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Introduction  
 

Ecologists have long been interested in ecological communities, and mapping community distributions is 

a central activity of conservation biology.  The resulting products are of great value in focusing 

conservation activities and evaluating their effectiveness. In the Northeastern United States, however, the 

majority of existing ecological community maps have been developed for relatively small areas (10 to 

10,000 kilometers) using a variety of non-standard classification systems and mapping methods.  To 

offset this pattern, there has been tremendous progress by the State Natural Heritage programs in creating 

and defining a standard set of natural communities for each state and mapping the locations of exemplary 

examples within the state (see list of state classifications appears at the end of this document). However, 

in spite of some level of recent convergence, the state classification systems still differ from each other in 

both concept and resolution. As a result, the region-wide distribution of most ecological communities in 

the Northeast remains largely unknown and unmapped. 

 

The objective of this project was to provide a common, consistent map of terrestrial habitats for the 

Northeast and Mid-Atlantic region to guide wildlife management and conservation across jurisdictional 

borders, and aid in the implementation of State Wildlife Action Plans. Further, we wanted the map to 

inform The Nature Conservancyôs and other conservation efforts across the Northeast region by allowing 

users to assess the distribution and condition of the regionôs habitats and implement cross-border 

conservation planning. Finally, our aim was to create a map that was compatible with similar efforts 

undertaken by the national GAP Analysis (Jennings 1996) and LANDFIRE (Rollins 2009) programs. 

 

Our intent was to create a new map that was rigorously developed using all available information, and 

employing a process that was as data-driven as possible.  Our methods describe the assembly of spatially 

comprehensive datasets of 71 ecological variables and the compilation of over 70,000 ecological 

community samples.  Habitat classes in the map were tied directly to The Northeast Terrestrial Habitat 

Classification System (Gawler 2008), a standard classification system developed by NatureServe and 

reviewed and accepted by state agency biologists and Natural Heritage Program ecologists prior to the 

start of this mapping project. The classification describes 120 ecological systems occurring at a wide 

range of scales from small distinct patch-forming systems (e.g. a sparsely vegetated talus-slope) to 

extensive matrix-forming forest types. Every ecological community sample used in this analysis was 

tagged to this standard classifications system to allow for consistent mapping across the region, and the 

multi-scale aspect of the classification guided the development of our methods. 

  

Background  

Broad Scale Ecological Mapping in the Northeast 
Efforts to classify and map vegetation and habitat types in the Northeast go back to Braun (1950) whose 

Deciduous Forests of Eastern North America described and mapped nine forest regions.  A.W. Küchler 

(1964) published a similar ñpotential natural vegetationò classification and map for the lower 48 states, 

describing 35 vegetation associations for the east.  Although a later revision (Küchler 1985) expanded the 

classification to 109 vegetation types, the level of mapping remained very coarse.  The Society of 

American Foresters ñforest cover typesò (Eyre 1980) recognizes 63 forest cover types for the Northeast 
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but attempts to map them at regional scales are typically at very small scale, for example, the 1:7,500,000 

National Atlas map (http://nationalatlas.gov/), which maps ten broad forest types for the region at a 

classification scale similar to NatureServe macro-groups (e.g. spruce-fir, oak-pine, maple-beech-birch).   

 

In addition to vegetation mapping, there have been efforts to map integrated biophysical units for this 

region, such as the USDA-Forest Serviceôs National Hierarchical Framework of Ecological Units 

(ECOMAP 2007). Sections and Subsections, defined as areas with similar surface and subsurface 

geology, geomorphic process, coarse soil type, climate, and potential natural vegetation, have been 

delineated at scales from 1:500,000 to 1:1,000,000, and covering areas of several hundred thousand to 

several million acres.  Land Type Associations, a finer level unit that nests within subsections, have been 

mapped in some states, but these have often been defined and mapped quite differently across state 

boundaries, making them less useful for cross-border analyses and planning.  

 

In the last twenty years, NatureServe and some state Natural Heritage Programs have produced detailed 

maps of natural communities and National Vegetation Classification (NVC) plant associations at local 

scales on public lands or protected areas. The methods they used, involving airphoto interpretation and 

field sampling (Grossman et al.1994), do not lend themselves to regional scales due to the sheer amount 

of labor involved.  

