegetation Subcommittee, Federal Geographic Data Committee. FGDC Secretariat, U.S. Geological Survey, Reston, Virginia, USA.

Flahault, C. and C. Schröter.  1910a.  Pages 12-22 in Phytogeographische Nomenklatur.  Berichte und Anträge 3.  Third International Congress of Botany.  Brussels, Belgium.  
Flahault, C. and C. Schroter. 1910b. Rapport sur la nomenclature phytogeographique. Proc. 3rd Int. Bot. Cong., Brussels 1910, 1:131-64.

Flora of North America Editorial Committee, eds.  1993+.  Flora of North America North of Mexico. 7+ vols.  New York, New York.
Fosberg, F.R.  1961.  A classification of vegetation for general purposes.  Tropical Ecology 2:1–28.

Franklin, J.F., C.T. Dyrness, and W.H. Moir.  1971.  A reconnaissance method for forest site classification. Shinrin Richi 12(1):1-14. 

Gabriel, H.W. and S.S. Talbot. 1984. Glossary of landscape and vegetation ecology for Alaska. Alaska Technical Report 10. Bureau of Land Management, U.S. Department of the Interior, Washington, D.C.

Gauch, H.G.  1982.  Multivariate analysis in community ecology. Cambridge University Press, London, UK. 

Gleason, H. A.  1926.  The individualistic concept of the plant association.  Bulletin of the Torrey Botanical Club 53:7-26.

Grossman, D.H., K.L. Goodin, and C.L. Reuss (eds.). 1994.  Rare plant communities of the coterminous United States: an initial survey.  A report prepared by The Nature Conservancy for the U.S. Fish and Wildlife Service, Idaho Cooperative Fish and Wildlife Research Unit. The Nature Conservancy, Arlington, Virginia, USA.   

Grossman, D.H., D. Faber-Langendoen, A.S. Weakley, M. Anderson, P.S. Bourgeron, R. Crawford, K. Goodin, S. Landaal, K. Metzler, K. Patterson, M. Pyne, M. Reid, and L. Sneddon.  1998.  International Classification of Ecological Communities: terrestrial Vegetation of the United States.  Volume I.  The national vegetation classification system: development, status, and applications.  The Nature Conservancy, Arlington, Virginia, USA.

Hall, G.M.J.  1992.  PC-RECCE: Vegetation inventory data analysis. For. Res. Inst. Bull. 182. Christchurch, New Zealand.

Jackson, J.A. (ed).  1997.  Glossary of geology, 4th Ed. American Geological Institute, Alexandria, Virginia, USA.

Jennings, M.D.  1993.  Natural terrestrial cover classification: assumptions and definitions. GAP Analysis Technical Bulletin 2. U.S. Fish and Wildlife Service, Idaho Cooperative Fish and Wildlife Research Unit, University of Idaho, Moscow, Idaho, USA.

Jennings, M.D.  2000.  Gap analysis: concepts, methods, and recent results.  Journal of Landscape Ecology 15:5-20.

Jennings, M.D., D. Faber-Langendoen, O.L. Loucks, R.K. Peet, and D. Roberts.  2008.  Characterizing Associations and Alliances of the U.S. National Vegetation Classification. Ecological Monographs (accepted).

Jongman, R.H.G., C.J.G. ter Braak, and O.F.R. Van Tongeren. 1995.  Data analysis in community and landscape ecology.  Cambridge University Press, Cambridge, UK.  Kareiva, P., S. Andelman, D. Doak, B. Elderd, M. Groom, J. Hoekstra, L. Hood, F. James, J. Lamoreux, G. LeBuhn, C. McCulloch, J. Regetz, L. Savage, M. Ruckelshaus, D. Skelly, H. Wilbur, K. Zamudio.  1999.  Using science in habitat conservation plans.  Report from National Center for Ecological Analysis and Synthesis, Santa Barbara, California, USA.  [Web resource:  http://www.nceas.ucsb.edu/nceas-web/projects/97KAREI2/hcp-1999-01-14.pdf ]

Kartesz, J. T.  1994.  A synonymized checklist of the vascular flora of the United States, Canada, and Greenland.  Second edition.  Volume 1.  Checklist.  Timber Press, Portland Oregon, USA.
Kartesz, J.T. 1999. A Synonymized Checklist and Atlas with Biological Attributes for the Vascular Flora of the United States, Canada, and Greenland. First Edition.  In Kartesz, J.T., and C.A. Meacham.  Synthesis of the North American Flora, Version 1.0. North Carolina Botanical Garden, Chapel Hill, North Carolina, USA. 

Kent, M. and P. Coker. 1992.  Vegetation description and analysis: a practical approach. Belhaven Press. London, UK.  363 p.

Kimmins, J.P. 1997.  Forest ecology: a foundation for sustainable management. Second edition. Prentice Hall, Upper Saddle River, New Jersey, USA.  .

Klinka, K. H. Qian, J. Pojar, and D.V. Meidinger.  1996.  Classification of natural forest communities of coastal British Columbia, Canada.  Vegetatio 125:149-168.

Klopatek, J.M., R.J. Olson, C.J. Emerson, and J.L. Jones.  1979.  Land use conflicts with natural vegetation in the United States.  Environmental Conservation 6:191-199.

Komárková, V.  1979.  Alpine Vegetation of the Indian Peaks area, Front Range, Colorado Rocky Mountains.  J. Cramer, Vaduz, Lichtenstein. 
Krajina, V.J. 1933. Die Pflanzengesellschaften de Mlynica-Tales in den Vysoke Tatry (Hohe Tatra). Mit besonderer Berücksichtigung der ökologischen Verhältnisse. Botan. Central., Beih. Abt. II, 50:774-957; 51:1-224.

Küchler, A.W.  1988.  The nature of vegetation.  In A.W. Küchler and I.S.Zonneveld, editors. Vegetation mapping, Kluwer Academic Publishers, Dordrecht, Netherlands.

Lapin, M., and B. V. Barnes.  1995.  Using the landscape ecosystem approach to assess species and ecosystem diversity.  Conservation Biology 9:1148-1158.

