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Executive Summary

Gap analysis provides an overview of the distritnuthtnd conservation status of several
components of biodiversity. There are five majojeatives of the national Gap Analysis
Program: (1) map actual vegetation as closely asible to the Alliance level; (2) map
predicted distributions of animals for which adegudistributional records, habitat
associations, and mapped habitat variables artablegi(3) document occurrence of
vegetation types that are inadequately repres€gtaxt) in special management areas; (4)
document occurrence of animal species that areméetely represented (gaps) in special
management areas; and (5) make all informatiornablaito resource managers and land
stewards in a readily accessible format.

To meet national objectives, gap analysis is cotedlat the state level while maintaining
consistency with national standards. The MarylBethware-New Jersey Gap Analysis
Project (MDN-GAP) involved the efforts of reseanch&om various government natural
resource agencies and universities in all thraestavith the bulk of the work and project
administration being carried out by the U.S. FiskVgldlife Service, Maryland
Department of Natural Resources, University of Namg Eastern Shore Cooperative
Fish & Wildlife Research Unit, and New Jersey Dépant of Environmental Protection.
The three-state project area includes a complexum@of habitats, ranging from coastal
beaches and estuarine tidal marshes to montarsSa@ed bogs, and human-dominated
urban and agricultural landscapes. Despite thie teggree of human land use pressure
and habitat fragmentation in many parts of theqmioarea, there remain many
exceptional examples of regionally and globallyngigant natural features and wildlife
populations.

This report pertains only to the mapping and assestof animal species distributions,
and is a supplement to an earlier report descrithiaglevelopment and assessment of the
vegetation and land stewardship components optioigct. Animal species habitat
modeling and distribution mapping involved the depenent of three primary data sets:
(1) breeding ranges for all animal species; (eces-habitat association database with
tables that identify relationships between aninpaicges and various habitat variables;
and (3) geographic information system (GIS) themlatyers representing the habitat
variables for which habitat relationships have bemorded in the database tables.

The ranges or distributional limits of animal sgscivere developed primarily through
the Biodiversity Research Consortium (BRC), now emstered by Nature Serve. The
BRC uses the hexagons utilized by EPA’s Environaldvibnitoring and Assessment
Program. Within the Maryland-Delaware-New Jers@jqtt area, these hexagons range
in size from about 648 to 651 square kilometershgsagon. Each hexagon was
assigned a code reflecting the level of certaisgoaiated with the species occurrence
data. In general, hexagons with “confirmed” ordipable” occurrence records were
included in a species’ range. For rare, threatemedndangered species in Maryland and
Delaware, 7.5-minute quadrangles, which are sicguifily smaller than hexagons, were
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used to map ranges in order to avoid over-estilgdha distributions of these rare
species. Rare species data were not availabladet of New Jersey, but Breeding Bird
Atlas data were used to populate quad recordsaferbird species in this state.

Development of the wildlife habitat relationshipstabase began with a review of the
literature and compilation of habitat requireméantermation into an individual

summary document for each species. This documasitiien used as a reference in
filling out a standard data form where habitat s/pad other variables (e.g., elevation)
were assigned suitability rankings and relativeglvengs (i.e., relative influence on
species preferred habitat and geographic distohuti These habitat suitability rankings
and habitat variable weightings were then entaregtables in the wildlife habitat
relationships database. The list of habitats vealdped through a review of several
other efforts to define wildlife habitats, and bigntifying the particular habitat types that
are commonly mentioned in the literature.

The habitat type map was developed from three pyiiata sources: (1) MDN-GAP
Land Cover data; (2) National Wetlands Inventoriadand (3) National Land Cover
Data. Other habitat variables used in modelingrahspecies’ distributions included
proximity to wetlands (14 wetland types; 4 buffestdnces), forest interior, forest patch
isolation, riparian forest width, grassland arefgeshabitat, elevation, slope, aspect,
juxtaposition to forest, juxtaposition to roadsdgamoximity to a special habitat feature
(e.q., island, cave, outcrop, cliff, bridge).

Predictive habitat models and distribution mapsewtveloped for 363 animal species
(206 bird species, 69 mammal species, 47 reptédeisp, 41 amphibian species). Bird
habitat models and distribution maps were limitethbse species that regularly nest
within the project area. Although there are regliynand globally significant migratory
bird staging areas in Maryland, Delaware and Nawedge project resource limitations
prevented inclusion of species that use the argagimigration but do not nest here.
Also, there are currently many complementary efftinat are focused on addressing the
needs of these migratory bird concentrations.dbtiteon to mapping predicted
distributions of individual species, analyses wayrducted in order to identify and map
species-rich areas or “hotspots.” These analysadted in the identification of bird
species hotspots, mammal hotspots, reptile hotspotsamphibian hotspots. In
addition, rare species hotspots were identifiecetarh of these groups, and for all groups
combined.

An accuracy assessment was undertaken, compaedgiad animal distributions with
documented occurrences in managed areas (e.gonldeWildlife Refuges). The goal of
GAP is to produce maps that predict animal spetisgsbutions with an accuracy of
80% or higher. A total of 12 managed areas hadispehecklists to which predicted
distributions were compared. Of the 363 speciedateal, 280 (77.1%) were included on
at least one of the checklists. For birds, mattie#&een checklists and modeled
distributions exceeded 80% in only 5 of 12 areaseliceeded 79% in 9 of these areas.
Many of the non-matches were actually caused lmy£m checklists. For example,
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disagreements between Breeding Bird Atlas datachedklists often corresponded with
recorded “errors.” For mammals, matches excee@@elif only 1 of 3 areas for which
mammal checklists existed. For reptiles, matclxeseded 80% in 3 of 4 areas, with the
lowest rate of agreement being 78.8%. For amph#himatches exceeded 80% in only 1
of 4 areas, but significant errors were found m¢hecklist for at least one of the
management areas included in this comparison. , Alsme checklists indicated a lack of
certainty regarding the presence of certain se@epecies, and many checklists
indicated that the species included were knowrctmoon or “near” the management
area. A more thorough accuracy assessment, imgjudiditional expert review, is
needed to better determine the level of accuraanimhal species habitat models and
distribution maps.

The final step of gap analysis involves intersegtime distributions of elements of
biological diversity (i.e., land cover types andnaal species) with the land stewardship
and management status map, in order to identifgsga protection. The land
stewardship data set includes land ownership baiesdand land stewardship status
rankings that reflect the degree to which each @re@anaged for biodiversity, with status
1 lands affording the highest level of protectionl status 4 lands providing the least
amount of protection. The predicted distributiohgll 363 animal species were
intersected with the land stewardship map to preduenmaries of protection for each
species. Birds and reptiles appear to have ther&gesentation within status 1 and 2
lands, with over 15% of bird species and over 10%&ptile species having more than
10% of their potential habitat receiving these kiglevels of protection. Amphibians
appear to have received the least amount of proteatith over 95% of amphibian
species having less than 10% of their potentiaithibccurring within status 1 and 2
lands. When considering native species only, pé€at of mammal species and over
88% of all species have less than 10% of theiripted distributions occurring within
status 1 or 2 lands. Overall, it appears thagralips are poorly represented within GAP
status 1 and 2 lands.

In general, the habitats supporting the speciegegtest conservation concern (i.e., those
that are rare to extremely rare within the proggeta and are underrepresented in status 1
and 2 lands) include early successional habitaolluted mountain streams, vernal
pools (non-tidal, isolated, seasonally flooded armdls) with substantial upland forest
buffers, forested wetlands and freshwater margbesst interior, broad riparian and
floodplain forests, and beach and dune habitats.

The most prominent rare species hotspots (i.easarith high rare species richness) that
are unprotected include the Youghiogheny Riveridorrand other riparian forests in
western Maryland, and some of the riparian and \Wwegat forests of the New Jersey
Highlands and Kittatinny Mountain; forest-swamp tec@s in parts of the New Jersey
Pine Barrens; the large concentration of coastahgonds (i.e., vernal pools) and
surrounding hardwood forests in the Blackbird-Migjton Corridor of Delaware and
Maryland; Potomac River and C&O Canal tributariegtinwest of Washinton, D.C.; and
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wetlands associated with headwaters and tributafiesveral rivers in the southern Pine
Barrens and Highlands of New Jersey.

The results of this effort identify many speciesohservation concern and habitats that
are in need of additional protection. These resslibuld be incorporated into
conservation planning efforts and used to guidetiadal field investigations. Such
investigations and expert review of the results adag lead to a better understanding of
data limitations and ways of refining and improvthg data.
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Chapter 1: Introduction

1.1 How This Report is Organized

This report is a summation of a scientific projeéthile we endeavor to make it
understandable for as general an audience asqailej it reflects the complexity of the
project it describes. A glossary of terms is pded to aid the reader in its understanding,
and for those seeking a detailed understandingeo$tibjects, the cited literature should
be helpful. The organization of this report follthe general chronology of project
development, beginning with the production of th@ividual data layers and concluding
with analysis of the data. It diverges from staddsientific reporting by embedding
results and discussion sections within individdedmters. This was done to allow the
individual data products to stand on their ownessatble hypotheses and provide data
users with a concise and complete report for eath @d analysis product.

This is a supplement to a previously publishedl fiaport describing the land cover and
land stewardship mapping components of the proj€he animal species distribution
mapping was not completed in time for inclusionhat report, and is instead presented
here. We begin this report with an overview of @ap Analysis Program mission,
concept, and limitations. We then present a syisagshow the current biodiversity
condition of the project area came to be, followgdnimal species distribution
prediction and species richness analyses. Da&ajawnent leads to the Analysis section,
which reports on the status of the elements ofiberdity (animal species) for Maryland,
Delaware and New Jersey. Finally, we describartheagement implications of the
analysis results and provide information on howadquire and use the data.

1.2 The Gap Analysis Program Mission

The mission of the Gap Analysis Program is to pnéeenservation crises by providing
conservation assessments of biotic elements (ptantmunities and native animal
species) and to facilitate the application of thfsrmation to land management
activities. This is accomplished through the faiilog five objectives:

1) map actual land cover as closely as possiltieet@lliance level (FGDC 1997).

2) map the predicted distribution of those terraktrertebrates and selected other taxa
that spend any important part of their life historghe project area and for which
adequate distributional habitats, associations naapped habitat variables are
available.

3) document the representation of natural vegetationmunities and animal species in
areas managed for the long-term maintenance ofvaicsity.

4) make all GAP project information available te fpublic and those charged with land
use research, policy, planning, and management.

5) build institutional cooperation in the applicatiof this information to state and
regional management activities.



To meet these objectives, it is necessary that G&Bperated at the state or regional
level but maintain consistency with national stadda Within the state, participation by
a wide variety of cooperators is necessary andal#sito ensure understanding and
acceptance of the data and forge relationshipsatiidead to cooperative conservation
planning.

