NBS/NPS Vegetation Mapping Program

Field Methods for Vegetation Mapping — Final Draft



5.0 Field Methods 
The vegetation will be sampled to identify and characterize the full representation of all vegetation types across a park and to identify the photographic signatures that are associated with each type.  The samples chosen to characterize the full variation of vegetation types will be determined through an environmental stratification approach, which will ensure a broad approach to sampling that should portray the fullest possible range of representative variation of all vegetation types across the park.  The number of sample points for each vegetation type will depend on the amount of information that has already been gathered about the vegetation type, the inherent variability of the vegetation type, and the complexity of the environment.  Sampling intensity will be further clarified in Section 5.3.
5.1 Ascertaining How Much of the Park will be Sampled
The geographic extent of vegetation sampling from one park to another will vary upon the individual conditions of the park.  The size of a park and other factors that limit accessibility will be the primary determinants of the extent of the park that can be sampled.  The four approaches to sampling that will be used are presented in Table 1 and illustrated in Figure 2.  The sampling approach will be designated on an individual park basis, depending on conditions and complexity.

5.1.1 Small Parks

For parks in the "Small" category, it will be possible to visit most, if not all, vegetation polygons.  Environmental characterization of the park will be completed to help characterize the vegetation types and explain their distribution across the park. 

5.1.2 Medium Parks

In the "Medium" category, the sample area will consist of the entire park.  Environmental stratification will be carried out to map the biophysical units across the park.  Representative polygons for each vegetation type will be selected for sampling across the park based on the stratification of each type across the different biophysical environments.

5.1.3 Large Parks

For parks that fall within the "Large" category and those without full accessibility, pilot areas will be identified to represent the greatest possible diversity of vegetation across the park.  An environmental stratification will be completed for all parks using the gradsect approach (Austin and Heyligers, 1989), and the resulting map of biophysical units will be used to determine the pilot area(s) that will be sampled.  Pilot areas will be selected to include a minimum of 15 percent of the areal coverage of each biophysical class across the park (see Section 5.2.1 below).  Concentration of the greatest number of biophysical units (steep environmental gradients) and efficiency of sampling (accessibility) will determine the selection of pilot areas that represent the full array of environments across the park.  

Photointerpretation will then provide a first approximation of  the vegetation types within the pilot areas and sample plots will be allocated to each vegetation class as stratified across each biophysical class (see Section 5.2.2 below).  Additional pilot areas will be selected wherever photographic signatures have been noted that are not represented in the initial set of pilot areas.

5.1.4 Very Large Parks

The "Very Large" park category refers both to the actual size of the park and to the complexity of the environments encompassed by the park.  Very large parks are those that extend over more than one major physiographic province or ecoregion.  As such, the key environmental variables that are affecting the distribution of the vegetation will be significantly different in each region within the park.  An efficient sampling approach in these situations will require the initial separation of the park into the different ecoregions, and these must be sampled individually by the appropriate method for the size and complexity of that region.  Where there are very large ecoregions represented in one park, each region will be treated as a separate "Large" park for sampling purposes.  Where one of the ecoregions may be a small component of the park, it may receive the sampling treatment of a "Small" or "Medium" park.  As in all sampling approaches, any new photographic signatures that fall outside of the pilot areas must be included as additional pilot areas.

Table 1.  Park Size and Sampling Strategy
	Park Size Class  
	Approximate Size
	Sampling Approach

	Small Park
	< 1 km2
	Every polygon

	Medium Park
	1 – 100 km2
	Representative polygons across entire park

	Large Park
	100 – 2,500 km2
	Gradsect

	Very Large Park
	> 2,500  km2 
	Multiple gradsects per ecoregion
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Figure 2: Park Size and Sampling Strategy

5.2 Identifying Where Sample Areas will be Located within the Park 
Pilot areas for sampling will be selected to represent the expected variation of vegetation types across the park.  This will be accomplished through spatial analysis of key environmental gradients in conjunction with land use and disturbance history across the park.  Those subsets of the park that are accessible and represent the full set of variation of the environmental, land use, and disturbance variables will be selected for the pilot areas for sampling.  Within these pilot areas, the vegetation sampling protocol will be directed through the interpretation of patterns that can be recognized from aerial photography.

5.2.1 Environmental Stratification (Gradsect Approach)

Environmental stratification methods will be applied to locate pilot sampling areas when it is not possible to cover the entire park due to size and accessibility criteria.  The second benefit of the environmental stratification approach is that it builds a stronger knowledge of the relationship between the vegetation and the key ecological processes and environmental variables.  A description of the application of these methods by The Nature Conservancy is provided in Appendix 12.2.