 

Recent advances in species distribution models have opened up new possibilities, however (Pearson 2007, 

Iverson et al. 2008, Hernandez et al. 2008, Howard 2006), and two efforts have taken advantage of 

improvements in modeling techniques and advances in satellite image analysis to map ecological systems 

at broad scales for the whole US: USGSôs National Gap Analysis Program (Jennings 1996) and USDA 

Forest Serviceôs LANDFIRE interagency program (Rollins 2009). The former has mapped NatureServe 

ecological systems in the states of the southeastern US (http://gapanalysis.usgs.gov/), and the latter has 

mapped them nationally, though with most attention given to forested habitats in the West.  Our mapping 

effort sought to build on these efforts but to expand the number and type of ecological systems mapped, 

and to take advantage of new techniques of multi-factor habitat mapping for increased accuracy. 

 

The NatureServe Ecological Systems Classification 
NatureServe defines a terrestrial habitat as ñthe environment ï physical and biological ï that provides the 

necessary food, shelter, and other needs, of a species or groups of speciesò (Gawler 2008).  Similarly, 

NatureServe defines an ecological system as a mosaic of plant community types that tend to co-occur 

within landscapes with similar ecological processes, similar substrates, and/or similar environmental 

gradients, in a pattern that repeats itself across landscapes (Comer et al. 2003). With respect to this 

project, we treated these two terms as interchangeable: a terrestrial habitat being a conceptual idea, and an 

ecological systems being a tangible classification unit that can be mapped on the ground.  Ecological 

systems are designed to be mapped and are readily identifiable by conservation and resource managers in 

the field.  Because they integrate multiple ecological factors related to biogeographyð dominant 

vegetation, climate, landscape structure, and disturbance patternsð ecological systems offer a strong 

framework for organizing ecological information at multiple spatial scales.  As such, they are much more 

information-rich than simple landcover, which reflects only coarse classes of vegetation structure or 

current land use. 

 

http://nationalatlas.gov/
http://gapanalysis.usgs.gov/
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NatureServeôs ecological systems are conceived of as ranging from tens to thousands of hectares, and are 

expected to persist on the landscape for 50 to 100 years (Comer et al. 2003). They carry more ecological 

detail about the landscape than do land type associations, forest cover types, potential natural vegetation, 

or similar vegetation classifications.  They are often thought of as being larger in geographic extent and 

more broadly defined than plant associations or the state Natural Heritage Programsô natural 

communities, but this is not always the case, because both are multi-scaled.  Finer-scaled units based 

entirely on floristics (i.e. plant associations) have proven difficult to map out at broad scale, and to be of 

limited utility to planners and natural resource managers.  In concept and in mapping, the larger systems 

provide an effective tool for the ñcoarse filterò approach to conservation planning, as they represent 

habitat for wide ranges of plant and animal species. 

 

Mapping Scale  
The Northeast Terrestrial Habitat Classification System (NETHCS) describes habitat types that occur at a 

variety of scales from very small (less than one hectare) to huge (greater than 10,000 hectares). This 

reflects the reality that biodiversity and biological organization itself occurs at a variety of spatial scales 

(Poiani et al. 2000, Anderson et al. 1999), and accommodating this range of scales was an important 

driver in the development of our mapping methods. The dominant, matrix -forming  forest habitats in the 

Northeast, like Northern Hardwood or Northeast Interior Dry-Mesic Oak Forest, may cover many 

thousands of contiguous hectares, and are the background systems in which smaller scale upland and 

wetland systems are embedded.   They show broad ecological amplitude, occurring over a range of 

topographies and geologic and edaphic types.  Large patch habitats of from 50 to hundreds of hectares 

(e.g. cove forests, interior pine barren, sub-boreal spruce flat) nest within matrix types.  They are 

generally associated with a particular environmental condition or ecological process that operates at 

smaller scales.  Small patch habitats of just a few hectares, or less (cliff, basin wetland, serpentine 

barren), occur in distinct and discrete environments that have dominant effects on natural community 

development, and often support rare species with specialized ecological requirements.  Some systems that 

tend to track river networks have a linear configuration, and can be small or large.  This four-level 

size/shape characterization is flexible, as systems can occur at matrix scale in the center of their 

distribution and as a patch type at their range edge. 