1.3 The Gap Analysis Concept

The Gap Analysis Program (GAP) brings togetheptiodlem-solving capabilities of
federal, state, and private scientists to tacléedifficult issues of land cover mapping,
animal habitat characterization, and biodiversggservation assessment at the state,
regional, and national levels. The program seeladilitate cooperative development
and use of information. Throughout this reportuse the terms "GAP" to describe the
national program, "GAP Project" to refer to an indual state or regional project, and
"gap analysis" to refer to the gap analysis prooessethodology.

Much of the following discussion was taken verbaftiom Edwards et al. 1995, Scott et
al. 1993, and Davis et al. 1995. The gap anajysisess provides an overview of the
distribution and conservation status of severalaments of biodiversity. It uses the
distribution of actual vegetation and predictedrdisition of terrestrial vertebrates and,
when available, invertebrate taxa. Digital maprtayes in a GIS are used to identify
individual species, species-rich areas, and vagattpes that are unrepresented or
underrepresented in existing management are&sncions as a preliminary step to the
more detailed studies needed to establish actualdagies for planning and management
of biological resources on the ground. These dathresults are then made available to
the public so that institutions as well as indiatllandowners and managers may become
more effective stewards through more complete kadge of the management status of
these elements of biodiversity. GAP, by focusindhher levels of biological
organization, is likely to be both cheaper and nidedy to succeed than conservation
programs focused on single species or populatidostf et al.1993).

Biodiversity inventories can be visualized as éfit" designed to capture elements of
biodiversity at various levels of organization. elfiiter concept has been applied by The
Nature Conservancy, which established Natural BigeitPrograms in all 50 states. The
Nature Conservancy employs a fine filter of rarecsgs inventory and protection and a
coarse filter of community inventory and protect{denkins 1985, Noss 1987). ltis
postulated that 85-90% of species can be protdutelde coarse filter without having to
inventory or plan reserves for those species iddiily. A fine filter is then applied to
the remaining 15-10% of species to ensure thebeption. Gap analysis is a coarse-filter
method because it can be used to quickly and cheapkss the other 85-90% of species.
GAP is not designed to identify and aid protectbelements that are rare or of very
restricted distribution; rather it is designed &dh'keep common species common" by
identifying risk far in advance of actual populatidecline. These concepts are further
developed below.



The intuitively appealing idea of conserving mastversity by maintaining examples

of all natural community types has never been agpklthough numerous approaches to
the spatial identification of biodiversity have hadescribed (Kirkpatrick 1983, Margules
and Nicholls 1988, Pressey and Nicholls 1989, Nistand Margules 1993).
Furthermore, the spatial scale at which organissestive environment differs
tremendously among species and depends on body®izkhabits, mobility, and other
factors. Hence, no coarse filter will be a completsessment of biodiversity protection
status and needs. However, species that fall giwrtle pores of the coarse filter, such as
narrow endemics and wide-ranging mammals, can pieical by the safety net of the

fine filter. Community-level (coarse-filter) pratigon is a complement to, not a substitute
for, protection of individual rare species.

Gap analysis is essentially an expanded coarse-ifiproach (Noss 1987) to biodiversity
protection. The land cover types mapped in GAResdirectly as a coarse filter, the goal
being to assure adequate representation of allsmagigetation community types in
biodiversity management areas. Landscapes witkt gegjetation diversity often are
those with high edaphic variety or topographicateliwhen elevational diversity is very
great, a nearly complete spectrum of vegetatioagyymown from a biological region
may occur within a relatively small area. Suchaarprovide habitat for many species,
including those that depend on multiple habitaes/fp meet life history needs (Diamond
1986, Noss 1987). By using landscape-sized saniptesnan and Godron 1986) as an
expanded coarse filter, gap analysis searchestbidntifies biological regions where
unprotected or underrepresented vegetation typdsm@imal species occur.

More detailed analyses were not part of this ptojaat are areas of research that GAP as
a national program is pursuing. For example, arsgdilter could combine species
distribution information to identify a set of araaswhich all, or nearly all, mapped
species are represented. There is a major differbatween identifying the richest areas
in a region (many of which are likely to be neighband share essentially the same list of
species) and identifying areas in which all spearesrepresented. The latter task is most
efficiently accomplished by selecting areas whgee®s lists are most different or
complementary. Areas with different environmestsdt to also have the most different
species lists for a variety of taxa. As a resuliet of areas with complementary sets of
species for one higher taxon (e.g., mammals) afiéralso do a good job representing
most species of other higher taxa (e.g., treesetfligs). Species with large home

ranges, such as large carnivores, or species withlecal distributions may require
individual attention. Additional data layers canused for a more holistic conservation
evaluation. These include indicators of stresssér(e.g., human population growth,

road density, rate of habitat fragmentation, disiion of pollutants) and the locations of
habitat corridors between wildlands that allowriatural movement of wide-ranging
animals and the migration of species in responsértate change.



1.4 General Limitations

Limitations must be recognized so that additiomadlies can be implemented to
supplement GAP. The following are general projaitations; specific limitations for
the data are described in the respective sections:

1.

GAP data are derived from remote sensing ancefimagdto make general assessments
about conservation status. Any decisions basatie@data must be supported by
ground-truthing and more detailed analyses.

GAP is not a substitute for threatened and egelaa species listing and recovery
efforts. A primary argument in favor of gap anayis that it is proactive: it seeks to
recognize and manage sites of high biodiversityerébr the long-term maintenance
of populations of native species and communitidereehey become critically rare.
Thus, it should help to reduce the rate at whidcss require listing as threatened or
endangered. Those species that are already gmegityiled, however, still require
individual efforts to assure their recovery.

GAP data products and assessments represeapshsi in time generally
representing the date of the satellite imagerydatps are planned on a 5-10 year
cycle, but users of the data must be aware ofttie siature of the products.

GAP is not a substitute for a thorough natidnalogical inventory. As a response to
rapid habitat loss, gap analysis provides a qusslessment of the distribution of
vegetation and associated species before thepstteahd provides focus and
direction for local, regional, and national effoidsmaintain biodiversity. The process
of improving knowledge in systematics, taxonomyd apecies distributions is
lengthy and expensive. That process must be agrdiand expedited, however, in
order to provide the detailed information neededafcomprehensive assessment of
our nation's biodiversity. Vegetation and spediefribution maps developed for
GAP can be used to make such surveys more costiefdy stratifying sampling
areas according to expected variation in biologattlbutes.

1.5 The Study Area

The Maryland-Delaware-New Jersey Gap Analysis Rt@)fdDN-GAP) study area
includes the states of Maryland, Delaware and Nenaey (Figure 1.1). Other authors
(Robbins and Blom 1996, Hess et al. 2000, Walsi. 1999) have described these states
in detail. In general, this three-state area idetuhabitats ranging from coastal beaches,
dunes, broad estuarine tidal marshes and baldsygmreamps on the coastal plain to
upland forests and boreal bogs in the Appalachian¥hins. The area includes the
southernmost extent of the ranges of many nortbeegies, the northernmost extent of
many southern species, and contains internatiosghjficant migratory bird staging and
concentration areas. This area also includesities of Baltimore, Maryland;
Wilmington, Delaware; and Trenton, New Jersey; andfluenced by Washington, D.C.;
New York City; and Philadelphia, Pennsylvania. Tégion is heavily impacted by urban



development and suburban sprawl, and includesya [aortion of the Delmarva
Peninsula which is significantly dominated by agitigral activities.

There is a diversity of topographic features fromdte elevation mountains with a
maximum elevation of 1035 m (3395 ft) to sea-levaalrier islands. There are 6 broad
physiographic provinces (Figure 1.2) of the 20 thadur in North America, each with a
mix of natural diversity and ecologically signifrtefeatures. The mixed forests of the
Appalachian Plateau, Ridge and Valley, and BluggRiglateau Provinces contain some
of the most diverse, ancient broadleaf forestsasthgOlson et al. 1998). The
Cranesville Sub-Arctic Swamp, a cool, “frost-po¢kabg, occurs along the western
boundary of Maryland’s panhandle, on the AlleghPigteau.

New Jersey’'s Piedmont Province is heavily develppatistill contains the remains of
several glacial lakes along with extensive freslewatetlands. Approximately 25% of
the state is the protected Pinelands, a largelyhatiited area which includes Pine
Barrens (Walsh et al. 1999). Maryland’s Piedmawotvinice contains 769 ha (1900 ac) of
serpentine barrens in the Soldier’s Delight Nat&@lironment Area. Ninety-five
percent of Delaware lies in the Coastal Plain, i Great Cypress Swamp occurring
along its southern boundary. Sixty-five percenDefaware’s wetlands are inland
palustrine, freshwater and nontidal (Hess et @020 All three states harbor numerous
examples of vernal pools throughout the CoastahPeovince. These seasonally wet
depressions are environmentally sensitive halfibata number of rare plants and
animals. One of the Coastal Plain’s great featisrése Chesapeake Bay, the country’s
largest estuary which has a longer tidal shordha@ the State of California (Robbins
and Blom 1996). The Delaware Bay, an ancient, demwiver bed, separates Delaware
and New Jersey and facilitates traffic into Philptl&, Pennsylvania which is one of the
busiest ports in the United States (Hess et al0 20lsh et al. 1999).
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Chapter 2: Predicted Animal Species
Distributions and Species Richness

2.1 Introduction

All species range maps are predictions about theroence of those species within a
particular area (Csuti 1994). Traditionally, threglicted occurrences of most species
begin with samples from collections made at indraidpoint locations. Most species
range maps are small-scale (e.g., 1:10,000,000)anded primarily from point data to
construct field guides which are suitable, at bestapproximating distribution at the
regional level or counties for example. The puepothe GAP vertebrate species maps
is to provide more precise information about therent predicted distribution of
individual native species according to actual tetmharacteristics within their general
ranges and to allow calculation of predicted arfedisiributions and associations to
specific habitat characteristics.

GAP maps are produced at a nominal scale of 1:0000 better and are intended for
applications at the landscape or "gamma" scaleibgeneous areas generally covering
1,000 to 1,000,000 hectares and made up of moneath@ kind of natural community).
Applications of these data to site- or stand-larelyses (site--a microhabitat, generally
10 to 100 square meters; stand--a single habpat yenerally 0.1 to 1,000 ha; Whittaker
1977, see also Stoms and Estes 1993) will likelgaethe limitations of this process to
incorporate differences in habitat quality (e.gu¢lerstory condition) or necessary
microhabitat features such as standing dead trees.

Gap analysis uses the predicted distributions mhalnspecies to evaluate their
conservation status relative to existing land manant (Scott et al. 1993). However,
the maps of species distributions may be useddweana wide variety of management,
planning, and research questions relating to idd&i species or groups of species. In
addition to the maps, great utility may be foundhe consolidated specimen collection
records and literature that are assembled intddaés used to produce the maps.
Perhaps most importantly, as a first effort in depimg such detailed distributions, they
should be viewed as testable hypotheses to berowdior refuted in the field. We
encourage biologists and naturalists to condudt sests and report their findings in the
appropriate literature and to the Gap Analysis Rnogsuch that new data may improve
future iterations.