Key environmental variables will be identified across the park.  These variables are based on prior knowledge of major environmental factors that are believed to determine the distribution of the vegetation.  Up to three of these variables will be chosen and broken down into three to five classes that are ecologically relevant.  Each of these environmental 'themes' will be mapped across the park and the maps of all themes combined to generate a working map of the biophysical environments of the park which represent unique combinations of all the variables and classes across the park (see Figure 3).  

The pilot sample sites will be chosen to contain a minimum area (15%) of all representative biophysical units across the park.  These represent areas with sharp environmental gradients that will reflect all biophysical environments in relatively small and contained areas that are preferentially accessible for sampling.  There are some parks where one of these "gradsects" can account for all of the biophysical environments, but it is usually necessary to identify two or more "gradsects" to fully capture the key environmental gradients for sampling.
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5.2.2 Imagery Stratification through Photointerpretation

The photointerpretation process will proceed step by step along with the environmental stratification and vegetation sampling.  The imagery will be interpreted for patterns of tone, texture, color, and contrast to identify homogeneous patches of vegetation.  These patterns will be assigned to a preliminary vegetation type from the NVCS based on the preliminary review of the vegetation types in the park.  The complete range of photo signatures will need to be represented in the sampling areas to ensure they are fully interpreted in relation to the vegetation types across the park.  Where the signatures pose interpretation questions, additional samples will be selected to clarify their biological meaning.

5.2.3 Combined Environmental and Imagery Stratification

The stratification of the landscape into sampling area and sampling units will, therefore, be a result of both environmental characterization and imagery interpretation.  Pilot areas that are determined through the environmental gradsect approach will be supplemented by additional pilot areas reflecting photo signatures that have not been included.

5.2.4 Other Issues Directing Sampling 

There are many other practical criteria and issues that also affect where and how sampling will need to proceed.  These criteria are primarily associated with accessibility and sensitivity issues that will affect which polygons can efficiently and safely be chosen for sampling and where the actual samples can be placed on the landscape.  

5.2.4.1 Accessibility
Accessibility to many areas will be limited by the physical terrain (e.g., stability, elevation, slope) or actual time and logistics of the travel that would be required.  There may be limited access to private property surrounding the park based on concerns of the local landowners.  All of these issues will need to be thoroughly addressed in the development of the sampling protocol.

5.2.4.2 Sensitivity
Field sampling sites will be chosen to avoid adverse effects to populations of rare and threatened species and sensitive habitats, and to prevent undue or undesired interference with species behavior patterns.  

5.2.4.3 Safety
The safety of the field team will be considered both in terms of the physical terrain and the reaction of certain species to the presence of field crews.  The sampling crew must be aware of danger that certain sites may pose from certain species at certain times of the year and select their sites accordingly.

5.2.4.4 History of Land Use and Disturbance
The distribution of the vegetation across the landscape may be different than expected due to historical land uses or patterns of natural disturbance.  The patterns of land use, heavily managed landscapes and location of major disturbance events need to be recognized early in the sample allocation process to ensure that these areas are effectively sampled to reflect the additional land cover variation across the landscape.

5.2.4.5 Research Needs
All major research agendas for the park will be assessed early in the process to make sure that this program assists their data needs wherever possible.  In some cases the selection of particular polygons for sampling will directly support a research project.  Other projects will directly benefit from the collection of additional data.  There will be many opportunities where a minimal alteration of standard sampling protocol will help the park or individual researcher meet critical research goals.

5.3 Determining How the Plots will be Allocated within the Sample Areas
Once the general sampling strategy is determined based on the size of the park and accessibility issues, individual polygons will be selected for plot sampling.  The following section describes the number of plots that will be placed in each vegetation type and describes how the polygons will be selected within the sample areas.  The methods for placement of the plots within the polygons and the plot size, shape, and methods for marking permanent plots is also discussed. 

5.3.1 Total Number of Plots and Plot Distribution

For small parks, a plot will be placed in every vegetation polygon that has been identified on the aerial photographs.  For medium, large, and very large parks, at least ten plots of each vegetation type on the park will be sampled.  In parks for which an environmental stratification is used, the plots will be distributed so that at least one plot is placed in every unique environmental cell in which a particular vegetation type occurs.  Within each unique environmental cell type, plots will be located in randomly selected polygons.  For medium parks, the polygons will be selected from across the entire park.  For large and very large parks, the polygons will be selected from within the pilot area.  In addition to the environmental stratification, plots will also be placed in polygons that represent the full variability of the signatures.  If inaccessible polygons are selected through this process, they will be replaced with another randomly selected, accessible site with the same vegetation according to a fixed set of decision rules.  This will generally be determined prior to the field visit.