 

Naming conventions for ecological systems specify their home biogeographic region (NatureServe 

Division) and dominant cover type, or some indication of edaphic association or environmental setting.  

The three Divisions in the Northeastern US are the Laurentian-Acadian, the Central Interior and 

Appalachian, and the Atlantic Coastal Plain; examples of system designations are Central Appalachian 

Dry Oak-Pine Forest, North Atlantic Coastal Plain Pitch Pine Lowland, Appalachian Shale Barren, and 

Laurentian-Acadian Alkaline Conifer-Hardwood Swamp.   

 

Ecological systems vary among ecoregions in the Northeast; for example, a dominant matrix forest type 

in one ecoregion might occur as small patches in another, or disappear entirely.  We also understood in 

advance that some habitats in the classification would be difficult to map either because they occurred at 

too small a scale or because a credible model of their distribution required data we lacked, such as finely 

mapped soil types.  Our first resource for the mapping project were documents prepared by NatureServe 

ecologists cataloguing ecological systems in the region, with information on home biogeographic range, 

distribution across subsections and states, scale of occurrence, composition and ecological setting.  For 
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more information on the NatureServe ecological system classification, go to 

http://www.natureserve.org/explorer. 

  

http://www.natureserve.org/explorer
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METHODS ï DATA 

PREPARATION 
 

Project Area  
We mapped the entire Northeast and Mid-Atlantic region of the United States, covering  13 states (WV, 

VA, MD, DE, PA, NJ, NY, CT, RI, MA,VT, NH, ME). This is an area of almost 62 million hectares (155 

million acres) spanning 11 degrees of latitude from the Virginia-North Carolina state line to Maineôs 

northern border with Canada (Figure 1). The region is an area of tremendous physiographic, geologic, and 

biological diversity, and has a long human history as well.  The ancient Appalachian Mountain chain is 

the oft-described ñbackboneò of the Northeast, connecting smaller ranges like the Cumberlands and 

Alleghenies of Virginia, West Virginia, and Pennsylvania, the Catskills and the Adirondacks of New 

York, the Green and White Mountains of northern New England.   A number of large rivers steeped in 

American history drain the region, from the Penobscot and the Kennebec in Maine to the Potomac and the 

James in Virginia.  Maritime and coastal plain lowlands, the low hills of the piedmont, and the more 

extreme mountain environments, all support a complex array of upland and wetland habitats.  Seventy-

eight percent of the region is currently in natural or semi-natural cover, 17% is in cropland or pasture (a 

figure that has been considerably higher historically in parts of the Northeast) and 5% is developed.  The 

latter includes scores of large population centers, including the ñmegalopolisò (Gottman 1961) described 

as running from Boston to Washington DC.  

 

The regionôs complex set of geophysical environments, including high granite mountains, limestone 

valleys, shale slopes, basalt ridges, silt or clay plains, coastal sand flats, and many others, determine the 

range and variety of habitats found (Anderson and Ferree 2012). These have formed as a result of 

geomorphic processes operating over vast time scales and relatively more recently, and over large and 

small spatial scales.  A map of Northeastern habitats tracks our understanding of these settings and 

processes, and how they shape distributions of natural communities across Northeastern landscapes.   