Previous to this effort there were no maps avaglathigital or otherwise, showing the
likely present-day distribution of species by habiype across their ranges. Because of
this, ordinary species (i.e., those not threatemédextinction or not managed as game
animals) are generally not given sufficient congatien in land-use decisions in the
context of large geographic regions or in relatimtheir actual habitats. Their decline,
because of incremental habitat loss can, and desdlf in one threatened or endangered
species "surprise" after another. Frequentlyyréleserds that do exist for an ordinary



species are truncated by state boundaries. Siengditing a consistent spatial framework
for storing, retrieving, manipulating, analyzingdaupdating the totality of our

knowledge about the status of each animal spexieisa of the most necessary and basic
elements for preventing further erosion of bioladji@sources.

There are three major data sets used in GAP tagbithe distribution of vertebrate
species: 1) breeding ranges for all animal speliesa;species-habitat association
database with tables that identify relationshipsveen animal species and various habitat
variables; and 3) geographic information systen§{Ghap overlays representing the
habitat variables for which species habitat refegiops have been recorded in the
database tables.

2.2 Methods

The predicted animal species distribution mapporgMaryland, Delaware and New
Jersey began with the mapping of species’ rangdsstitbutional limits. Range maps for
most common species were based on confirmed oaplelpresence within the 650
square-kilometer hexagon units used by the Envieortal Protection Agency’s
Environmental Monitoring and Assessment Program AP For most rare species, the
much smaller 7.5-minute quadrangle was used, pilyri@@cause this is one method
utilized by Natural Heritage Programs for trackthg distributions of rare species and,
therefore, data for these species were generaljadle at this scale. Although
information about the locations of some rare sgeige€onsidered sensitive (e.g., for
collectible species such as the bog turtle), tleaismaller range units was preferred
because of the greater potential to overestimateldlitions of rare species, many of
which are habitat specialists.

The habitat modeling component, which results imenmecise mapping of predicted
animal species distributions within the range yrstarted with the compilation of habitat
relationships information from the literature. tigithis information as a reference, a list
of commonly-described habitats (e.g., oak-hickong$t, salt marsh) was developed, and
other modeling variables (e.g., slope, aspectatil@v, distance from edge, proximity to
water) were identified. Raster-based modeling dliigs, map overlays) representing
these habitat variables were then developed ankabi¢at relationship information
gleaned from the literature was entered into anaated database of modeling tables.

2.2.1 Mapping Standards and Data Sources

All GIS modeling of species distributions was cocigal in ArcView 3.2, controlled by
customized Avenue scripts, within a Windows 2008raping system environment. Many
of the GIS map overlays used in the modeling wezated in ARC/INFO version 7.1.2

on a Sun Workstation. All GIS overlays were depelb as, or converted to, raster grids
with a 30-meter cell resolution, in the Universahiisverse Mercator projection (zone 18,
datum NAD83). The minimum mapping unit varied degiag on the particular grid or
original data sources used to create grids. Tlsedserlays (i.e., grids) used in the



modeling are listed in table 2.1, and more detblsut the development of individual
modeling grids are presented in the sections tiaw the table.

Table 2.1: Grids Used in Habitat Modeling

MODELING GRID

SOURCE

DESCRIPTION

Range Extent or
Distributional Limits
by Hexagon

Biodiversity Research
Consortium, museum
records, other sources

Confirmed or Probable species
presence within 650 square-kilomete
hexagon range units

-

Range Extent or
Distributional Limits

Natural Heritage
Programs, Breeding Bir

Confirmed or Probable species
dpresence within 7.5-minute quadrang

jle

by 7.5-minute Atlas projects, other range units
guadrangle sources
Habitat Types GAP Land Cover, Source data sets were combined (se

National Land Cover
Data, National Wetland

Inventory, other sources

section 2.2.3.1)

1°2)

D

Wetland Buffer (100
m, 250 m, 500 m,
1000 m)

National Wetlands
Inventory; USGS
1:100,000 DLG
(streams)

NWI and DLG data were aggregated
into 14 wetland classes and buffered
(see section 2.2.3.2)

Forest Fragmentatio
Metrics (Area, Patch
Isolation, Riparian

nNational Land Cover
Data (NLCD)

ZONALTHICKNESS applied in
GRID to create Forest Area and
Riparian Forest Width grids;

3)

Forest Width) FOCALMEAN applied to create patc
isolation grid, expressed as % forest
cover within 2 km (see section 2.2.3.

Open (Edge, Habitat Type grid (see | EUCDISTANCE applied in GRID to

Grassland Area)

above)

calculate distance from forest/non-
forest edge; ZONALTHICKNESS
used to create Grassland Area grid (
sections 2.2.3.4 and 2.2.3.5)

see

Land Form
(Elevation, Slope,
Aspect)

National Elevation Data
(30-m NED)

Elevation Z units are in meters; Slop
expressed as percent rise; develope
Arc/Info GRID (see section 2.2.3.6)

din

Juxtaposition
(Roads, Forest)

USGS 1:100,000 DLGs
used for Road
Juxtaposition; Habitat
Type (see above) used
develop Forest
Juxtaposition grid

Roads converted to raster grid and
EUCDISTANCE applied;
FOCALMEAN, with 250-m
tmeighborhood, applied to create Forg
Juxtaposition grid (see sections 2.2.1
and 2.2.3.8)

St
3.7

Special Habitat
Feature (island, cave
outcrop, cliff,

Various (see section
22.2.3.9)

Each feature was buffered by 100
meters, 2 kilometers, 7 kilometers, a
15 kilometers

dam/bridge)
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2.2.2 Mapping Range Extent

Existing range data sources for the MDN-GAP projeciuded state Natural Heritage
Programs (NHP), museum records, study skin cotlastiand Breeding Bird Atlas

(BBA) projects. At the time that the range mappivas initiated, the Maryland BBA
project (Robbins and Blom 1996) was just being deted, and the Delaware and New
Jersey BBA projects were in the process of beimgpdeted (Hess et al. 2000, Walsh et
al. 1999). Data from these projects became avaikidifferent times and there were
associated delays in completing the range mappiing. data from these various sources
were used to develop the Biodiversity Research @tinsn (BRC) data set, which is
based on the Environmental Protection Agency’'s gera used in their Environmental
Monitoring and Assessment Program. Within the Néargl-Delaware-New Jersey
project area, these hexagons ranged in size fraut&48 to 651 square kilometers per
hexagon. Because hexagons have a constant shhpzamnd are easily aggregated or
tessellated, they overcome many problems assoaatkdielineating species ranges
using county boundaries (Boone 1996). The BRO&iffas overseen by NatureServe,
with staffs from the NHPs, Maryland Department @fttidal Resources (MDDNR), and
U.S. Fish & Wildlife Service (USFWS) involved intdagathering and development.

Although the Maryland and Delaware BRC projectsexnaympleted in draft form in

1997, there were erroneous records along the Vagdiaryland border which were not
corrected until the BRC project was finalized imyJaf 2002. The New Jersey BRC
project was initiated much later, and was initiatiiended to cover only half of the state,
but with assistance from the USFWS, this project extended to cover the entire state.
The New Jersey BRC data were made available inafl#902, when the data sets for the
other states were finalized. The BRC dataset fdrthe basis for the range-mapping
component of the MDN-GAP.

The species records associated with each hexaglhméa code indicating the level of
certainty of breeding occurrence for the speciesh@awn in Table 2.2. In general, only
those records with “probable” or “confident” levelscertainty were used. However,
there were cases where a hexagon with a “posduatel of certainty was surrounded by
hexagons with higher levels of certainty, and vesdfore included in the modeling.
There were also cases where new information oopatknowledge provided
justification for inclusion of additional hexagomsa species range limits within the
project area. The BRC data were used for most camspecies, and for some rare
species, including three of the four modeled tamarimals, reptiles, amphibians) in New
Jersey, where availability of NHP data was limitekh example of a hexagon-based
range map is shown in Figure 2.1.
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Table 2.2: Codes Indicating Level of Certainty of $ecies Breeding Occurrence in
Hexagon (Hernandez 2002)

LEVEL OF EXPLANATION IN BASIS FOR LEVEL OF
CERTAINTY NUMERICAL TERMS CERTAINTY OR EXAMPLES
Confident / >95% certainty that the species | recent, field-verified element
Certain occurs in the hexagon -- species @ccurrence record in the heritage

confidently assumed or known tp database, museum record, or a
occur in the hexagon verified observation; the species’

habitat is believed still present in
the hexagon; and the species is npt
a vagrant nor is it known to have
undergone any local decline that
would lead one to expect that it was
not still currently present

Predicted / >= 80% certainty that the specieshexagon is well within the range of
Probable occurs in the hexagon -- species the species and suitable habitat is
predicted to occur in the hexagonbelieved to be present but its
based on the fact pattern (e.g., | occurrence in the hexagon was ng
presence of suitable habitat or | known to be confirmed by the
conditions and historical record | developer of this data file

and/or presence in adjacent

—

hexagon(s))

Possible 10%-80% estimated likelihood phexagon occurs at the edge of the
occurrence in the hexagon -- species range, or the species is quite
species possibly or potentially | rare and sporadically distributed
occurs in the hexagon such that there is less than an 80%

probability that it is present in the
hexagon

For most rare, threatened, or endangered spegepaaate range database was created,
with most records coming from the Natural Herit&gegrams, and the smaller 7.5-
minute quadrangle unit was used. Natural Heriaggram data covering all of New
Jersey could not be obtained, so BRC data werefos@dl species in this state, with the
exception of rare, threatened, or endangered dwdsyhich BBA data were used to
populate quad-level records. Rules regarding $eoktertainty of occurrence were
essentially the same in the Natural Heritage Progtata and the BBA data. An example
of a quad-based range map is shown in Figurel@\&stigators for this project had
originally intended to run models at both the gleae! and the hexagon level for all
species, in order to compare the results of theapyyoaches, but available resources for
this three-state project were inadequate to allosvextra level of effort. There was also
an interest in running bird models using the BBAdiks, each of which is one-sixth of a
7.5-minute quadrangle, but this extra initiativesvedso foregone due to inadequate
project resources.

12



Sharp-tailed Sparrow Distributional Limits -
Based on Biodiversity Research Consortium Data
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Figure 2.1: Example of a Species’ Range by Hexagon
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Due to the delays in completing the BRC projectdMaryland, Delaware and New
Jersey, some of the final revisions to the BRC datavere not incorporated into the
range data tables used in the modeling. Howellespecies ranges were reviewed
internally, and most, if not all, of the errors weliscovered and corrected. In addition,
there are still some known problems with the flBRIC data set that were addressed in
the modeling (e.g., range data for the red squimrtie Coastal Plain of Maryland and
Delaware are considered erroneous). This inteavaw also led to the development of
“estimated” ranges for some, mostly common, spediegimated ranges generally
included “possible” hexagon occurrences that warsosinded by hexagons with higher
levels of certainty of occurrence. However, irea tases, hexagons were added based
on new information.