LaRoe, E.T., G.S. Garris, C.E. Puckett, P.D. Doran, and M.J. Mac, editors.  1995.  Our living resources: a report to the nation on the distribution, abundance, and health of U.S. plants, animals, and ecosystems.  U.S. Department of the Interior, National Biological Service, Washington, D.C. 

Layser, E.F.  1974.  Vegetative classification: its application to forestry in the northern Rocky Mountains. Journal of Forestry 72: 354-357.

Lee, H.T., W.D. Bakowsky, J. Riley, J. Bowles, M. Puddister, P. Uhlig and S. McMurray.  1998.  Ecological land classification for Southern Ontario: First approximation and its application.  Ontario Ministry of Natural Resources, Southcentral Science Section, Science Development and Technology Branch.  SCSS Field Guide FG-02.

Lins, K.F., and R.L. Kleckner.  1996.  Land use and land cover mapping in the United States: An overview and history of the concept.  Pages 56-65 in C.B.Scott et al., editors. Gap analysis: A landscape approach to biodiversity planning.  American Society for Photogrammetry and Remote Sensing, Bethesda, Maryland, USA.  
Loucks, O.L.  1995.  Special committee on vegetation classification: annual report. Bulletin of the Ecological Society of America 76:221-223.

Loucks, O.L.  1996.  100 years after Cowles: a national classification of vegetation.  Bulletin of the Ecological Society of America 77:75-76.

Loveland, T.R., Z. Shu, D.O. Ohlen, J.F. Brown, B.C. Reed, and L. Yang.  1999.  an analysis of the IGBP global land-cover characterization process.  Photogrammetric Engineering & Remote Sensing 65:1021-1032.

Ludwig, J.A. and Reynolds, J.F. 1988. Statistical ecology: a primer on methods and computing.  Wiley, New York.  337 p.

Mac, M.J., P.A. Opler, C.E. Puckett Haeker, and P.D. Doran, editors. 1998. Status and trends of the Nation's biological resources. U.S. Department of the Interior, U.S. Geological Survey, Reston, Virginia, USA.

Mack, R.N.  1986.  Alien plant invasion into the Intermountain West: a case history. Pages 191-212 in  H.A. Mooney and J.A. Drake, editors. Ecology of Biological Invasions of North America and Hawaii. Springer-Verlag, New York. 
McAuliffe, J. R.  1990.  A rapid survey method for the estimation of density and cover in desert plant communities. Journal of Vegetation Science 1:653-656.

McCune, B., and M.J. Mefford.  1999.  Multivariate analysis of ecological data, PC-ORD version 4.17.  MjM Software, Gleneden Beach, Oregon, USA.

McCune, B., J.B. Grace, and D.L. Urban.  2002.  Analysis of ecological communities.  MjM Software Design, Gleneden Beach, Oregon, USA.  
McIntosh, R.P. 1967.  The continuum concept of vegetation.  Botanical Review 45:130-187.

McMillan, C.  1969.  Discussion.  Pages 203-206 in Systematic biology; Proceedings of an International Conference, held at the University of Michigan, Ann Arbor, June 1967.  National Academy of Sciences, Washington, D.C. 
McNab, W.H. and P.E. Avers. 1994. Ecological subregions of the United States: section descriptions. Administrative Publication WO-WSA-5. U.S. Department of Agriculture, U.S. Forest Service, Washington, D.C.

Michener, William K., James W. Brunt, John J. Helly, Thomas B. Kirchner, Susan G. Stafford, 1997. Nongeospatial metadata for the ecological sciences.  Ecological Applications 7:330–342.
Minnesota Natural Heritage Program (Minnesota Department of Natural Resources). 1993.  Minnesota’s native vegetation: a key to natural communities. Version 1.5.  Minnesota Department of Natural Resources Natural Heritage Program, Biological Report No. 20.  St. Paul, Minnesota, USA. 

Moravec,  J.  1973.  The determination of the minimal area of phytocenoses.  Folia Geobotanica et Phytotaxonomica 8:23-47.

Moravec,  J.  1993.  Syntaxonomic and nomenclatural treatment of Scandinavian-type associations and sociations.  Journal of Vegetation Science 4:833-838.

Morse, L.E., L.S. Kutner, and J.T. Kartez.  1995.  Potential impacts of climate change on North American flora.  Pages 392-395 in  E.T. LaRoe, G.S. Garris, C.E. Puckett, P.D. Doran, and M.J. Mac, editors. Our Living Resources: a Report to the Nation on the Distribution, Abundance, and Health of U.S. Plants, Animals, and Ecosystems.  U.S. Department of the Interior, National Biological Service, Washington, D.C.

Mucina, L.  1997.  Conspectus of classes of European vegetation.  Folia Geobotanica et Phytotaxonomica 32:117-172.  

Mucina, L, J.S. Rodwell, J.H.J. Schaminee, and H. Dierschke.  1993.  European vegetation survey: current state of some national programs.  Journal of Vegetation Science 4:429-438.

Mueller-Dombois, D. and H. Ellenberg.  1974.  Aims and methods of vegetation ecology. John Wiley, New York.

Naeem, S., T. Chapin, Robert Costanza, Paul Ehrlich, Frank B. Golley, David Hooper, J. H. Lawton, Robert O'Neil, Harold Mooney, O. Sala, Amy Symstad, and David Tilman. 1999.  Biodiversity and Ecosystem Functioning.  Ecological Issues No. 4.  Ecological Society of America, Washington, D.C.

Nakamura, Y. and M.M. Grandtner.  1994.  A comparative study of the alpine vegetation of Eastern North America and Japan. Pages 335-347 in A. Miyawaki, K. Iwatsuki, and M.M. Grandtner, editors.  Vegetation in Eastern North America.  University of Tokyo Press, Tokyo, Japan. 

Nakamura, Y., M.M. Grandtner, and N. Vilenue.  1994.  Boreal and oroboreal coniferous forest of Eastern North American and Japan.  Pages 121-154 in A. Miyawaki, K. Iwatsuki, and M.M. Grandtner, editors.  Vegetation in Eastern North America.  University of Tokyo Press, Tokyo, Japan.

National Science and Technology Council.  1997.  Integrating the nation's environmental monitoring and research networks and programs: a proposed framework. Committee on Environment and Natural Resources, Environmental Monitoring Team, Washington, D.C.