 

Structuring the Analysis - Ecoregions 
We based our geographic mapping framework on The Nature Conservancyôs ecoregions (TNC 2012, 

Groves 2003), which were developed from the USDA-Forest Serviceôs spatially hierarchical classification 

of ecological map units (Avers 1994, Bailey 1995, ECOMAP 1993).  Ecoregions are large areas of the 

earthôs surface that are similar in vegetation patterns and faunal distributions (Figure 1).  They are defined 

by climatic factors like precipitation and temperature patterns, along with large scale geologic and 

physiographic structure, soils, and vegetation cover types.  We partitioned the Northeast into seven 

mapping regions along ecoregional lines, combining some adjacent regions when there were efficiencies 

to be gained and when it seemed ecologically reasonable to do so.  The seven regions used in the mapping 

process are much smaller than, and largely nest within, the three NatureServe Divisions used as a regional 

framework for the habitat classification system (Figure 2).  They were: 1) High Allegheny Plateau 

Ecoregion; 2) Lower New England/Northern Piedmont Ecoregion; 3) Northern Appalachian/Boreal 

Forest and St. Lawrence-Champlain Valley Ecoregions;  4) North Atlantic Coast and Chesapeake Bay 
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Lowlands Ecoregions;  5) Northern Lake Plain (Great Lakes);  6) Central Appalachian Forest (including 

southwestern Pennsylvania and all of West Virginia);  and 7) the Piedmont and Mid-Atlantic Coast 

Ecoregions in Virginia. 

 

 

 

 

 

Figure 1: Ecoregions in the Northeast.  The 13 state project area is symbolized with a diagonal hatch. 

 

 

 

CAP Central Appalachian Forest

CBY Chesapeake Bay Lowlands

CSRVCumberlands and Southern Ridge & Valley

NLP Great Lakes

HAL High Allegheny Plateau

LNE Lower New England/Northern Piedmont

MAC Mid-Atlantic Coastal Plain

NAC North Atlantic Coast

NAP Northern Appalachian-Boreal Forest

MAP Piedmont

SBR Southern Blue Ridge

STL St. Lawrence-Champlain Valley

WAP Western Allegheny Plateau
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Figure 2: Seven mapping subregions for the Northeast Terrestrial Habitat Map project.  Subregions are in 

color, and numbered in the order in which they were mapped.  Overlay of the 3 regional NatureServe 

Divisions:  Laurentian-Acadian in diagonal cross hatch, Central Interior and Appalachian in coarse 

horizontal hatch, and Gulf and Atlantic Coastal Plain in fine vertical hatch. Ecoregional lines in green, 

where they are not overlaid by division lines.  

 

 

 

1 High Allegheny Plateau

2 Lower New England/Northern Piedmont

3 N. Appalachian/Boreal Forest & St.  

Lawrence-Champlain Valley

4 N. Atlantic Coast & Chesapeake Bay 

Lowlands

5 Northern Lake Plain

6 Central Appal Forest, WV, southwestern PA

7 Piedmont & Mid-Atlantic Coast
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Overview of the Mapping Process  
Within each ecoregion, we applied a consistent method, developed and refined over a three-year period, 

to create the terrestrial habitat map.  We mapped the large-scale matrix-forming forest systems first, then 

the upland patch-scale systems that are embedded in the matrix, then the wetland systems.  The wetland 

and patch systems were merged over the matrix systems to come up with the final ecoregional map. 

The mapping process for each ecological region followed a seven step sequence: 

 

1) Compile datasets of environmental variables for the region (topography and elevation, geology, 

climate, land cover, etc.)  

 

2) Develop a list of ecological systems, then use literature and expert review to determine their 

distribution, scale, landscape pattern, and ecological character.  

 

3) Compile plot samples of terrestrial habitats from Natural Heritage Programs, Forest Inventory 

Analysis points, and other sources. Crosswalk and tag all samples to the appropriate ecological 

system.  

 

4) Develop distribution models for the matrix-forming forest habitats using a classification and 

regression tree analysis of classified plot samples on the environmental variables compiled in step 

1.  

 

5) Transfer the matrix forests information onto the landscape using landform-based units.  

                                                                                                                               

6) Develop distribution models for the upland patch systems (barrens, glades, cliffs, etc.) and 

wetland patch systems (swamps, marshes, bogs, etc.)  using plot samples and relevant biophysical 

variables. 

 

7) Assemble all models into one ecoregion-wide map and develop legend.  