There were also examples of subspecies with diffeniabitat requirements which
necessitated separate models and then a mergmgd#l results. For example, there are
two subspecies of the deer mouBeromyscus maniculatusjthin the project area. One
subspecies, the woodland deer mo#sen. maniculatuss generally restricted to
woodland habitats, while the other subspeciesptagie deer mous®,. m. bairdij is
generally restricted to open, herbaceous habittsh subspecies occur within the
project area, but their ranges are not completetylapping. Therefore, separate range
(hexagon) data were developed at the subspeciels tbe two subspecies were modeled
separately, and the results were merged into &dpecies-level model. Similar issues
were addressed in much the same way for two sulespelccopperheadgkistrodon
contortrix, which has a northern subspecies that uses rockiatgland a southern
subspecies or intergrade that is found in swanip®re are also two subspecies of the
eastern earth snakéirginia valeriag one of which is a rare subspecies found onljén t
mountains, and two subspecies of swamp spaitelgspiza georgianaone of which is
found primarily in and around tidal marshes, wiiile other is found primarily around
inland, non-tidal marshes. Because the lattersmaspecies have separate breeding
ranges within the project area, species-level mogelould have resulted in many errors
of commission. Although the National GAP standamd the BRC range data do not
support subspecies-level modeling, this extra le¥elffort was deemed necessary in a
few cases in order to achieve accurate model ssult

2.2.3 Habitat Modeling Grids

2.2.3.1 Habitat Types

The primary species habitat modeling layer, onewss included in the modeling
equations of all species, was the Habitat Type$ grhich was based on the GAP Land
Cover, National Land Cover Data (NLCD), and Nationetlands Inventory (NWI) data.
Authors who have identified and described wildhbitat types in the eastern United
States include DeGraaf and Rudis (1986), Benyu8Q)l DeGraaf et a(1991), Hamel
(1992), and Robbins and Blom (1996). Many addélafforts have been made to
classify plant communities without regard for tlegtebrates occupying the community.
These include Harshberger (1970), Brush (1975)sIBrt al (1980), the Society of
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American Foresters (Eyre 1980), TNC in conjunctioth state Natural Heritage
Programs (Sneddon et 4094; Sneddon and Berdine 1995; Clancy 1996; @1aAa68;
Sneddon 1999), and the Federal Geographic Data @teen(FGDC) (1997). Additional
efforts have been focused on classifying naturairoanities, with consideration given to
both plant and animal communities (Kricher 1988 d&m 1989, Berdine 1998, Sneddon
1998). Cowardin et a(1979) provide a classification of wetland andatou
communities based on plant species compositiorrolggly, and other factors. Finally,
Anderson et al(1976) have provided a classification of land useéc types, including
urban and agricultural areas.

A key step in vertebrate distribution modelingagptovide a cross-walk from habitat
associations in the literature to land cover tygpeserated in the land cover mapping
phase. We were constrained on several levelsregthrds to this objective. First, land
cover mapping was conducted concurrently with #ebrate distribution modeling, and
land cover types were unavailable until late intbgebrate modeling phase. Second,
very little of the available literature on specleshitat associations was specifically
focused on the mid-Atlantic region, and some saitiat were focused on the mid-
Atlantic were not available until late in the vdntate modeling phase (e.g., Walsh et al.
1999, Hess et al. 2000, Hulse et al. 2001,WhiteV@hde 2002). Finally, many of the
sources did not consider the full range of potéhigditat types available, but were
limited in their scope (forests and wetlands exgklg, for example).

As a consequence of these limitations, we choslevelop a standard list of wildlife
habitats (termed ‘Habitat Types’) for the projeGhey represent distinctions likely to
have unique assemblages of terrestrial and amplshiertebrates, or a unique
combination of occupancy and utilization by temasior amphibious vertebrates (i.e.
foraging, nesting, denning, overwintering, aestorgtetc.). Species’ responses to
environmental parameters in habitat selection framy species to species, but key
parameters influencing distribution often includ®graphic context (latitude/longitude,
elevation, etc.), microclimate, plant community gasition, vegetative structure, ground
conditions (leaf duff, soil type) and wetness (gemesic, wetland hydrology).
Additional parameters might include wetland sajingpecial habitat features (e.g., rock
outcroppings), and the degree of human disturbambe. habitat types were developed
with primary consideration given to these paransesed their effects on species
distributions. The steps taken in developing thalflist of Habitat Types and their
descriptions were as follows:

1. A literature review was conducted of key soureggesenting authors who had
classified habitats or community types for the eastU.S. based on either animal
communities (DeGraaf and Rudis 1986, Benyus19@&@;af et al1991, Hamel
1992) or plant and animal communities in combirmatidricher 1988). The
classifications they derived, including primaryrmlapecies composition, were
summarized in a document (Appendix B).
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2. A spreadsheet of primary classifications frowese sources was compiled. From this,
new categories were derived which captured singlEssifications from multiple
authors. These ‘habitat types’ were named idéehtioawith similar naming
conventions to source classification names. Theaglsheet is included in Appendix
C.

3. Aguatic habitat descriptions were developed dasemodifications of Cowardin et al.
1979) and additional information from Tiner (198&j)d urban and agricultural
habitats were modified from Anderson et(@B76), based on known vertebrate use of
these areas.

4. Finally, the list was refined based on consigitawith numerous other community
classification schemes, including Harshberger (.98fush (1975), Brush et.al
(1980), Eyre (1980), Breden (1989), Sneddon.€118P4), Sneddon and Berdine
(1995), Clancy (1996), Robbins and Blom (1996), [&3[997), Berdine (1998),
Sneddon (1998), and Sneddon (1999). In additigmraal crosswalk was developed
from the Habitat Types to TNC’s Alliances (Snedd®99), with reference to Gleason
(1963). While consulting these sources, numeraibgtdt types were added in cases
where identified plant communities had no previmmesentation in the Habitat
Types classification, but were very likely to sugpatistinct animal communities. The
final list of 103 Habitat Types is included in Appkx D, and definitions are provided
in Appendix E. Crosswalks between many of the H&fiypes and Alliances are
available in Gorham and McCorkle (2006).

Once the list of habitat types was finalized, deatas built for use in cross-walking
GAP Land Cover classes or aggregations of classeshie Habitat Types. In reviewing
the draft GAP Land Cover as a part of this procégssdecision was made to integrate
National Wetlands Inventory (NWI) data and Natiobahd Cover Data (NLCD) into the
final habitat grid. This decision was based oresaiMindings related to the GAP Land
Cover, among those being: 1) it included only twatev classes, which would be
problematic for modeling certain species’ or anigralups’ distributions (e.g.,
amphibians), 2) there were forest classes thatded both upland and wetland forests,
3) many wetland classes appeared to be under-mappegpared with NWI, 4) many
areas known to be relatively pure hardwood foreste mapped as mixed forests, 5)
Atlantic white cedar swamps were found to be undapped in New Jersey, 6) bald
cypress swamps were mapped in New Jersey, wherewlamp association does not
naturally occur, 7) water features larger thanstia¢ed minimum mapping unit were
missing from the Land Cover in some geographicsaieat were included in both the
NWI and NLCD, 8) steep slopes and cliffs along rsv&ere mapped as water in some
areas, 9) there was only one urban developed Isadlass, 10) certain special wetland
types that might potentially be derived from NWhdahat are very important to
particular animal communities, were not included.(evernal pools), and 11) coastal
plain alliances or associations were mistakenlypedpn the mountains and montane
alliances or associations were mistakenly mappeti@coastal plain.
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Because the draft land cover layer did not linevefi with NWI, NLCD, or USGS
1:100,000 scale roads and hydrography, a thirdrgrdignomial rubber sheet
transformation was applied using the WARP commaniRC/INFO GRID, using these
other data sets for control point links. NWI datre then aggregated into 32 wetland
classes corresponding with habitat types definethis habitat layer. Extra steps were
needed for some wetland habitats, such as verdd pdiich required selection of only
those wetlands that were isolated and had hydratogyifiers indicating at least seasonal
inundation, and, from this subset, further selecbased on wetland size (area < 2 ha)
and shape (Patton Circularity Shape Index of <3 16 addition, tidal wetlands with the
oligohaline modifier were lumped with freshwatetati wetlands (also including riverine
tidal classes), and deciduous needle-leaved folastes were assumed to be bald cypress
swamps on Delmarva and tamarack swamps in nori¥ennJersey. Finally, near-shore
estuarine and marine open water classes were dedsbeing within 300 m of shore,
with offshore classes being more than 300 m frooreshOnce all wetland polygons
were reclassified to the habitat classes, the emewas converted to a grid.

The NWI habitat grid had two-digit values and wadtiplied by 1,000 to produce five-
digit values ending with three zeros. The NLCDgiso had two-digit values, and was
multiplied by 100,000 to produce seven-digit valaading in five zeros. The GAP Land
Cover grid had three-digit values, and was addezhth of the above grids, producing a
grid having seven-digit values with the first twigits indicating the NLCD class, the
next two digits indicating the NWI class, and threaf three digits indicating the GAP
Land Cover class. A cross-walk table was createddused for reclassifying the various
combinations of NWI, NLCD and GAP Land Cover. kngral, the resulting habitat
class was determined by agreement between atiVeastf the input grids, but in cases
where there was no agreement, the default was glgntre GAP Land Cover
classification. The primary objectives of this sgach were to: 1) improve wetlands
mapping in the habitat grid, especially with regatal those wetlands that were excluded
from the GAP Land Cover as a result of the minimmapping unit (e.g., vernal pools);
2) improve agreement between the resulting hapitdtand the wetland "buffer” (i.e.,
proximity) layers produced for the modeling (seetism 2.2.3.2); 3) improve agreement
between the habitat grid and the forest fragmeortagrids which were based on the
NLCD; 4) create distinct water habitat classes;esithe GAP Land Cover had only two
water classes, and wildlife species respond diftir¢o several different aquatic habitats
(e.q., pond, lake, lower perennial river, uppeepeial river, tidal river, bay, ocean); 5)
make a distinction between upland and wetland etaskaring similar vegetation that
were lumped into one class in the GAP Land Covebefter define wetland classes
based on the NWI hydrology modifiers (e.g., sakaatersus inundated); and 7) create
additional distinctions in anthropogenic land us€&ke cross-walk table referred to above
is too large to be included in the appendices isfrggport, but will be provided either as a
supplement to the final habitat modeling layer @yrbe obtained from the contact listed
in its metadata.

After the cross-walk-driven reclassification wasndeted, additional refinements were
required. For example, a physiographic provineg @was used to create masks for
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reclassifying GAP Land Cover classes which werppnapriately classified relative to
physiographic province (e.g., montane classes mwitie Coastal Plain). In addition,
aspect was used to reclassify various habitats.example, on the coastal plain and
piedmont where the northern mixed forest habitabhi@ining hemlock) is rare except on
north-facing slopes (e.g., steep, north-facingedoglong the shores of the Chesapeake
Bay), any northern mixed forest habitat cell withaspect between 45 and 315 degrees
(i.e., not north-facing) was reclassified to aelént forest type — often mid-Atlantic oak-
pine.