NatureServe. 2006.  International Ecological Classification Standard: International Vegetation Classification.  Central Databases, NatureServe, Arlington, Virginia, USA.

NatureServe Explorer: an online encyclopedia of life.  2006.  Version 4.7. Arlington, Virginia, USA. [Web resource: http://www.natureserve.org/explorer/] orphan here
Naveh, Z. and R.H. Whittaker.  1979.  Structural and floristic diversity of shrublands and woodlands in northern Israel and other Mediterranean areas.  Vegetatio 41:171-190.
Neilson, R.P.  1995.  A model for predicting continental-scale vegetation distribution and watr-balance.   Ecological Applications 5 (2): 362-385.
Nelson, P. W.  1985.  The terrestrial natural communities of Missouri.  Missouri Department of Natural Resources, Jefferson City, Missouri, USA.

Nicolson, M,. and R.P. McIntosh.  2002.  H.A. Gleason and the individualistic hypothesis revisited.  Bulletin of the Ecological Society of America, 83:133-142.

Noss, R.F., E.T. LaRoe III, and J.M. Scott. 1995.  Endangered ecosystems of the United States: a preliminary assessment of loss and degradation. Biological Report 28, U.S. Department of the Interior, National Biological Service, Washington, D.C.

Noss, R.F. and R.L. Peters.  1995.  Endangered ecosystems: a status report on America's vanishing habitat and wildlife. Defenders of Wildlife, Washington, D.C.

NRCS (U.S. Department of Agriculture, Natural Resources Conservation Service).  2001.  National Soil Survey Handbook, title 430-VI, part 614.05.
Oksanen, J., Roeland Kindt, Pierre Legendre, Bob O'Hara.  2007.  Vegan, an R package for Ordination methods, diversity analysis and other functions for community and vegetation ecologists.  http://cran.r-project.org/src/contrib/Descriptions/vegan.html

Overpeck, J.T., P.J. Bartlein, and T. Bebb III.  1991.  Potential magnitude of future vegetation changes in eastern North America: comparison with the past. Science 254:692-695.

Pearlstine, L, A. McKerrow, M. Pyne, S. Williams, and S. McNulty.  1998.  Compositional groups and ecological complexes: a methodological approach to realistic GAP mapping.  Gap Analysis Bulletin No. 7. National Gap Analysis Program, Moscow, Idaho, USA. 

Peet, R.K. 1980.  Ordination as a tool for analyzing complex data sets. Vegetatio 42:171-174.

Peet, R.K. 1981.  Forest vegetation of the northern Colorado Front Range: composition and dynamics. Vegetatio 45:3-75.

Peet, R.K. 1994.  Vegetation classification in contemporary ecology.  Ecological Society of America, Vegetation Section Newsletter 2-5, Washington D.C.

Peet, R. K., T. R. Wentworth, and P. S. White. 1998. The North Carolina Vegetation Survey protocol: a flexible, multipurpose method for recording vegetation composition and structure. Castanea 63:262-274.

Peinado, M., F. Alcaraz, J. Delgadillo, J.L. Aguirre, J. Alvarez, and M. de la Cruz.  1994.  The coastal salt marshes of California and Baja California: phytosociological typology and zonation.  Vegetatio 110:55-66.

Peinado, M., J.L. Aguirre, and M. de la Cruz.  1998.  A phytosociological survey of the boreal forest (Vaccinio-Piceetea) In: North America.  Plant Ecology 137:151-202.

Pfister, R. D. and S. F. Arno. 1980.  Classifying forest habitat types based on potential climax vegetation. Forest Science 26:52-70.

Pignatti, S., E. Oberdorfer, J.H.J. Schaminee, and V. Westhoff.  1994. On the concept of vegetation class in phytosociology. Journal of Vegetation Science 6:143-152.

Podani, J.  2000.  Introduction to the exploration of multivariate biological data.  Backhuys Publishers, Leiden, Hungary.  

Ponomarenko, S. and R. Alvo.  2000.  Perspectives on developing a Canadian classification of ecological communities.  Canadian Forest Service, Science Branch, Information Report ST-X-18E.  Natural Resources Canada, Ottawa. 

Poore, M. E. D.  1962.  The method of successive approximation in descriptive ecology.  Advances in Ecological Research 1:35-68.

Pyle, R.L.  2004.  Taxonomer: a relational data model for managing information relevant to taxonomic research.  PhyloInformatics 1:1-54.
Raunkiaer, C.  1934.  The life forms of plants and statistical plant geography. Clarendon, Oxford. Reed, R.A., R.K. Peet, M.W. Palmer and P.S. White.  1993.  Scale dependence of vegetation-environment correlations in a Piedmont woodland, North Carolina, USA. Journal of Vegetation Science 4:329-340.

Rejmanek, M.  1997.  Towards a simplification of phytosociological nomenclature.  Folia Geobotanica et Phytotaxonomica 32:419-420.

Reschke, C. 1990.  Ecological communities of New York State.  New York Natural Heritage Program.  New York State Department of Environmental Conservation, Latham, New York, USA.

Reid, M.S., K.A. Schulz, P.J. Comer, M.H. Schindel, D.R. Culver, D.A. Sarr, and M.C. Damm.  1999.  Descriptions of vegetation alliances of the coterminous western United States.  The Nature Conservancy, Boulder, Colorado, USA. 

Rivas-Martínez, D. Sánchez-Mata, and M. Costa. 1999.  North American boreal and western temperate forest vegetation.  Itinera Geobotanica 12:5-316. 
Roberts, D.W.  2006.  LabDSV, an R package for multivariate analysis of ecological data.


http://cran.r-project.org/src/contrib/Descriptions/labdsv.html.
Rodwell, J.S. (ed.).  1991.  British plant communities. Volume I. Woodlands and scrub. Cambridge University Press, New York. 

Rodwell, J.S., S. Pignatti, L. Mucina, and J.H.J. Sohamined.  1995.  European vegetation survey: update on progress. Journal of Vegetation Science 6:759-762.

Rodwell, J.S., J.H.J. Schamineé, L. Mucian, S. Pignatti, J. Dring and D. Moss.  2002.  The diversity of European vegetation.  An overview of phytosociological alliances and their relationships to EUNIS habitats.  Wageningen, NL.  EC-LNV.  Report EC-LNV nr. 2002/054. 