 

Environmental Variables  
We compiled 71 ecological variables related to geography, geology, elevation and topography, climate, 

and landcover.  All but a categorical aspect variable and ECOMAP section and subsection variables were 

continuous, and all but the geographic and climate variables were represented as 30 meter grids.  These 

variables were all spatially continuous for the region, and were derived from a wide range of datasets 

compiled over a variety of scales (Appendix 1). Additionally, we used three datasets for regional wetlands 

and streams.  The ecological variables used are known to have a direct (or indirect) bearing on the 

distribution of northeastern vegetation communities, and to explain biologically-important variation in the 

region (Beauvais et al. 2006).  Because all variable datasets had to cover the entire study area in digital 

form, we were limited to regional-scale datasets.  GIS processing steps for some derived variables and 

indices appear in Appendix 2.  

 

Geography 
We used latitude and longitude, and sections and subsections from the USDA-Forest Serviceôs ECOMAP 

classification (ECOMAP 2007).  
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Geology 
We created a spatially comprehensive regional dataset of geology classes  by obtaining digital bedrock 

layers in vector format for each state and grouping the bedrock units (from 100 to 350 units per state) into 

nine ecologically meaningful classes based on genesis, chemistry, weathering properties, and texture (see 

Anderson and Ferree 2012 for more detail). Seven classes were bedrock-based (acidic sedimentary, acidic 

shale, calcareous sedimentary, moderately calcareous sedimentary, acidic granitic, mafic, ultramafic) and 

two were based on surficial deposits (deep coarse sands, deep fine silts/clays).  Individual source maps 

were compiled at scales ranging from 1:125,000 to 1:500,000.  We gridded the classified maps for each 

state at 30 meter resolution, and assembled them all into one regional dataset. 

 

Elevation and Topography  
We compiled a regional elevation data layer directly from USGS 30 meter digital elevation models 

(DEMs). We used this dataset to quantify elevation, slope, aspect, and land position, and to create 

landforms (Appendix 3).  The DEM was also used to quantify annual solar inputs for each 30 meter cell 

using the solar radiation tool in ARCGIS (ESRI, 2009). The calculation integrates topography, latitude, 

elevation, atmospheric effects, and daily and seasonal shifts of the sun angle to predict annual solar inputs 

in watt-hrs/m
2
.
 

 

Climate 
 We compiled eight bioclimatic variables known to affect regional biogeographic patterns from  the  

climate dataset WORLDCLIM (WORLDCLIM 1.4, 2005).  They were calculated from monthly 

temperature and precipitation means recorded over a 30 year period, and include:  annual range in 

temperature;  maximum temperature in the warmest month;  minimum temperature in the coldest month;  

mean annual precipitation;  precipitation in the warmest quarter;  mean temperature in the driest quarter;  

mean diurnal range in temperature [mean of monthly (max - min)];  and precipitation coefficient of 

variation.   The parent and derived variables are grids at one kilometer resolution.   

 

Landcover and Canopy Density 
We used the National Land Cover Database (NLCD 2001), developed by a consortium of public agencies 

led by the USGS (MRLC 2001), as our primary measure of existing vegetation physiognomy and 

structure.  The data uses a 15-class land cover classification scheme consistently across all 13 states of the 

Northeast at a spatial resolution of 30 meters. The NLCD is based primarily on the unsupervised 

classification of Landsat Enhanced Thematic Mapper circa 2001 satellite data. Estimates of canopy 

density were included with the NLCD 2001 and were developed based on Yang et al. (2001). 

 

Water and Wetland Features 
We used the National Hydrography Dataset Plus (NHDplus: USGS & US EPA, 2006) as the base data for 

regional stream networks.  NHDplus is derived from stream data compiled at the nominal scale of 

1:100,000, and has a number of ñvalue-addedò attributes that can be used to calculate such things as size 

of draining area for each stream reach.  The National Wetlands Inventory (NWI) was used as base data 

for building models of wetland habitats, along with the two wetland classes in the NLCD2001.  NWI 

wetland polygons were mapped from aerial imagery onto a base of USGS topographic quadrangles by the 

US Fish and Wildlife Service (USFWS 2008) and are intended to be used at scales of 1:24,000 or smaller.  
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For our purpose we converted the NWI vector dataset to a 30m grid.  To help in the mapping of 

floodplain habitats, we compiled maps of the active river area (ARA, Sheldon 2009, based on Smith et al. 