Aspect was also used to a limited extent to sepawai other forest types: northern oak
and oak-hickory, with the former generally occugron north- or east-facing slopes in
cooler, often more mesic conditions on deep saiig, the latter generally occurring on
south- or west-facing slopes in warmer, drier cbods on thinner soils. However, this
distinction was only deemed necessary for two GARA_Cover classes that lumped both
forest types together: 1) “Red Oak-White Oak” vwhig described as being mesic to dry
and includes dry, acidic oak-hickory forests ad aglnorthern aspect, mesic forests, and
2) “Mixed Oak-Sugar Maple” which is described aslunling stunted oak-hickory
woodlands on talus slopes with thin, dry, aciditss@nd oak-sugar maple forests on
deep, moist to well-drained loams and silt loamsiorth and east mid-slopes and coves.
Because these lumpings create problems from aifgilathbitat perspective, it seemed
appropriate to use aspect to separate them. f@wmitsthese two Land Cover classes were
reclassified to the oak-hickory habitat type ifythead an aspect between 135 and 260
degrees. If their aspect was between 280 and 8¢feds, or between 0 and 100 degrees,
they were reclassified to northern oak.

An elevation mask was also used to separate vahnialisats: Northern hardwood
generally occurs above 1000 meters in the mid-Attathe mixed mesophytic forest
habitat generally occurs between 300 and 1000 s)edad the low-elevation mesic
hardwood habitat was defined as occurring belowrB00A slope mask was used for the
high-elevation and mid-elevation woodland clasedsch are defined as xeric
woodlands on steep, usually south-facing, slop#sodlands occurring on southern
aspects (135 to 260 degrees), on slopes greatefi@itapercent, at elevations above 500
meters, were classified as high-elevation woodlamisodlands occurring within the
same slope and aspect ranges, but occurring &@wb00 meters, were classified as
mid-elevation woodlands.

Unclassified, isolated patches of water cells,(tleat did not correspond with NWI and
were not contiguous with a classified aquatic lepivere assigned unique values by
zone (i.e., contiguous patch of water cells) usf5IONGROUP, and were then
classified by size to either "lake" or "pond," béhem the Cowardin (NWI) definitions for
these water classes. In general, an isolated patwhter greater than 8 hectares in size
was classified as a lake, and a patch less thact@rdes was classified as a pond.
Unclassified water cells that were contiguous witssified aquatic habitats were dealt
with using a nearest-neighbor reclassification.
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While oligohaline tidal marshes were lumped witkstiwater tidal habitats, based on the
NWI oligohaline modifier, another approach was rezkth separate salt marshes from
brackish marshes. Salinity maps for the Chesapaattdelaware Bays were found in
Funderburk et al. (1991) and in Sutton et al. (398&pectively. These maps were used
as a reference in creating salinity masks to sépagdt and brackish marshes, with
brackish marshes ranging between 5 and 18 parth@easand salinity, and salt marshes
ranging between 18 and 30 parts per thousand.oliime marshes range between 0.5
and 5 ppt salinity.

A hemlock data set, created by the New Jersey Dapat of Environmental Protection
(NJDEP), was converted to a grid in the approppatgection and used to select
corresponding forest. Where one or more of thegtlprimary data sources (GAP Land
Cover, NLCD, NWI) indicated a conifer-dominatednoixed forest, the habitat was
classified as either Northern Conifer or Northerixédl Hardwood - Conifer, both of
which are defined to include hemlock where the tadloiccurs on a north-facing aspect or
in other cool, shaded situations (e.g., ravindfsthe majority of the three primary data
sets indicated a hardwood-dominated forest, themd#bitat was usually classified as
Low Elevation Mesic Hardwood, which is also defiredsometimes include hemlock, as
long as the elevation criterion was met.

Feedback from a New Jersey GAP research assoedtitated that Atlantic white cedar
swamps were under-mapped in the GAP Land CoverAtkamtic white cedar swamp
data set, also created by the NJDEP, was converi@drid in the appropriate projection
and used to select corresponding forest. Wher@pn®re of the three primary data
sources (GAP Land Cover, NLCD, NWI) indicated aiteradominated or mixed
forested wetland, the habitat was classified aarAit White-Cedar Swamp.

There was also a slope-related issue which waswksed in the western Maryland GAP
Land Cover. CIliff shadows along the Potomac Rwere classified as water, and NWI
was used to more accurately define the river’'srextethis area. The remaining cells
were reclassified to the “cliff” habitat type, extevhere the NLCD provided vegetated
classes which were classified to various steepesl@getated habitat types.

Prior to finalizing the Habitat Types grid, unresad cells were reselected and any
contiguous clusters of 5 or more cells (0.45 hapwaentified using REGIONGROUP.
These clusters were reevaluated and classifideetonbst appropriate habitat type. Once
these clusters were classified, a nearest neigtiéassification was applied to the
remaining, unclassified cells. A map of the Hatbltgpes in New Jersey is shown in
Figure 2.3.

20



Mew Jersey Habitat Types
 Mgricultural Barren
~ bgricultural Dewveloped
Byricultural Forlike Crop
Byricultural Grass-like Crop
Sgricultural Crchard
Sgricultural Pasture
I Aaricultural Plartation
Soricultural Clear-Cut
Sgricultural Shrub-like Crop
Urban Barren/Extraction
I Urban High-Intensity Developed
Urkan Lahdscaped
Urban Low-Intensity D eveloped
0 Urban Tranzportation Comidor
Estuarine Intertidal BeachBar
B Estuatine Intertidal Mudfiat
Estuarine Subtidal Nearshore
Estuarine Subtidal Offshore
Estuarine Tidal Pand
Estuarine Tidal River
B Fresh Intertidal Mudflat
[ Fresh Tidal River
B Lake
Lawer Perennial River
Mating Intertidal BeachBar
Matine Subtidal Mearshore
Mlatine Subtidal Offzhore
B Fond
[ UpperPerennial River
I Gravel Barren
| Rocky Cliff
Sand Dune/Flat
Uncansolidated Shore
| Coastal Plain Pine
I Coastal Plain Pine-0ak
I Low Elevation Mesic Hardwood
[0 Mig-Atlantic Oak-Pine
00 Mig-Elevation W oodland
B Mixed Mesophytic
I Maritirne ForestAloodland
I Morthern Conffer
I rorthern Hardwood
I Motthern Mixed HardwoodConifer
I Motthern O ak-Caonifer
B totthern O ak
0 DakHickary
[0 Pine Bamen
DuneMaritime Grassland
Dry SlopeiGlade
Hetbaceous Old Field
Upland Riparian Hethaceous
I Llpine Boreal Heath
- DuneMartime Thicket/Shrub
[ Mid-Successional Old Field
Pine Baren Scrub
Shrub/Sapling Cld Field
B Atlantic 1 hite Gedar Swamp
I Ecttormland Hardwood Swamp
I Eoy Forest
B Goreal Swamp
I Cozstal Plain Pine Flatood
B Deep Svamp Hardwood
B totthern Coniferous S uamp
B totthern Hanlwaod S wamp
I totthern Riparian Forest
B 0ak Swanp
B Fine-Hardwood Swarnp
B Erackish Emergent Marsh
Interdunalfaritime Marzh
[0 Fresh Robust Emergent harsh
I Fresh Tidal Marzh
I High Salt Marzh
0 Hetvaceous Vernal Pool
B Low Salt Marsh
 WetMeadowRiparian Hethaceous
B Flooded Shrub Suamp
[ Maritime W et Thicket/Shub
I totthern Boreal Bog
I totthern Boreal Fen
B Riparian ThicketShb
[0 salt Marsh ScrubdShrub
I saturated Shrub Swarmp
B W oody Verna Paol

New Jersey
Habitat Types

Figure 2.3: Habitat Types in New Jersey
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Of the 103 habitat types which were defined fos tinioject, several were not mapped for
various reasons. For example, sparsely vegetaiaithks such as "outcrop” and "gravel
barren" were generally not mapped because thesgseslavere not captured in the GAP
Land Cover. CIliff data became available after tiabitat grid was finalized. There are
many cells which should be mapped as the cliff taalbype, but are mapped as other
types. Although the "seep" habitat type is thoughie important for several amphibian
species, this was not mapped because it geneiy®as a very small feature on the
landscape and it could not be derived from the GARI Cover or other ancillary data.
Some habitat types were not defined but, in regosshould have been defined and
mapped (e.g., impoundments, aquatic beds). Wghrds to minimum mapping unit,
this data set is relatively good in terms of cortgpless. NWI data were used to capture
vernal pools and farm ponds as small as 0.09 hee(@a22 acre; one 30-m cell), which
were otherwise smaller than the minimum mapping afnthe GAP Land Cover. A
possible drawback to this is the earlier vintagéhefNWI (generally 1980s), which may
have led to some errors of commission where suwettufes have been lost through
development or conversion to agriculture, but serchrs were generally avoided where
both the GAP Land Cover and the NLCD indicated mthrapogenic land use class.

A very important habitat which could not be incldde the habitat layer was the

"stream" habitat type, since most streams are maatower than a 30-m cell. If NWI

and USGS mapped a water feature as a polygonijtthes included in the habitat layer,
but if the water feature was captured only as @alir{non-polygonal) feature in both of
these data sets, then it could not be includederhabitat layer. This necessary omission
was compensated for by a separate wetland/waterécuffer (proximity) modeling

layer which is described below. Finally, the NL@Bveloped by EPA was used to add
small woody habitats (i.e., smaller than the 2-l@mum mapping unit of the GAP Land
Cover) to the habitat layer, since these habita&snaportant to edge species. These cells
were generally classified as Mid-Successional @étdFsince they were mostly disturbed,
edge habitats.

2.2.3.2 Wetland Buffers

To some degree, many animal species are assowidledletlands. Some species are
almost always found near wetlands, and studiesméin species groups indicate
predictable numerical relationships. For examatiilt salamanders (n = 265) of six
speciesAmbystoma jeffersonianum, A. maculatum, A. opagdunalpoideum, A.
texanum, A. tigrinujnwere found an average of 125.3 m from the edgejoétic

habitats during the non-breeding portions of thigrcycles, and a wetland buffer zone of
164.3 m (534 ft) could be expected to encompasm#jerity of the population of these
salamanders during their entire life cycle (Serotit$998). The spotted turtl€lemmys
guttatg is generally found within 500 m of a wetland (\Mbck 1994). Gardner (1982)
stated that the Virginia opossumigelphis virginiang requires considerable amounts of
water to avoid dessication, and accessibility ofsge water may be critical to suitable
opossum habitat. Sandridge (1953) found that thatgst distance between any opossum
den and a source of drinking water was approxima@6é m (1,200 ft) [In Gardner

1982]. In a study of the habitat requirementshefdspreyRandion haliaetus Ewins
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(1997) found that 93% of 179 tree nests were wifitid m of water, and the median
distance to water for tree nests was 10 m (vs.fdrmests on artificial platforms) [In
Poole et al. 2002].