Salisbury, E. J.  1940.  Ecological aspects of plant taxonomy.  Pages 329-340 in Huxley, J., editor.  The new systematics.  Clarendon Press, Oxford, UK.  
Sawyer, J. O. and T. Keeler-Wolf. 1995. A manual of California vegetation. California Native Plant Society, Sacramento, California, USA.

Schafale, M. P., and A. S. Weakley.  1990.  Classification of the natural communities of North Carolina: third approximation. North Carolina Department of Environment, Health and Natural Resources, Division of State Parks and Recreation, Natural Heritage Program, Raleigh, North Carolina, USA.

Schaminée, J.H.J., S.M. Hennekens, and G. Thébaud.  1993.  A syntaxonomical study of subalpine heathland communities in West European low mountain ranges.  Journal of Vegetation Science 4:125-134.

Scott. J. M., F. Davis, B. Csuti, R. Noss, B. Butterfield, C. Groves, H. Anderson, S. Caicco, F. D'Erchia, T. C. Edwards Jr., J. Ulliman, and R. Wright. 1993. Gap Analysis: a geographic approach to protection of biological diversity. Wildlife Monograph 123:1-41.

Scott, J.M., and M.D. Jennings.  1998.  Large-area mapping of biodiversity. Annals of the Missouri Botanical Garden 85:34-47.

Shiftlet, T.N. (ed.).  1994.  Rangeland cover types of the United States. Society for Range Management, Denver, Colorado, USA.

Shimwell, D.W.  1971.  Description and classification of vegetation. Sidgwick and Jackson, London.  

Shmida. A.  1984.  Whittaker’s plant diversity sampling method.  Israel Journal of Botany 33:41-46.

Sims, R. A., W. D. Towill, K. A. Baldwin, and G. M. Wickware.  1989.  Field guide to the forest ecosystem classification for northwestern Ontario.  Forestry Canada, Ontario Ministry of Natural Resources, Thunder Bay, Ontario, Canada.

Smith, M.-L.  1995.  Community and edaphic analysis of upland northern hardwood communities, central Vermont, USA. Forest Ecology and Management 72:239-245.

Sneddon, L., M. Anderson, and K. Metzler. 1994. A classification and description of terrestrial community alliances in the Nature Conservancy's Eastern region: first approximation. A report prepared by the Nature Conservancy Eastern Regional Office for the University of Idaho Cooperative Fish and Wildlife Research Unit. Nature Conservancy Eastern Regional Office, Boston, Massachusetts, USA. 

Specht, R., E.M. Roe, and V.H. Boughton.  1974.  Conservation of major plant communities in Australia and Papua New Guinea. Australian Journal of Botany,  Supplement 7. 

Sperberg-McQueen, C.M. and H. Thompson.  2003.  XML Schema, revision 1.87.  W3C, Massachusetts Institute of Technology, Cambridge, Massachusetts, USA.  
Spribille, T., H.G. Stroh, and F.J. Triepke.  2001.  Are habitat types compatible with floristically-derived associations.  Journal of Vegetation Science 12:791-796.

Spribille, T.  2002.  The mountain forests of British Columbia and the American Northwest: floristic patterns and syntaxonomy.  Folia Geobotanica 37:475-508.

Society for Range Management.  1989.  Glossary of terms used in range management.  Society for Range Management, Denver, Colorado, USA.

Stachurska-Swakon, A. and T. Spribille.  2002.  Forest communities of the northern Whitefish Range, Rocky Mountains, Montana, U.S.A.  Folia Geobotanica 37:509-540.

Stohlgren, T.J., M.B. Falkner, and L.D. Schell.  1995.  A modified-Whittaker nested vegetation sampling method.  Vegetatio 117:113-121.

Tabachnik, B.G., and L.S. Fidell.  1989.  Using multivariate statistics.  Allyn & Bacon, Needham Heights, Massachusetts, USA.  
Tart, D. C.K. Williams, J.P. DiBenedetto, E. Crowe, M.M. Girard, H. Gordon, K. Sleavin, M.E. Manning, J. Haglund, B. Short, and D.L. Wheeler.  2005.  Existing Vegetation Classification Protocol.  Pp. 2-1 to 2-34, In R.J. Brohman and L.D. Bryant (eds).  Existing Vegetation Classification and Mapping Technical Guide Version 1.0.  USDA Forest Service, General Technical Report WO-67. Washington, D.C. 
Taylor, B.N.  1995.  Guide for the Use of the International System of Units (SI).  National Institute of Standards and Technology Special Publication 811, U.S. Government Printing Office, Washington, D.C.  

Thomas, J.W. (ed.).  1979.  Wildlife habitats in managed forests in the Blue Mountains of Oregon and Washington. Agriculture Handbook Number 553. U.S. Department of Agriculture, Forest Service, Washington, D.C.

Tüxen, R. 1956. Die heutige natürliche potentielle Vegetation als Gegenstand der vegetationskartierung.  Remagen. Berichte zur Deutschen Landekunde 19:200-246.

Tyrrell, L. E., G. J. Nowacki, T. R. Crow, D. S. Buckley, E. A. Nauertz, J. N. Niese, J. L. Rollinger, and J. C. Zasada.  1998.  Information about old growth for selected forest type groups in the Eastern United States.  Gen. Tech. Rep. NC-197.  St. Paul, Minnesota: U.S. Department of Agriculture, Forest Service, North Central Forest Experiment Station. 

UNEP/FAO (United Nations Environment Programme/Food and Agriculture Organization of the United Nations). 1995. Background note on ongoing activities relating to land use and land cover classification. United Nations, Nairobi, Kenya. 

UNESCO (United Nations Educational, Scientific, and Cultural Organization).  1973.  International Classification and Mapping of Vegetation. Series 6. Ecology and Conservation. United Nations, Paris, France. 

USDA, NRCS.  2006.  The PLANTS Database, Verson 3.5 (http://plants.usda.gov). Data compiled from various sources by Mark W. Skinner. National Plant Data Center, Baton Rouge, LA 70874-4490 USA. 
U.S. Department of Agriculture, Natural Resources Conservation Service, 2005. National Soil Survey Handbook, title 430-VI.
van der Maarel, E.  2005.  Vegetation ecology – an overview.  Pp 1 – 51 In E. van der Maarel (ed). Vegetation Ecology. Blackwell Publishing.