2008) for all small to large rivers.  The active river area is the zone of dynamic interaction between the 

water and the land through which it flows, and includes the river meanderbelt, floodplain zone, riparian 

wetlands, and fluvial terraces. 

 

Unavailable Data 
We were unable to obtain certain spatial datasets related to habitat structure and soils (texture, pH, depth 

to restrictive layer), at the resolution needed for fine-scale, region-wide modeling. This limited the 

accuracy of the models for certain patch-scale communities that are defined in part by structure and soils 

(e.g. interior pine barren, various glades and woodlands, wet flatwoods). 

 

Samples of each Habitat Type  
We compiled over 70,000 field-collected samples of natural communities from a variety of sources, 

including state Natural Heritage Programs, the USDA-Forest Service Forest Inventory and Analysis 

Program, stand data from state and federal forests, and NatureServe vegetation maps. These data were in 

a variety of spatial formats ranging from points to polygons of various sizes and configurations (Figures 

3a, b, & c).  The level of information pertaining to species composition, ecological character, and relevant 

classification details varied widely among datasets as well.  To create a consistent dataset for modeling 

purposes, we converted all polygon samples to points using centroids for small polygons under 100 acres; 

within larger polygons, we spatially stratified point samples, avoiding obviously inappropriate landcover 

and landscape features (low wet areas for dry oak forests, coniferous woods for hardwood systems, etc.). 

 

Natural Heritage Program Data 
Over 50,000 community ñoccurrencesò were generously provided by the Eastern US State Natural 

Heritage programs for use in this project. Natural Heritage Programs build and maintain a spatial database 

of locations of plants, animals, and natural communities of high biodiversity value. Although the 

databases are typically focused on rare, threatened, or endangered communities, most states track the 

locations of high quality examples of common communities as well. The community locations are almost 

all derived from field inventory and each location is considered to be an occurrence of an ñelement of 

biodiversityò or an Element Occurrence (EO). At a minimum, a community occurrence had a point 

location and an assigned community type based on the state classification system. There was usually a 

quality rank and a brief description of the occurrence as well.  A more detailed community occurrence 

may have information on the composition and structure of the community, a description of the site, and 

information on the occurrenceôs landscape context and condition. Additionally, survey plots with just a 

point location and community name were available from many programs.  Some states also perform 

vegetation mapping on public lands or in areas of great ecological interest, in which polygons represent 

the approximate boundary of natural communities of interest and these were incorporated also.   

Community occurrences, inventory plots, and natural community maps were freely shared by the Heritage 

programs and used with permission.   
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NatureServe National Park Community Maps  
NatureServe has created vegetation maps for public lands in the Northeast, including national parks, 

national historic sites, and national wildlife refuges, using a standard method and classification system 

(Grossman et al.1994).  The data consists of polygons mapped to the plant association level of the 

National Vegetation Classification (NVC).  Associations usually represent a finer level of ecological 

mapping than ecological systems, but can be aggregated up to the ecological system level.  

  

Federal and State Forest Stand Data 

Spatial datasets of forest stands were provided by the Green and White Mountain National Forests in 

northern New England.   Forest Service analysts assign stand polygons (mean size 41 acres in the Green 

Mountains and 53 acres in the White Mountains) to a forest type class such as White Pine/Northern Red 

Oak/White Ash, Northern White Cedar, or Sugar Maple/Beech/Yellow Birch/Red Spruce. The 

Pennsylvania Bureau of Forestry provided a similar spatial dataset for state lands in the southern High 

Allegheny and northern Central Appalachian Forest Ecoregions.  Pennsylvania Forest stand polygons, 

averaging about 35 acres, carried a forest type designation similar to the national forest classes.  Most 

state forest lands were not available in digital map format. 