In some cases, numerical data are not providedauthiors state that a species is
generally found “close to streams,” “along streaargms,” “along swamp margins,” or
“in floodplains.” In these cases, knowledge of $pecies’ home range size was used in
assigning the species to one of four wetland bufigiances. The four “buffer” distances
chosen for inclusion in modeling the habitat reguonents of species that most commonly
occur near wetlands were 100, 250, 500, and 100thraddition, fourteen general
wetland types were identified as being importardrie or more species: 1) stream, 2)
river (both tidal fresh and non-tidal), 3) lake,pond, 5) swamp (forested), 6) shrub
swamp, 7) saturated/temporary, 8) vernal poolréyif marsh (non-tidal), 10) fresh tidal
marsh, 11) salt/brackish marsh complex, 12) estaaiver/stream/pond, 13) salt bay,
and 14) ocean. A table of species-wetland bu#kationships was created for each of the
four taxa (birds, mammals, reptiles, amphibiansg, @ur “hypergrids” were created, one
for each buffer distance, by combining the buffefrthe 14 wetland types according to
the following methods:

NWI served as the primary data source for devetpghins modeling layer. Wetlands
were aggregated into most of the types listed abaged on NWI codes (see Cowardin et
al. 1979) which indicate wetland SYSTEM (e.g., estie), SUBSYSTEM (e.g.,
intertidal), CLASS (e.g., emergent), and, in somges, SPECIAL MODIFIERS (e.qg.,
oligohaline). In addition, the Patton Circular@hape Index was calculated for certain
palustrine wetlands in order to develop a subsetetfands meeting one of the identified
criteria for vernal pools. Other criteria for varmpools included size (area < 2 ha), and
hydrology (NWI hydrologic modifiers indicating atdst seasonal inundation). All of the
wetland buffer types listed above were derived fidwil, with the exception of the
“stream” wetland type, which was created from USBH.$s (see below). The resulting
wetland coverage was converted to 13 separate, gm@sfor each wetland type. The
EUCDISTANCE command was then applied to each GRiuffer the wetlands to
each of the four buffer distances (100 m, 250 9, Q1 km), creating four separate
grids for each of the 13 wetland types. This apphas cleaner than buffering polygons
in a vector format.

The USGS 1:100,000 Hydrography data were usedvelale the stream component of
the wetland buffer grids. Using NWI, a "salt maskds created, which was essentially a
polygon that included all estuarine tidal wetlamelas, but excluded those with the
oligohaline modifier. This polygon was intersecteth the preliminary stream coverage,
and all stream segments occurring within that are@ deleted, leaving just those stream
segments outside of the saltwater tidal areas. fihakestream coverage was buffered to
the four buffer distances, and these coverages egereerted to grids. The stream
segments that fell within the salt mask were alsibelbed and converted to grids, as were
NWI line features falling within this zone, and ttesulting grids were merged with the
Estuarine River/Stream/Pond wetland buffer grigstad in the previous step.
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The final Wetland Buffer modeling layers were cegblby combining the individual
component grids (stream, river, lake, pond, swahpyb swamp, saturated wetland,
vernal pool, fresh marsh, fresh tidal marsh, satkish marsh, estuarine
river/stream/pond, salt bay, and ocean), each tadfe four distances (100 m, 250 m,
500 m, 1 km) for a total of 56 separate buffer gjridto 4 binary-coded "hypergrids,” one
for each buffer distance, such that the placemekthteocharacter in the binary code
denotes the wetland type. An AML, written by Ja&aml (Idaho Cooperative Fish and
Wildlife Research Unit) for use in combining firegdecies models into multiple-species
hypergrids, was used to combine the different weltlauffers into the hypergrids.

It should be noted that, for all modeling variablegontrol table determined whether or
not a particular modeling variable was “requiredf.a variable was required (e.g.,
species is restricted to habitats that are witleid heters of a particular wetland type),
then the final mapped species distribution wagfid” by that variable. Conversely, if
the control table indicated that a particular valeavas not required by the species, then
portions of the species’ distribution influencedtbgt variable might receive a higher
overall suitability ranking in the final resultsytithe species’ distribution would not be
excluded from areas outside of the influence of vhaable.

2.2.3.3 Forest Fragmentation Variables

The conservation of birds requires an understandliigeir nesting requirements,
including area as well as structural charactessticthe habitat (Robbins et al. 1989).
Several studies have shown that many bird spee&s $0 depend on extensive forested
areas to support viable breeding populations. (Rsbét al. 1989, Keller et al. 1993,
Kilgo et al. 1998, Whitcomb et al. 1981, Lynch afitiigham 1982, Anderson and
Robbins 1981, Robbins 1979), and forest area reopgnts have been summarized by
various authors (Hamel 1992, bushman and Therr@8, Rosenberg et al. 1999).
Species that appear to be sensitive to forest feaggtion are sometimes referred to as
forest interior-dwelling (FID) species or foreseardependent (FAD) species. There are
some species that are sensitive to forest pattdtiso, requiring a large amount of
overall forest cover, but which do not necessaatyire forest interior. Therefore, the
latter of the two terms is more applicable to #spect of the modeling.

FAD species were defined as species showing afisigmi (p < .05) negative response to
forest fragmentation in one of any number of putdts studies conducted in the eastern
United States. The typical research approach nalyss in studies of this nature
involves breeding season point counts or transdetsajled measurement of vegetation
and other environmental variables, including fragtagon metrics, at point count
locations, and analysis including stepwise multielgression to identify which
environmental variables are significant predictwraesting occurrence.

Modeling FAD species distributions required thealepment of three forest

fragmentation data layers, based on metrics idedtds significant in published studies.
These were forest patch size measured by zon&hess, riparian forest width, and the
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percent of forest within 2 km as a measure of tguagch isolation. These metrics are
illustrated in Figure 2.4.

Spatial Metrics of Fragmentation Used in Species Modeling:

Natural Log of Forest Area (ha)

. att (1] H -
(Zonal Thickness (m)) Isolation (*% in2km)

Riparian Width (m)

Figure 2.4: Forest Fragmentation Metrics used in Hhitat Modeling.

Suitability of values in the fragmentation layeos €ach species was determined on a
species by species basis from probability curvégududrom logistic regression analysis
(see Figure 2.5). Data from two primary studieshiitns et al(1989) and Keller et al
(1993), were used for this process. The lattaetystvas used for riparian dependent
species, and the former for other species. Prbtyatiirves are species specific, with the
x axis on these curves representing the fragmentatietric, and the y axis representing
the probability of occurrence for that speciesaginentation metric values corresponding
with 80% of the maximum occurrence of a specieewensidered optimal, values
corresponding with 50% of the maximum were consideuitable, and values
corresponding with 20% were considered marginalu¥s less that 20% of the
maximum were not considered habitat. Tablep2dides a summary of the
fragmentation metrics and the suitability threskalded on a species by species basis.

25



E

10
0.9
w08
i 0.7
L 0s

w 05

E 0.4 ]
é 03]
a 024

01 ]

NORTHERN PARULA

0.0

Figure 2.5: Example of Probability Curve (Robbins ¢al. 1989).

AREA OF FOREST (HA)

3200

1000.0 32000

ZONALTHICKNESS is an ARC/INFO GRID function whicheasures the radius of the
largest circle that will fit within a zone, in thimse a forest patch. This was used as a
surrogate for forest patch size because it provadedutomated way to reduce the forest
interior value of irregularly shaped patches ogltinear forests; these forest patches
were manually eliminated in the published studiesawaluated. A calibration of zonal
thickness to the forest patch size as determingukifield studies was conducted from

records of the original point locations (Figure)2.6

Table 2.3: Modeling Parameters and Suitability Thresholds for Area Sensitive

Species
Significant Modeling
parameters
(P<.05) variable minimum mid range high range
SPECIES (any study) used (>marginal) | (>suitable) (>optimal)
Red-shouldered hawk yes 1S2 37.2 71.1 90.1
Barred owl RIP 188.3 580.8 1159.9
Pileated woodpecker yes LAR 11.6 164.9 974.5
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Modeling

Significant
parameters
(P<.05) variable minimum mid range high range
SPECIES (any study) used (>marginal) | (>suitable) (>optimal)
Hairy woodpecker yes LAR 14 6.5 367.1
Acadian flycatcher yes LAR 0.2 14.7 389.8
Yellow-throated vireo yes 1S2 36.6 69.9 89.5
Red-eyed vireo yes LAR 0.3 2.3 16.2
White-breasted nuthatch yes LAR 0.5 15 193.9
Brown creeper yes 1S2 58.4 81.5 93.9
Blue-gray gnatcatcher yes LAR 0.8 13.7 452.7
Veery yes LAR 41 49.6 712.3
Wood thrush yes LAR 0.2 0.2 26
Northern parula yes LAR 65 528.3 1674.6
Black-throated blue warbler yes LAR 523.3 1079.3 1630.7
Cerulean warbler yes LAR 115.8 713.9 1872.9
Black-and-white warbler yes LAR 12.2 224.8 1219.4
American redstart yes 1S2 15.8 61.9 87.2
Prothonotary warbler yes RIP 121.8 261.7 562.6
Worm-eating warbler yes LAR 5.8 153.2 1055.4
Swainson's warbler yes RIP
Ovenbird yes LAR 0.8 9.1 232.9
Northern waterthrush yes LAR 16.7 190 855.8
Louisiana waterthrush yes RIP 121.3 262 580.8
Kentucky warbler yes RIP 5.3 47.3 716.5
Hooded warbler yes 1S2 14.6 58.9 85.4
Canada warbler yes LAR 56.2 369.8 1116.2
Summer tanager yes LAR 0.8 47.4 736.1
Scarlet tanager yes LAR 0.9 12 128.8
Rose-breasted grosbeak yes LAR 1.1 11 88

LAR - area of forest stand (ha) as modeled by Robbt al. (1989)

IS2 - forest isolation measured as % forest withkm radius as modeled by Robbins et

al. (1989)

RIP - riparian forest width as modeled by Kelleakt(1993)

minimum: area/percent/width where modeled frequaricdetection = 20% of maximum

(marginal 20-49%)

mid range: area/percent/width where modeled frequehdetection = 50% of max.

(suitable 50-79%)

high range: area/percent/width where modeled frecpef detection = 80% of max.

(optimal 80-100%)
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Figure 2.6: Correlation of Zonal Thickness and Natual Log of Forest Area as
determined in Robbins et al (1989).

The first step in developing the forest area modetjrid was to select forest classes and
other woody classes from the NLCD, and apply varipocesses and filters to the data in
order to: 1) eliminate small forest openings (<)Iiat considered substantial enough to
affect FAD species occurrence, and 2) separatstfpegches tenuously connected so
they would be considered separately in zonal treskranalysis. USGS class 1 and 2
(major) roads data were also used to separateuslyumnnected forests. The selected
line coverage for major roads was converted tad grerged with the forest grid, and
then set to NODATA to create this separation. 8daoy and other minor roads were
assumed to be insignificant in terms of breakirggdbntinuity of a forest patch.