Vitousek, P.M., H. A. Mooney, J. Lubchenco, J.M. Melillo.  1997.  Human domination of earth’s ecosystems.  Science 277:494-499.

Walker, M.D., D.A. Walker, and N.A. Auerbach.  1994.  Plant communities of a tussock tundra landscape in the Brooks Range Foothills.  Journal of Vegetation Science 5:843-866.

Weakley, A.S., K. Patterson, S. Landaal, M. Pyne, and M. Gallyoun. 1997. An alliance-level classification of the vegetation of the southeastern United States. A report prepared for the University of Idaho Cooperative Fish and Wildlife Research Unit by The Nature Conservancy Southeastern Regional Office, Chapel Hill, North Carolina, USA.

Weakley, A. S., K. D. Patterson, S. Landaal, M. Pyne, and others (compilers).  1998.  International classification of ecological communities: terrestrial vegetation of the southeastern United States.  Working draft of March 1998.  The Nature Conservancy, Southeast Regional Office, Southern Conservation Science Department, Community Ecology Group, Chapel Hill, North Carolina, USA. 

Weber, H.E., J. Moravec, and J.-P. Theurillat.  International Code of Phytosociological Nomenclature. 3rd edition.  Journal of Vegetation Science 11:739-768.

Wellner, C.A. 1989. Classification of habitat types in the Western United States. In:  D.E. Ferguson, P. Morgan, and F.D. Johnson (eds.).  Proceedings, Land Classifications Based on Vegetation: applications for Resource Management. 17-19 November 1987, Moscow, Idaho. U.S. Department of Agriculture, Forest Service General Technical Report INT 257, Ogden, Utah, USA.

Werger, M. J. A.  1973.  Phytosociology of the Upper Orange River Valley, South Africa.  Botanical Research Institute, Department of Agriculture and Fisheries, Pretoria, South Africa.  

Westhoff, V. and E. van der Maarel.  1973.  The Braun-Blanquet approach. In:  R.H. Whittaker (ed.). Handbook of Vegetation Science. Part V. Ordination and Classification of Communities. Junk, The Hague, The Netherlands. pp 617-726.

Whittaker, R.H.  1956.  Vegetation of the Great Smoky mountains. Ecological Monographs 26:1-80.

Whittaker, R.H. 1962.  Classification of natural communities. Botanical Review 28:1-239.

Whittaker, R.H.., editor.  1973.  Ordination and Classification of Communities. Handbook of Vegetation Science 5. Junk, The Hague.

Whittaker, R.H.  1973a.  Approaches to classifying vegetation. Pages 323-354 in R.H. Whittaker, editor. Ordination and Classification of Communities. Handbook of Vegetation Science 5 Junk, The Hague.

Whittaker, R.H.  1975.  Communities and ecosystems.  Second edition.  MacMillan, New York.

Whittaker, R.H., W.A. Niering, and M.D. Crisp.  1979.  Structure, pattern, and diversity of a mallee community in New South Wales.  Vegetatio 39:65-76.

Whittaker, R.H.  1960.  Vegetation of the Siskiyou Mountains, Oregon and California.  Ecological Monographs 30:279-338.

Wilson, M.V., and A. Shmida.  1984.  Measuring beta diversity with presence-absence data.  Journal of Ecology 72:1055-1064.

Wilcove, D.S., D. Rothstein, J. Dubow, A. Phillips, and E. Losos. 1998. Quantifying threats to imperiled species in the United States: assessing the relative importance of habitat destruction, alien species, pollution, overexploitation, and disease. BioScience 48:607-616.

Yorks, T.E., and S. Dabydeen. 1998.  Modification of the Whittaker sampling technique to assess plant diversity in forested natural areas.  Natural Areas Journal 18:185-189.
	Table 1.  Some examples of applications of the NVC and their scales.

	Application
	Scale

	Describing vegetation classification (synecological) attributes of a forest stand

Assessing the gradients of vegetation within a landscape
	Single patch (0.01-1 ha)
1 – 10,000 ha

	Describing the diversity of vegetation types over a large administrative unit such as a National Forest

Determining how intact the vegetation of a region is through comparative analysis.
	10,000 – 1,000,000 ha
10,000 – 1,000,000 ha

	Quantifying the relationship between biodiversity and productivity in temperate grasslands
	>1,000,000 km2 

	Modeling patterns of vegetation in relation to ecoregions or climate change


	continental, global



	Table 2a.  A crosswalk of strata categories (left column) with common growth form and size class categories (all other columns).  Size classes in italics are optional for overall characterization of vegetation structure and physiognomy. 



	Stratum
	Growth Form

	
	Tree
	Shrub
	Herb
	Non-vascular

	
	Size Classes:
	Size Classes:
	
	

	
	Regeneration
	Over-story
	Tall

Shrub
	Medium

Shrub
	Low Shrub
	
	

	
	Seedling
	Sapling
	
	
	
	
	
	

	Tree Stratum
	
	
	x
	(x)
	
	
	
	

	Shrub Stratum
	x
	x
	
	x
	x
	
	
	

	Field (Herb) Stratum
	x
	
	
	
	
	x
	x
	

	Nonvascular Stratum Ground)
	
	
	
	
	
	
	
	x

	Floating Stratum
	
	
	
	
	
	
	x
	

	Submerged Stratum
	
	
	
	
	
	
	x
	X


x – Indicates the most common combination of growth form layer and stratum.

(x) – Indicates an occasional combination of growth form layer and stratum.

Table 2b. A method for estimating stratum cover from the cover values of individual species occurring in that stratum.   
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	This method assumes a constant relationship between species cover sum and percent overlap, which is probably not true under all conditions.  It also does not account for positive or negative relationships between species such as nurse crops and allelopathic plants. Given these points, it is possible to approximate the percent cover of a single stratum, based on the individual cover of the species in that stratum (Jennings et al. 2006), based on the following equation:  
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where Ci is the percent cover of stratum i for species or growth form j in stratum i.  and Π is the product symbol.
The equation may also be used to approximate the percent cover of a single species across multiple strata, where a total percent cover of that species is desired. In the example, the minimum cover possible would be 40%, the cover of the most abundant species (presuming complete overlap with the other two species) and the maximum possible cover would be 85%,the cover of each species added together (presuming no overlap among the species). The equation assumes there is at least some overlap, and uses a standard formula to estimate the percent of overlap.  In this example the canopy cover of the shrub stratum is estimated to be 64%. 