  

Forest Inventory and Analysis Plots 
The USDA-Forest Service provided plot data for over 21,000 points in the Northeast. They collect these 

data on a rotating basis every few years from a set of randomly selected points nationwide as part of their 

Forest Inventory and Analysis (FIA) program.  The FIA program maintains a sizable database of stand 

variables, including the basal area of individual tree species in each plot and a field-assigned and an 

algorithmically-assigned stand type.  We obtained information on the exact location of each plot through 

a confidentiality agreement, as FIA data is typically not released with actual locations out of privacy 

concerns.  These data were an excellent complement to data supplied by Heritage Programs, which do not 

collect as many records of common matrix-forming forest occurrences.  Due to the random sampling 

scheme, many FIA plots represent disturbed areas, old fields, recently logged sites, and other non-natural 

and semi-natural areas. To adjust for this, we applied systematic criteria based on landcover and roads, 

along with stand variables related to stand age, tree sizes, stocking levels, total basal area, and overstory 

tree composition, to identify plots that were significantly altered from a natural state. These were removed 

from further analysis.  The final set of FIA data points were unevenly distributed across ecoregions 

(Figure 4a). 

 

In total, we compiled roughly 900 to 2000 useable FIA plots per ecoregion, fewer in the coastal plain 

where agriculture and urban/suburban development so often dominate the landscape.  Combined sets of 

sample occurrences from all sources, for all ecoregions, showed similar uneven distribution, also 

reflecting patterns of land use (Figure 4b). 
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Figure 4a & b: Known sample points for the Lower New England/Northern Piedmont Ecoregion (LNE).  

In Fig. 4a, FIA plots screened for ñnaturalnessò show an uneven distribution, reflecting patterns of 

landuse across the largely humanized landscapes of this region.  The pattern is denser, but the unevenness 

persists, when all known sample points from all sources are plotted (Fig. 4b).     

A 
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Preparing the Samples  

Assigning Samples to an Ecological System 
All sample points had to be crosswalked and tagged to the appropriate ecological system in the Northeast 

Terrestrial Habitat Classification.  We use the word ñcrosswalkò because we did not have the full plot 

data for each sample but only the community name that was assigned to the sample by the field ecologist 

who collected it. Thus, our goal was to map the elements from the original classification scheme to 

equivalent elements in the regional classification scheme, but because the classification schemes were not 

completely equivalent, this presented challenges.  The various classifications were sometimes based on 

different ecological criteria, or on different spatial scales, and often the more precisely described natural 

communities could fit comfortably in several of the more broadly-described ecological systems. However, 

the correct location and crosswalk of the samples was critical to the mapping, as important aspects of 

ecological context can change dramatically in very short distances.   

 

We approached the crosswalking of State Natural Heritage data systematically.  First we developed a 

simple crosswalk tying state community names to the most likely ecological system, and we tagged all 

occurrences to ecological system based on the community name assigned to the plot samples.  Next, we 

overlaid the tagged occurrences with range maps of each ecological system (by section or subsection, 

Gawler et al.2008) to identify samples out of the expected range. To help with problematic samples we 

overlaid all samples on the environmental variables, and attributed them with elevation, bedrock type, 

landform, topographic position, insolation, distance to water, land cover, canopy density, state, and 

geographic subsection.  From this we could determine the typical environmental signature of a given 

community and identify anomalous occurrences that fell outside of the expected ecological signature.  For 

instance, an occurrence representing a low elevation valley bottom forest that fell on a high ridge-top. 

Ecological signatures were found to be relatively consistent within a state, less so across states; but by 

combining the  environmental information obtained at sample plot locations with the descriptive 

information collected by field ecologists on composition, structure, and ecological setting, we  were 

usually able to assign  occurrences to the most likely ecological system with a reasonable level of 

confidence. We were fortunate to have expert help from NatureServe staff and state NHP ecologists for 

crosswalking task, but in the end all samples were processed and checked through our own interpretation 

of these systems. Outlier samples that did not fit within the concept of the ecological system or were far 

outside the typical ecological signature were omitted.    

 

To classify the FIA data  into ecological system types, we ran a cluster analysis (PCORD, McCune and 

Grace 2011) using the attributes of overstory tree species composition, subsection of occurrence, 

elevation, slope, and topographic position, to aggregate plots with similar composition and environmental 

settings into groups. We then reviewed the groups and assigned them to one of the matrix-forming 

ecological system types based on their dominant characteristics.  This approach was possible because the 

sample points contained the composition and abundance of all tree canopy species. Data from the state 

forests lacked this detail and were crosswalked into the ecological system classification based on the 

assigned forest type using the same method as for the Heritage element occurrences.    