There are several special cases that will require greater or fewer than ten plots per vegetation type to be taken.  If the vegetation type falls into more than ten environmental cells, then more than ten plots will be sampled for that vegetation type.  More than ten plots per vegetation type will also be taken for types that are particularly variable, or those for which there is relatively little data available across their range.  For vegetation types that occur in fewer than ten polygons, all polygons will be sampled.  Fewer than ten plots may also be taken for vegetation types that are particularly homogeneous or those for which the vegetation is extremely well known. 

If there is existing plot data for vegetation types in the park that meet the data standards (e.g.,  precise location information and complete species lists, environmental information, etc.) and plot allocation standards (e.g., distributed across environmental cells), these plots will be used as a substitute for plots allocated in the standard sample allocation procedure.  If there are not at least ten plots for each vegetation type in the existing field data set, or if the data are not stratified across all environmental cells, additional field data will be collected to supplement these data.

5.3.2 Number of Plots per Polygon

One plot per polygon across the sample area will generally be taken.  Exceptions requiring more than one plot per polygon include (1) where multiple vegetation types appear to be present within a single polygon delineated on an aerial photo (note: where this occurs, the photointerpretation will be revised to represent actual ground conditions), (2) where the polygons are very large, (3) where polygons contain extremely complex or heterogenous vegetation cover, (4) where the vegetation types have very few occurrences across the park.  In these cases additional plots will be taken to accurately assess the classification of the map units and to provide enough information to describe them in sufficient detail.

5.3.3 Plot Placement

Plots will be placed in representative structurally and floristically homogeneous areas of the polygon at least 30 meters from the boundary between two or more vegetation types.  Structural uniformity will be assessed by evaluating all layers of the vegetation.  Floristic homogeneity will be assessed by evaluating the general uniformity and consistency in species composition, especially with respect to the dominants (Mueller-Dombois and Ellenberg, 1974).  In cases where a vegetation polygon unit appears to be extremely heterogeneous, multiple plots will be taken (see above).

5.3.4 Plot Size (Area) and Plot Shape

When determining the appropriate plot size needed to sample the vegetation, the goal is to select a minimum area that will fully represent the species composition of the community.  The minimal area can vary widely depending on the structure, scale of patterning, and species diversity of the community.  The plot areas and dimensions below (Table 2) will be used as guidelines for selecting plot sizes (Mueller-Dombois and Ellenberg, 1974; Whittaker 1977; Looman, 1980; Rice and Westoby, 1983).  The actual plot sizes will be selected based on the community structure, patterning, and diversity to ensure a representative sample. If samples larger than the maximum guidelines below are needed to fully represent the species composition of the vegetation, more than one plot per polygon will be sampled within a polygon.  Sample plots will generally be rectangular in shape but will be varied to fit the nature of the occurrence (e.g., irregular plot shapes are used for seep communities that follow ravines).  

In some cases, a plot that is large enough to characterize the tree layer in a forest, woodland, or sparse woodland plot will be larger than is necessary to characterize the shrub or herb layer.  Nested subplots will be used to characterize the understory when this occurs.  The guidelines in Table 2 will also be used to determine the appropriate size of the subplots (i.e., the Herbaceous class guidelines will be used to determine subplot sizes appropriate for sampling the herbaceous layer of a forest community).

Table 2.  Guidelines for Determining Plot Size
	Class
	Area
	  Dimensions

	Forest
	100 – 1,000 m2  

	 10x10 – 20x50

	Woodland
	100 – 1,000 m2 


	 10x10 – 20x50

	Sparse Woodland

	 25 – 1,000 m2

	   5x5 – 20x50

	Shrubland   

	 25 – 400 m2 
	   5x5 – 20x20

	Sparse Shrubland

	 25 – 400 m2

	   5x5 – 20x20

	Dwarf shrubland


	 25 – 400 m2
	   5x5 – 20x20

	Sparse Dwarf  shrubland 


	 25 – 400 m2

	   5x5 – 20x20

	Herbaceous

	 25 – 400 m2
	   5x5 – 20x20

	Nonvascular 
  


	 1 – 25 m2
	   1x1 – 5x5


5.3.5 Plot Permanence

Information on the temporal and spatial dynamics associated with each vegetation type is often important for resource planning and management.  If the plots sampled during the mapping process can be relocated and remeasured, they can be used to detect change in individual species abundance over time, to determine successional pathways among community types or to examine community responses to management practices (Austin 1981), provided that enough samples have been taken.  During this project specific technologies for relocating plots will be investigated.  Plots will be marked permanently as necessary to meet park-specific monitoring objectives.  Additional research will be conducted to relocate plots using GPS technology.