	Species (j) occurring in the shrub stratum (i)
	Actual cover in %
	Step 1:
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	 Acer glabrum
	15
	0.85a
	1 - 0.357 = 0.643
	0.643 * 100 = 64.3

	 Spiraea douglasii
	40
	0.6b
	
	

	 Vaccinium scoparium
	30
	0.7c
	
	

	Π (the product of a * b * c)
	
	0.357
	
	



Table 3.  Comparison of commonly used cover-abundance scales in the United States. Agencies and authors are abbreviated as: BB=Braun-Blanquet (1928 XE "Braun-Blanquet (1928" );  NC=North Carolina Vegetation Survey (Peet et al. 1998 XE "Peet et al. 1998" ); K=Domin sensu Krajina (1933); DAUB=Daubenmire (1959); XE "Domin (1928)"   FS (Db)=Forest Service, modified Daubenmire (1959) scale;  PA=Pfister and Arno (1980); NZ=New Zealand LandCare (Allen 1992, Hall 1992 XE "Allen 1992, Hall 1992" ); BDS=Barkman et al. (1964); D=Domin (1928); FS (eco) = Hann et al. (1988), Keane et al. (1990) for the U.S. Forest Service ECODATA software).  Break points shown in the Cover-abundance column reflect the major break points of the Braun-Blanquet scale, which is considered the minimum standard for cover classes.  Among the available cover class systems, the NC and K cover class systems can be unambiguously collapsed to the B-B standard, and the D, DAUB, FS, PA and NZ scales are for all practical purposes collapsible into the B-B scale without damage to data integrity.  The BDS and WHTF are somewhat discordant with the B-B standard and should be avoided except when required for incorporation of legacy data.
	Cover-abundance
	BB
	NC
	K
	DAUB
	FS(Db)
	PA
	NZ
	BDS
	D
	FS(eco)

	Present but not in plot
	(  )†
	
	
	
	
	+
	
	
	
	

	Single individual
	r
	1
	+
	1
	T
	T
	1
	-
	+
	1

	Sporadic or few
	+
	1
	1
	1
	T
	T
	1
	-
	1
	1

	0 - 1%
	1‡
	2
	2
	1
	T
	T
	1
	-
	2
	1

	1 - 2%
	1
	3
	3
	1
	1
	1
	2
	-
	3
	3

	2 - 3%
	1
	4
	3
	1
	1
	1
	2
	0
	3
	3

	3 - 5%
	1
	4
	3
	1
	1
	1
	2
	0
	4
	3

	5 - 6.25%
	2
	5
	4
	2
	2
	2
	3
	1
	4
	10

	6.25 – 10%
	2
	5
	4
	2
	2
	2
	3
	1
	4
	10

	10 – 12.5%
	2
	6
	5
	2
	2
	2
	3
	1
	5
	10

	12.5 – 15%
	2
	6
	5
	2
	2
	2
	3
	1
	5
	10

	15 – 25%
	2
	6
	5
	2
	2
	2
	3
	2
	5
	20

	25 – 30%
	3
	7
	6
	3
	3
	3
	4
	3
	6
	30

	30 – 33%
	3
	7
	6
	3
	3
	3
	4
	3
	6
	30

	33 – 35%
	3
	7
	7
	3
	3
	3
	4
	3
	7
	30

	35 – 45%
	3
	7
	7
	3
	3
	3
	4
	4
	7
	40

	45 – 50%
	3
	7
	7
	3
	3
	3
	4
	5
	7
	50

	50 – 55%
	4
	8
	8
	4
	4
	4
	5
	5
	8
	50

	55 – 65%
	4
	8
	8
	4
	4
	4
	5
	6
	8
	60

	65 – 75%
	4
	8
	8
	4
	4
	4
	5
	7
	8
	70

	75 – 85%
	5
	9
	9
	5
	5
	5
	6
	8
	9
	80

	85 – 90%
	5
	9
	9
	5
	5
	5
	6
	9
	9
	90

	90 – 95%
	5
	9
	9
	5
	5
	5
	6
	9
	10
	90

	95 – 100%
	5
	10
	10
	6
	6
	6
	6
	10
	10
	98

	†   Species present in the stand but not in the plot are usually added in parentheses to the species list.

	‡   This is a cover/abundance scale; if numerous individuals of a taxon collectively contribute less than 5% cover, then the taxon can be assigned a value of 1 or, if very sparse, a “+.”


Table 4a.  Summary table of vegetation layer, or strata, data from field plots for a given type.

	Layer
	Height Class
	Average % Cover
	Minimum % Cover
	Maximum % Cover

	Tree
	
	
	
	

	Shrub
	
	
	
	

	Field (Herb)
	
	
	
	

	Ground (Moss) 
	
	
	
	

	Floating Aquatic
	
	
	
	

	Submerged Aquatic
	
	
	
	


Table 4b.  Summary table of vegetation growth forms for a given type.  Only growth forms found in the type are shown.
	Major Growth Form
	Specific Growth Form
	Size Class (not shown)*
	Avg % Cover
	Min% Cover
	Max% Cover

	Tree
	
	
	
	
	

	
	Needleleaf tree*
	
	
	
	

	
	Broadleaf deciduous tree*
	
	
	
	

	Shrub
	
	
	
	
	

	
	Broadleaf deciduous shrub**
	
	
	
	

	
	Dwarf-shrub
	
	
	
	

	Field (Herb)
	
	
	
	
	

	
	Graminoid
	
	
	
	

	
	Forb (including ferns)
	
	
	
	

	Ground (Moss)
	
	
	
	
	

	
	Moss 
	
	
	
	


*If desired, size classes for overstory versus regeneration, and for tall shrub and medium shrub can be provided (see Table 2).

Table 5.  A stand table of floristic composition for each stratum. 