Although the distinction between major and minad® is somewhat arbitrary and
subjective, it was driven by a preliminary evalaatof the forest patch grid in which
forest patches that appeared to be separate amttjiand were bisected by major
highways, were nevertheless tenuously connectdteiNLCD. By comparing bird
populations in forests on both sides of power-&nd road corridors of different widths,
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Robbins et al. (1989) determined that gaps of 1@ more produced isolation
characteristics in the small fragments created.

After applying the major roads grid to achieve s@®paration of forest patches, the
SHRINK command was used in GRID to create furtlegasation between patches.
Next, two filters (majority filter and focal majay) were applied to eliminate small (e.qg.,
single-cell) openings in the canopy, essentiallpsthing the forest patch grid in order to
obtain more accurate zonal thickness (i.e., fggagth depth) measurements. These
processes are described in greater detail in thadat that accompanies this modeling
grid. Once the filters were applied, the EXPANDtnand was applied to expand the
forest patches back to their original sizes.

After the forest data were smoothed and tenuousiyiected patches were separated,
REGIONGROUP was used to assign each spatiallyndistbrest patch a unique value.
This allows the final processing step, measurermenonal thickness, to evaluate each
distinct patch separately. Prior to this finalpste mask was applied to eliminate distinct
patches having a count of less than or equal {@.d.0less than 1 ha), including forest
canopy openings below this threshold. Such openivauld generally be less than 100

m wide, regardless of shape. The ZONALTHICKNESSsueement was then used to
measure the maximum depth into a forest patch.ap depicting forest area as measured
by ZONALTHICKNESS is shown in Figure 2.7.

The width of riparian forests was also determirrednfzonal thickness analysis, which
was applied to all forests adjacent to wetland atewfeatures. In this case, the radius of
the largest circle becomes a direct measure ohatfehe width of the riparian forest.

For the forest patch isolation modeling layer,¢hesen metric was based on the
approach used by Robbins et al. (1989), where psttation is related to percentage of
forest cover within 2 kilometers of the site beev@luated. After reclassifying NLCD to
forest (value = 100) and non-forest (value = (CECALMEAN process was run in
GRID in order to develop this modeling layer. Threcess measured the percentage of
forest cover within a 2-kilometer radius of eacldgell. A map depicting forest patch
isolation in Delaware is shown in Figure 2.8.
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Forest Patch Isolation
Measured as Percent Forest Cover
Within 2 Km of Each Grid Cell

Percent Forest Cover
0-10.981
10.981 - 21.962
21.962 - 32.943
32.943 - 43.923

 43.923-54.904
B 54.904 - 65.885
B 65.885-76.866
B 75866 -87.847
I 57847 -98.828

18 Miles

Figure 2.8: Forest Patch Isolation in Delaare
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2.2.3.4 Open - Grassland Area

Just as many forest-dependent birds are areadisensiiany grassland birds also require
large, contiguous habitat patches to maintain eidéeding populations. Habitat area
requirements for grassland birds were taken fromerse studies (Jones and Vickery
unpubl., Swanson 1996, Samson 1980, Smith 1992hSra91, Herkert 1994b, Herkert
1991) and minimum suitability thresholds were defirior each species. The process by
which the grassland area modeling grid was createsdessentially the same as that used
to create the forest area grid. The herbaceousatabvaluated included herbaceous old
field, upland riparian herbaceous, maritime grasflavet meadow, fresh marsh,
herbaceous vernal pool, fresh tidal marsh, braakialsh, low salt marsh, high salt
marsh, maritime marsh, forb-like crop, grass-likepg pasture, clear-cut, and agricultural
barren / fallow. Note that, although many of thieabitats are not generally used by
grassland species, they would not constitute “lg'emkgrassland area where they are
contiguous with appropriate grassland habitat, .arslitable habitats would be
eliminated as a result of the “habitat type” setetpart of the modeling. The northern
harrier is known to be area-sensitive and prefeyls marsh habitats.

2.2.3.5 Open - Edge Habitat

While some species require large, contiguous patohbabitat, far away from edges,
other species prefer edges. For these speci&jgmhabitat grid was created. This
involved first reclassifying all woody habitatsanbne class and all non-woody habitats
into another class. A EUCDISTANCE process was tygplied to each, separate class,
with a specified maximum distance of 300 meterkis Tipper threshold was based on a
study that found that nest parasitism by brown-bdambwbirds decreased with distance
away from forest edge, but extended >= 300 met¢osthe forest (Brittingham and
Temple 1983). Based on this and other informaitonas decided that a distance of 300
m, extending in both directions away from an edgp@uld encompass most of the
activities and habitat needs of "edge" speciesce(uclidean distance was applied to
both grids (woody and non-woody habitats), the tesults were merged.

2.2.3.6 Land Form (Elevation, Slope, and Aspect)

Elevation, Slope and Aspect are also importantdes for determining the distributions
and preferred habitats of some species. Theselmg@dgids were derived from the
National Elevation Data (NED) set. Elevation ipeessed in meters. Because the NED
has a 30-m cell resolution, elevations were averager a 900 square-meter area for
each cell. Therefore, slope is based on the oslsiiips among cells with averaged
elevation values, and this data set is only acedtatcoarse-scale analyses (e.g.,
1:100,000-scale or greater). The DEMGRID commaad used in ARC/INFO GRID, to
create the elevation grid. The SLOPE command wad in GRID, with the
PERCENTRISE option, to create the slope grid, aRdASPECT command was used to
create the aspect grid, which has values rangorg @ to 359 degrees.

2.2.3.7 Road Juxtaposition

For a small number of species, studies have irglicatnegative response to roads and a
positive correlation with distance from roads (Klat al. 1993, Gibbs 1998). A road
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juxtaposition grid was developed for use in modgtimese species’ distributions. USGS
1:100,000-scale roads were appended into a seactessage for the project area, all
road classes except for class 5 (trails) were sleand converted to a 30-m grid, and the
EUCDISTANCE command was used in GRID to creata@agpicting road proximity.
The value for each cell in this grid representsdiséance of the cell from the nearest
hard-surfaced road.

2.2.3.8 Forest Juxtaposition

There are many animal species that can be fouoden, non-forested habitats during
some part of their life cycle or while meeting solife history requirement, but are
generally found in close proximity to forest angbeled on forest habitats for meeting
some of their needs. For these species, a farestgosition modeling grid was created.
This grid was initially created with mole salamarsd@ mind. These salamanders,
belonging to the genusmbystomarequire upland forest habitat during the non-ieg
portions of their life cycles, when they spend nadgheir time in underground burrows,
under logs, and in moist leaf duff. They generediguire relatively closed canopy
conditions, high ground-level moisture, and thespree of leaf duff and coarse woody
debris in various stages of decomposition.

Because different forest associations exhibit tlobseacteristics to different degrees
(e.g., northern oak vs. coastal plain pine), thet Btep in developing this modeling layer
involved creating a system for ranking differentefst types for their ability to satisfy the
requirements of these salamanders. A table wasl@®d for ranking all woody habitats
based on four characteristics: 1) canopy closyrep@rse woody debris, 3) leaf duff, 4)
moisture (see Table 2.4). These rankings wereestibg, but considered necessary since
some woody habitats meet the non-breeding haleitptirements of these species better
than others. Woody habitats received scores bet@emd 100, with 100 representing
optimal forest conditions. Non-woody habitats wassigned a value of 0. The Habitat
grid was then reclassified, according to this raglsystem. Because a broad range of
conditions may be aggregated into a particularthabipe, none of the woody habitats
received an optimal ranking, although this aspéth® modeling may need revisiting.

Table 2.4: System for Ranking Salamander Non-Breedg Habitat

Note that all herbaceous and anthropogenic halfitétis the exception of PLANTATION and
CLEARCUT) were assumed to have no value as nordbrgénabitat for the subset of species for which
this habitat modeling variable was developed (mmle salamanders, other forest-dependent amphibian
Although this is a very subjective ranking procésssed on habitat descriptions, it is still preliégao
treating all woody habitats as equally good, im&nf meeting the non-breeding habitat needs skthe
species. Some summer draw-down and/or microtopbgraliversity in wetlands is assumed, and ranking
considers a range of conditions lumped into eadlitdiaype.

HT_CODE HABITAT TYPE CWD DUFF MOIST CANOPY AVG
UF.BOCO BOREAL CONIFER 50 25 50 50 44
UF.BOHA BOREAL HARDWOOD 75 75 50 50 63
UF.BOMI BOREAL MIXED HARDWOOD-CONIFER 75 50 50 75 63
UF.NOCO NORTHERN CONIFER 50 25 50 75 50
UF.NOOK NORTHERN OAK 100 75 50 100 81
UF.NOOC NORTHERN OAK-CONIFER 100 50 50 100 75
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HT_CODE
UF.NOHA
UF.NOMX
UF.MIME
UF.APCO
UF.PIBA
UF.OKHK
UF.MAOP
UF.LEMH
UF.CPPI
UF.CPPO
UF.HEWL
UF.MEWL
UF.MTFW
WF.BOFO
WF.BOSP
WF.NCSP
WF.NHSP
WF.AWCS
WF.CYSP
WF.BHSP
WF.DSPH
WF.CPPF
WF.OKSP
WF.PHSP
WF.NORI
US.ABHT
US.KRUM
US.MHTB
US.SSOF
US.MSOF
US.PBSC
US.DMTS
WS.NBBO
WS.NBFE
WS.SMSS
WS.MWTS
WS.WVPO
WS.SSSP
WS.FSSP
WS.RITS
AN.APLA
AN.ARCL

HABITAT TYPE
NORTHERN HARDWOOD

NORTHERN MIXED HARDWOOD-CONIFER

MIXED MESOPHYTIC
APPALACHIAN COVE HARDWOOD
PINE BARREN
OAK-HICKORY
MID-ATLANTIC OAK-PINE
LOW ELEVATION MESIC HARDWOOD
COASTAL PLAIN PINE
COASTAL PLAIN PINE-OAK
HIGH-ELEVATION WOODLAND
MID-TO LOW-ELEVATION WOODLAND
MARITIME FOREST/WOODLAND
BOG FOREST
BOREAL SWAMP
NORTHERN CONIFEROUS SWAMP
NORTHERN HARDWOOD SWAMP
ATLANTIC WHITE-CEDAR SWAMP
BALDCYPRESS SWAMP
BOTTOMLAND HARDWOOD SWAMP
DEEP SWAMP HARDWOOD
COASTAL PLAIN PINE FLATWOOD
MIXED OAK SWAMP