5.4 Data to be Collected Within the Plot
The data collected in an individual plot falls into four broad categories:  biological data, environmental data, locational data, and biological interactions/historical/disturbance data.  Each is described in detail below.

5.4.1 Biological Data

Within each homogeneous area, plot boundaries will be marked and the general physiognomy of the community will be recorded.  The vegetation will be visually divided into layers (strata) and the average height and percent cover of each stratum will be recorded.  Within each stratum, all species will be identified, and the relative abundance of each described by a visual percent cover estimate.  Species that are present in the community but not in the sample will be noted on the forms but not given an abundance estimate.  Sample field forms with complete instructions are provided in Appendix 12.1.

5.4.2 Environmental (Abiotic Variables) Data

In addition to the species information, a number of environmental variables will be sampled from each plot to characterize the precise conditions under which the sampled vegetation occurs.  This will include measured abiotic variables, additional biological data, historical/disturbance data, and landscape relationships.  There will be a mixture of continuous, discrete and standardized categorical variables to describe the range of site attributes.  These will be used in later analysis to help understand the patterns identified with the floristic data.  

The major variables are outlined below, and detailed descriptions are provided in Appendix  12.1.  Field forms will be tailored to fit the local needs within the limits of the national standards.  Additional observations about the plot and its setting will be noted in text form on the data sheets.

(1) Elevation of the plot

(2) Topographic Position and Landform:  The position of the community/sample 
              

within the landscape will be assigned to one or more of a standardized list of 



      categories.

(3) Slope:  The slope of the area, in degrees, will be measured using a clinometer.

(4) Slope Aspect:  The aspect will be recorded from a compass correcting for the 
                  magnetic declination.

(5) Surficial Geology:  The significant geological features will be described using a                geological map of the area, and, when possible, further notes on the composition               of exposed outcrops will be noted at the site. 

(6) Hydrologic regime for Wetlands.

(7) Basic soil profile description.

(8) Soil texture.

(9) Soil Drainage:  Soil drainage will be estimated in the field using topographic position,       soil texture, and apparent moisture regime.

5.4.3 Locational Data

Each field form will be labeled with a unique code to identify the polygon and plot sampled. Other locational information to be recorded includes state, park name, park site name, county name, and the name of the topographic map (quad) on which the location occurs.  Precise latitude and longitude of the plot will be measured using a Global Positioning System.  Specific locational information will be recorded on a photocopy of the base topographic map or aerial photograph with an image or patch identifier.  The location of the plot will also be recorded on the photocopy of the topographic basemap and the aerial photograph.  Directions to the site using a readily identifiable landmark as the starting point will be provided.  Distances will be given as precisely as possible using compass directions.  In addition, directions to the plot within the site will be recorded.  Names of the surveyors and the survey date will be written on each sample form.  

Information on the plot dimension, plot permanence, plot representativeness, and whether photos have been taken will also be recorded.

5.4.4 Biological Interactions/Historical/Disturbance Data

Effects of biological interactions, historical land uses or periodic disturbance is important but often difficult to determine.  For community unit/occurrence the size of the occurrence in comparison to other known occurrences of this community type will be noted.  The presence of stumps, plow line, old field characteristics, stone walls or other fence lines, "wolf trees," other indirect evidence of land use will be noted.  For forested communities, the age or DBH of largest trees, will be recorded along with the presence of snags, pit and mound microtopography, and other possible old-growth characteristics.  Evidence for probable succession relationships will be noted, particularly for suspected fire-dependent communities.  As time permits, the land use history may be assembled from town records, literature, knowledgeable individuals or other reliable sources.  Evidence of anthropogenic or other negative disturbances will be noted.  These may include trash dumping, trampling, undesired beaver flooding, overbrowsing by deer, invasive species, and evidence of alterations in  hydrology.  Absence of, or disruption to, natural disturbance patterns such as fire or flooding etcetera will also be noted.  
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