	Species Name
	Stratum
	1, Dominant

2, Characteristic 

3. Constant
	Constancy


	Av. % Cover
	Min. %

Cover
	Max. % Cover

	Species 1
	
	
	
	
	
	

	Species 2
	
	
	
	
	
	

	Species 3
	
	
	
	
	
	

	Species n 
	
	
	
	
	
	


Table 6.  Constancy classes. (from Westhoff and van der Maarel 1973)
	Constancy Classes
	Relative (%) Constancy

	I
	1-20

	II
	21-40

	III
	41-60

	IV
	61-80

	V
	81-100


FIGURES
Fig. 1.  Categories and examples of the National Vegetation Classification, showing the levels from Class to Association.  The FGDC (1997) standard also includes two higher levels above Class: Division and Order. 
Fig. 2.  An illustration of strata showing growth forms of individual plants as may be found in a plot (the ground stratum is not delineated).  Height is shown in meters.  The field stratum is between 0 and 0.5 m; the shrub stratum is from 0.5 to 3.5 m; and the tree stratum is from 3.5 to 12 m. Assignment of individual plants to a stratum is based on height and growth form as follows: A. A plant having an herbaceous growth form.  Although projecting vertically into the shrub stratum it is excluded from being recorded as part of the shrub stratum canopy cover since its stems die and regrow each year.  B. A plant having a dwarf shrub growth form is recorded as part of the field stratum. If desired, a separate dwarf-shrub substratum can be recognized.  C. A moss; recorded as part of the ground stratum.  D. A plant having a tree growth form but at a sapling stage of life.  This individual is recorded as part of the shrub stratum canopy.  E. A plant having a tree growth form but at a seedling stage of life.  This plant is recorded as part of the field stratum canopy.  F. Mature trees, recorded as part of the tree stratum.  G. A sapling, as in D.  H. A plant having a shrub growth form; recorded as part of the shrub stratum canopy cover.  I. A plant having an herb growth form and projecting into the shrub stratum; excluded from being recorded as part of the shrub stratum canopy (as in A). 

Fig. 3.  Flow of information through the process for formal recognition of an association or alliance.  Beginning at the top, field plot data are collected, plot data are submitted to the plots database (VegBank), data are analyzed, and a proposal describing a type is submitted for review.  If accepted by reviewers, the type description is classified under the NVC, the monograph is published, and the description made available.

Fig. 1.  Categories (levels) and examples of the National Vegetation Classification, showing the levels from Formation Class to Association (FGDC 2008).  These levels are a revision of the FGDC (1997) levels.  
Category . . . .

Example (colloquial name only in upper and mid levels)
Upper Levels
Formation Class . . . .  Shrubland & Grassland
Formation Subclass . . Temperate & Boreal Shrubland & Grassland
Formation  . . . . .

Temperate Shrubland & Grassland
Mid Levels
Division  . . . .


     North American Great Plains Grassland & Shrubland
            Macrogroup . . . . 

Great Plains Tallgrass Prairie & Shrubland


Group . . . . . . .   

Great Plains Mesic Tallgrass Prairie

Lower Levels


Alliance . . . .               Andropogon gerardii – (Calamagrostis canadensis, Panicum virgatum) Grassland alliance (Wet-mesic Tallgrass Prairie)


Association . .             Andropogon gerardii – Panicum virgatum – Helianthus grosseserratus Grassland association  (Central wet-mesic Tallgrass Prairie)
Fig. 2.  An illustration of strata showing growth forms of individual plants as may be found in a plot (the ground stratum is not delineated).  Height is shown in meters.  The field stratum is between 0 and 0.5 m; the shrub stratum is from 0.5 to 3.5 m; and the tree stratum is from 3.5 to 12 m. Assignment of individual plants to a stratum is based on height and growth form as follows: A. A plant having an herbaceous growth form.  Although projecting vertically into the shrub stratum it is excluded from being recorded as part of the shrub stratum canopy cover since its stems die and regrow each year.  B. A plant having a dwarf shrub growth form is recorded as part of the field stratum. If desired, a separate dwarf-shrub substratum can be recognized.  C. A moss; recorded as part of the ground stratum.  D. A plant having a tree growth form but at a sapling stage of life.  This individual is recorded as part of the shrub stratum canopy.  E. A plant having a tree growth form but at a seedling stage of life.  This plant is recorded as part of the field stratum canopy.  F. Mature trees, recorded as part of the tree stratum.  G. A sapling, as in D.  H. A plant having a shrub growth form; recorded as part of the shrub stratum canopy cover.  I. A plant having an herb growth form and projecting into the shrub stratum; excluded from being recorded as part of the shrub stratum canopy (as in A). 
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Fig. 3.  Flow of information through the process for formal recognition of an association or alliance.  Beginning at the top, field plot data, existing summary data, or literature based on field plot data, are collected or compiled, thedataare submitted to a publicly available database (such as VegBank), data are analyzed, and a proposal describing a type is submitted for review.  If accepted by reviewers, the type description is classified under the NVC, the monograph is published, and the description made available.
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Text Boxes

Text Box 1.  Guiding principles of the FGDC National Vegetation Classification Standard (FGDC 1997 XE "FGDC 1997" ).

Text Box 2.  Required topical sections for monographic description of alliances and associations.

Text Box 3.  Examples of association and alliance names.





 
























Text Box 2. Required topical sections for monographic description of alliances and associations (see Appendix D for a completed example).





OVERVIEW


Proposed names of the type (scientific, common, colloquial).	


Hierarchical level of the vegetation type.


Placement in hierarchy.  


A brief description of the overall type concept.


Classification comments.


Rationale for nominal species or physiognomic features.





VEGETATION


Physiognomy and structure.


Floristics.


Dynamics.





ENVIRONMENT


Environment description.





DISTRIBUTION


A description of the range/distribution.


A list of U.S. states and Canadian provinces where the type occurs or may occur.


A list of any nations outside the U.S. and Canada where the type occurs or may occur.





PLOT SAMPLING AND ANALYSIS


Plots used to define the type. 


Location of archived plot data.


Factors affecting data consistency.  


The number and size of plots.


Methods used to analyze field data and identify the type.


Details of the methods used to analyze field data.


Criteria for defining the type.





CONFIDENCE LEVEL


Overall confidence level for the type (see Section 7).