 

We often had to make decisions about the best-fit ecological system type for samples that could be 

reasonably attached to more than one habitat type.  A state, for example, might put all their dry-mesic 
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oak-hickory communities in one class but from the regional perspective the occurrences in different parts 

of the state might fit better in one of four different oak systems (e.g an occurrence on a protected lower 

slope in the northwestern part of the Virginia Piedmont may fit best in the Northeastern Interior Dry-

Mesic Oak Forest; one on a warmer upper slope farther south might fit the Southern Piedmont system.   

When the crosswalk appeared ambiguous or too broad, we looked at the physiographic province of each 

occurrence, and its elevation, topographic setting, and substrate, to help identify the best crosswalk. 

 

Most of the sample tagging effort was directed at matrix forest types which totaled from 1400 to 4000 per 

ecoregion.  The tagging of large and small patch habitats was generally more straightforward reflecting 

their more precisely defined ecology. Likewise, the relationship of wetland occurrences from the states 

and the fairly broadly defined wetland ecological systems was also simpler, and enhanced by further 

information from the NWI attributes. 
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Methods ï Mapping  

the Habitats  
 

We mapped the 15 matrix-forest habitat separately from the patch forming uplands and wetland habitats, 

and we describe the methods separately below.  Out methods were explicitly developed to account for the 

multiple-scaled nature of the classification, and we expected that the environmental information would 

prove useful at varying scales. For example, the geographic variables, climate variables, and elevation, 

would likely be important for making broad-scale distinctions in possible habitat ranges; and that smaller-

scale factors like local topography, insolation, and distance to water, would be more useful making 

distinctions at finer scales.   

 

Matrix-forming Forest Types  
Matrix-forming forests offered a particular challenge for modeling because of their wide ecological 

signatures and the subtle ways they grade into each other. The process we used to map these dominant 

forest systems was the most complex and time-consuming part of the project.   

 

For each ecoregion, we began with a list of matrix-forming habitat types present in the ecoregion and a 

compiled set of sample points crosswalked to the appropriate types.  In GIS, we constructed 100 acre 

circles around each sample point and overlaid them on the environmental variables to attribute them with 

the full set of 71 variables described above (Appendix 1, Figures 5a, 5b). We used 100 acre circles 

because the matrix forest systems by definition occupy large contiguous landscapes, and we wanted to 

take a landscape, rather than a pixel-by-pixel, approach to mapping them.  Our intention was to use data 

from the surrounding 100 acre landscape to inform our prediction of the matrix forest type at that point. 

This is in contrast to building distribution models for single species or for small-patch habitats, when 

point-sampling environmental variables at the exact location of the known occurrences may be more 

appropriate. 
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Figure 5a: 100 acre circles around plot samples that have been tagged to a matrix forest system type.  
In this stream- dissected Western Allegheny Plateau landscape in West Virginia, points and 100 acre 
circles for known occurrences of Central Appalachian Dry Oak-Pine Forest (CADOPF) are in light 
green, for Northeast Interior Dry-MesicOak Forest (NEIDMOF) are in darker green, and for South-
Central Interior MesophyticForest (SCIMF) are in purple.  The background gridded variable is a local 
mean of the land position index;  darker greys indicate places on the landscape that are very low in 
relation to their surroundings, and dark reds are the tops of hills and ridges.  If index values within the 
100 acre circles for the 3 forest types tend to be different, this index could be a valuable predictive 
tool for habitat classification.  See also Figures 8a-8d.

Figure 5b:The variable grid in this figure is a local mean of a rugosityindex that tracks the 
topographic roughness of the landscape; cool colors signify a locally muted landscape structure, 
warm colors a more rugged landscape.  Again, the ability to build accurate models for different 
systems occupying different landscape settings is enhanced when the contrast in variable values is 
high between the sampled habitat types.  See also Figures 8a-8d.








