CITATIONS


Synonymy


Full citations for any sources


Author of Description


	


DISCUSSION


Possible sub-association or -alliance types or variants, if appropriate, should be discussed here along with other narrative information.











Text Box 3.  Examples of association and alliance names.





Examples of association names:


Schizachyrium scoparium - (Aristida spp.) Herbaceous Vegetation


Abies lasiocarpa / Vaccinium scoparium Forest


Metopium toxiferum - Eugenia foetida - Krugiodendron ferreum - Swietenia mahagoni / Capparis flexuosa Forest


Rhododendron carolinianum Shrubland 


Quercus macrocarpa - (Quercus alba - Quercus velutina) / Andropogon gerardii Wooded Herbaceous Vegetation





Examples of alliance names:


Pseudotsuga menziesii Forest Alliance


Fagus grandifolia - Magnolia grandiflora Forest Alliance


Pinus virginiana - Quercus (coccinea, prinus) Forest Alliance


Juniperus virginiana - (Fraxinus americana, Ostrya virginiana) Woodland Alliance


Pinus palustris / Quercus spp. Woodland Alliance


Artemisia tridentata ssp. wyomingensis Shrubland Alliance


Andropogon gerardii - (Calamagrostis canadensis, Panicum virgatum) Herbaceous Alliance








Text Box 1.  Guiding principles of the FGDC Vegetation Classification Standard (FGDC 2008).


Develop a scientific, standardized classification system, with practical use for conservation and resource management.


Classify existing vegetation.  Existing vegetation is the plant cover, or floristic composition and vegetation structure, documented to occur at a specific location and time, preferably at the optimal time during the growing season.  This Standard does not directly apply to classification or mapping of potential natural vegetation.


Classify vegetation on the basis of inherent attributes and characteristics of the vegetation structure, growth form, species and cover, emphasizing both physiognomic and floristic criteria. 


Base criteria for the types on ecologically meaningful relationships; that is, abiotic, geographic and successional relationships help to organize the vegetation into types and levels.


Organize types by a hierarchy.  The NVC is hierarchical (i.e., multi-leveled), with a small number of generalized types at the higher level and an increasingly large number of more detailed types at the lower levels. Having multiple levels allows for applications at a range of scales (UNEP/FAO 1995, Di Gregorio and Jansen 1996). 


The upper levels of the NVC are based primarily on the physiognomy (growth form, cover, structure) of the vegetation (not individual species), lower levels are based primarily on floristics (species composition and abundance), and mid levels are based on a combination of vegetation criteria.


Describe types based on plot data, using publicly accessible data wherever possible.


Modify the classification through a structured peer review process.  The classification standard shall be dynamic, allowing for refinement as additional information becomes available.


Facilitate linkages to other classifications and to vegetation mapping (but the classification is not a map legend).


The classification is applicable over extensive areas. 


The classification shall avoid developing conflicting concepts and methods through cooperative development with the widest possible range of individuals and institutions. 


Application of the classification shall be repeatable and consistent. 


When possible, the classification standard shall use common terminology (i.e., terms should be understandable and jargon should be avoided). 








The classification is applicable over extensive areas.


The vegetation classification standard is compatible, wherever possible, with other Earth cover/land cover classification standards.  


The classification will avoid developing conflicting concepts and methods through cooperative development with the widest possible range of individuals and institutions.


Application of the classification must be repeatable and consistent.


When possible, the classification standard will use common terminology (i.e., terms should be understandable, and jargon should be avoided).


For classification and mapping purposes, the classification categories were designed to be mutually exclusive and additive to 100% of an area when mapped within any of the classification’s hierarchical levels (Division, Order, Class, Subclass, Subgroup, Formation, Alliance, or Association).   Guidelines have been developed for those instances where placement of a floristic unit into a single physiognomic classification category is not clear.  Additional guidelines will be developed as other such instances occur.


The classification standard will be dynamic, allowing for refinement as additional information becomes available.


The NVCS is of existing, not potential, vegetation and is based upon vegetation condition at the optimal time during the growing season.  The vegetation types are defined on the basis of inherent attributes and characteristics of the vegetation structure, growth form, and cover.


The NVCS is hierarchical (i.e., aggregatable) to contain a small number of generalized categories at the higher level and an increasingly large number of more detailed categories at the lower levels.  The categories are intended to be useful at a range of scales (UNEP/FAO 1995, Di Gregorio and Jansen 1996). 


The upper levels of the NVCS are based primarily on the physiognomy (life form, cover, structure, leaf type) of the vegetation (not individual species).  The life forms (e.g., herb, shrub, or tree) in the dominant or uppermost stratum will predominate in the classification of the vegetation type.  Climate and other environmental variables are used to help organize the standard, but physiognomy is the driving factor.    


The lower levels of the NVCS are based on actual floristic (vegetation) composition.   The data used to describe Alliance and Association types must be collected in the field using standard and documented sampling methods.  The Alliance and Association units are derived from these field data.  These floristically-based classes will be nested under the physiognomic classes of the hierarchy.

































































Text Box 3.  Examples of association and alliance names.





Examples of association names:


Abies lasiocarpa / Vaccinium scoparium Forest association


Metopium toxiferum - Eugenia foetida - Krugiodendron ferreum - Swietenia mahagoni / Capparis flexuosa Forest association


Rhododendron carolinianum Shrubland association


Quercus macrocarpa - (Quercus alba - Quercus velutina) / Andropogon gerardii Savanna association 


Schizachyrium scoparium - (Aristida spp.) Grassland association





Examples of alliance names:


Pseudotsuga menziesii Forest alliance


Fagus grandifolia - Magnolia grandiflora Forest alliance


Pinus virginiana - Quercus (coccinea, prinus) Forest alliance


Juniperus virginiana - (Fraxinus americana, Ostrya virginiana) Woodland alliance


Pinus palustris / Quercus spp. Woodland alliance


Artemisia tridentata ssp. wyomingensis Shrubland alliance


Andropogon gerardii - (Calamagrostis canadensis, Panicum virgatum) Grassland alliance























� EMBED Equation.3  ���
























































64
65

_1149405159.unknown

_1149406128.unknown

_1218603522.unknown

_1149235041.unknown