COASTAL PLAIN PINE-HARDWOOD SWAMP

NORTHERN RIPARIAN
ALPINE/BOREAL HEATH
KRUMMHOLZ
MONTANE HEATH THICKET/BALD
SHRUB/SAPLING OLD FIELD
MID-SUCCESSIONAL OLD FIELD
PINE BARREN SCRUB
DUNE / MARITIME THICKET / SHRUB
NORTHERN/BOREAL BOG
NORTHERN/BOREAL FEN
SALT MARSH SCRUB
MARITIME WET THICKET/SHRUB
WOODY VERNAL POOL
SATURATED SHRUB SWAMP
FLOODED SHRUB SWAMP
RIPARIAN THICKET/SHRUB
AGRICULTURAL PLANTATION
AGR. REGENERATING CLEARCUT

100
75
100
100
50
100
75
100
50
75
50
50
25
25
50
50
75
50
75
75
75
50
75
50
75
0
25
0
25
50
25
0
25
25
25
25
50
25
50
25
25
50

75
50
75
75
25
75
50
100
25
50
25
50
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
50
25
0
25
25
0
25
50
25
25
25
0
50

CWD = RELATIVE AMOUNT OF COARSE WOODY DEBRIS IN HAHAT

DUFF = RELATIVE AMOUNT OF DECIDUOUS LEAF DUFF ACCUMLATION

CWD DUFF MOIST

50
75
75
75
25
50
50
75
50
75
0
25
25
75
75
75
75
75
50
75
50
75
75
75
75
25
25
25
25
25
0
0
50
50
25
50
75
75
50
75
25
25

CANOPY

100
100
100
100
50
100
75
100
75
100
50
50
50
50
50
50
75
50
50
75
50
50
75
75
75
25
25
25
25
50
25
25
25
25
25
25
50
25
25
25
50
25

MOIST = RELATIVE MOISTURE AT GROUND LEVEL (MOIST, BT NOT WET, OPTIMAL)
CANOPY = RELATIVE AMOUNT OF CANOPY / SHADE

AVG = AVERAGE RATING (CWD + DUFF + MOIST + CANOPY) 4
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AVG

81
75
88
88
38
81
63
94
50
75
31
44
31
44
50
50
63
50
50
63
50
50
63
56
63
19
25
19
25
44
19
6
31
31
19
31
56
38
38
38
25
38



A FOCALMEAN process was then applied to the recfeexbHabitat grid. This process
assigned to each cell a value representing thegeeralue for all cells within a 240-
meter (8-cell), circular neighborhood. This radivss a compromise between the
terrestrial life zone (zone surrounding amphibiagelking habitat such as a vernal pool)
requirement recommended by Semlitsch (1998) andftka-cited, more generous
upland forest buffer requirement of 250 metersteNbat the Semlitsch recommendation
of a 164-meter buffer zone is expected to encom@a&sof vernal pool-breeding
amphibians, but was thought to be an underestifoat®me species (e.g., eastern newt,
Notophthalmus viridescensin the modeling, this forest juxtaposition gcauses a
vernal pool in the middle of a farm field to gdbaver suitability ranking than that of a
vernal pool in the middle of a hardwood forest.

Although this grid was developed primarily for usenodeling the habitats and
distributions of vernal pool-breeding salamandiémsas included in the models of
several other species that use non-forested habitétare generally found in close
proximity to forests. For these species, the toagrd certain forest types was taken into
consideration, and this modeling variable was appately weighted in the modeling
equation such that this bias would not have anpr@piate influence on the final results.

2.2.3.9 Special Habitat Features

In addition to demonstrating an affinity for certglant communities, land form
characteristics that influence these communitied,jaxtaposition of habitats, there are
also special habitat features that many animalieperse or require. Some of these
features cannot be included in landscape-scale imzy@.g., nest cavities or boxes),
while others can be mapped at such scales if datavailable. Of the many special
habitat features identified, only five were incldda the final modeling: 1) island, 2)
cave, 3) outcrop, 4) cliff, and 5) dam/bridge. fheere other special habitat features
that were considered important and mappable, inojushale barrens and vertical stream
banks (for bank swallow colonies), but data cowdtibe obtained in time for inclusion in
the modeling. Four buffer distances, 100 m, 2 krkin, and 15 km, were chosen to
cover the range of distances found in the litemafar species that use these features.

2.2.3.9.1 Island

The Island special habitat feature is importantcfionial-nesting herons, egrets, gulls
and terns, which often nest most successfully kamas where human disturbance and
predation are minimized. An Island data set waated by the Maryland Department of
Natural Resources (MDDNR), but it covered only kii@ryland portion of the three-state
project area. This data set was created from Naitid/etlands Inventory data and
personal knowledge. Vegetated wetland and uplahgpns surrounded by water were
selected to create this data set. Additional ddamere similarly selected for Delaware
and New Jersey.

2.2.3.9.2 Cave

A Caves (and mines) point coverage was providedlDIPNR, Wildlife and Heritage
Division, along with criteria for evaluating theibility of each cave for meeting the
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habitat requirements of bat species that depentese special features. MDDNR also
obtained New Jersey cave data, and added theds pmie data set. Not all caves in
the point coverage were considered suitable habitapecies that use caves. The
database associated with the point coverage indladenment fields and other fields that
evaluated caves in terms of elevation, mineral {gpg., limestone, marble, sandstone,
dolomite, shale, etc.), access (i.e., does the lsave an opening to allow wildlife
access), length (e.qg., cave length is positivelyetated with bat use), air flow (indicates
two or more entrances, complexity, chimney effeats] generally required for bat use),
and known bat use. Cave suitability variables vibged on Raesly and Gates (1987)
and Navo (1994).

The variables and the scores given for each variatd shown in table 2.5. The scores
were tallied for each cave to select a final subsetives to be buffered and used in the
habitat modeling for bats and other cave-depersj@ties. The highest possible score
was 10, and the score was divided by 10 to obtaindex.

Table 2.5: Variables used in evaluating suitabilityof caves for bat use

VARIABLE SCORE
Passage Length <100’ 1
100-700’ 2
700-1100’ 3
1100-2400’ 4
> 2400’ 5
Mineral Type Soft Rock 1
Hard Rock 2
Air Flow Yes 1
No 0
Known Bat Use Yes 2
No 0

The final subset of caves included in the Specaitat Features layer included only
those caves with a suitability index of >= 0.5,imaine exception -- a cave having a score
of 0.4 that has water, supports a salamander piquland is rich in invertebrate fauna
(note that the cave buffer component of the Spétadlitat Features layer was also used
in modeling the habitats of a few salamander spdbiat are associated with caves).

2.2.3.9.3 Outcrop

Outcrop data were not available, so all caves ainésnincluding those that did not meet
the cave criteria, are included in this coveragenghough some may not have
corresponding outcrops. Most of the species agtatiwith outcrops are responding
more to the presence of subterranean habitatsias=sbavith these outcrops than they are
to the surface of the outcrop. The assumptiohaswhere there are caves or mines,
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there are also likely to be rock outcrop formatiohwever, it is recognized that the
caves data set is a poor substitute for an accacataunting of outcrops and that this
surrogate includes only a subset of outcrops fonrkde project area.

2.2.3.9.4 CIiff

Initially, no cliff data were available, so an aysma$ was undertaken to compare known
cliff locations with slope data. It was determirtbdt all known cliffs (e.g., those named
on topographic maps) were associated with slopekl®86 in the NED-derived slope
data. Grid cells associated with slopes < 110%eweclassified to nodata, and the
remaining grid cells were reclassified to zerogrgate a preliminary cliff layer, which
became the final cliff layer for New Jersey. A qmarison of this final data set with
known cliff locations along the Hudson River anghepDelaware River indicates a
reasonably accurate result. Cliff data for wesManyland became available later in the
project, through the Ecological Land Unit (ELU) @kt created by The Nature
Conservancy. ELUs are unique combinations of threeary factors (elevation,
lithology, landform), that are important to thetdisution and abundance of ecological
communities in an ecoregion. A 90-m Digital ElesatModel was used in combination
with a bedrock lithology coverage to derive thevateon zone, landforms, and geology
classes used to model ELUs. The final cliff lafggrwestern Maryland was derived from
the Central Appalachian ELU data set.

2.2.3.9.5 Dam/Bridge

This component of the Special Habitat Features hays originally intended to include
both dams and bridges, but ultimately included dmigiges. It was created by
intersecting roads with streams and open water @& NWI). Although, in many
instances, bridges are not present at stream ngssgie., instead there may only be a
small culvert, if the stream is small), this was tmly approach available at the time to
create a bridge feature layer for modeling the tédbof bird species that are known to
nest under or on bridge structures, over strearopen water (e.g., peregrine falcon, cliff
swallow, barn swallow). Overpasses and underpagsesalso extracted from the
1:100,000-scale Digital Line Graph transportatiatedset, using minor codes identifying
these features, but these data, which may haveiragrmodeling for certain avian
species (e.g., rock dove), were excluded fromitied Dam/Bridge data set. Because of
the problems with this component of the SHF modglayer, it was not used much in the
modeling.

The first step in developing this component of 84+ modeling layer was to intersect
1:100,000-scale transportation DLG data with 1:200;scale hydrography DLG data
and National Wetlands Inventory open water polygoRise intersecting road segments
were then “reselected” into a new line coverage.

2.2.3.9.6 Combining Special Habitat Features

Once all of the individual Special Habitat Featgnels were created, they were either
buffered and converted to grids (e.g., point and toverages), or they were first
converted to grids and EUCDISTANCE was run in GRH® results being four separate
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grids for each feature type, each having a bufgadce (100 m, 2 km, 7 km, 15 km)
considered relevant to a particular species orguofispecies. The final SHF modeling
layers were created by combining the individual ponent grids into four binary-coded
"hypergrids,” one for each buffer distance, suét the placement of the character in the
binary code denotes the feature type.

Although there are intermediate buffer distancas$ Would be more appropriate for
certain species, an attempt was made to limit timeler of grids for simplicity's sake.
Another option that was considered would have wedlcreating separate modeling
grids for each feature type, and then running EUSIIANCE just once for each feature
type without specifying an upper limit on distanakowing for the selection of any

buffer distance based on individual species’ resjugnts. However, because the original
concept for this SHF layer involved a large numidatifferent feature types, this would
have meant a much larger number of modeling gadtetl with, compared to the final
set of four hypergrids.

2.2.4 Wildlife Habitat Relationships

2.2.4.1 MDN-GAP Species List

The list of species for which wildlife habitat retaaships models were developed
includes only those species that regularly breediwthe project area. The Delaware
Bay hosts one of the largest concentrations of aiigg shorebirds in the Western
Hemisphere (Senner and Howe 1984, Myers et al.)188d the wetlands associated
with this bay and the Chesapeake Bay host largeerdrations of migrating waterfowl.
Many songbirds and raptors also pass through eélgi®m during migration. Various
efforts are currently aimed at conserving the siggireas that support these large
concentrations of migratory birds (e.g., Focus Aneader the Atlantic Coast Joint
Venture of the North American Waterfowl Managemlan, Mid-Winter Waterfowl
Survey, Partners In Flight, Twin Capes progranfdtirmigrations, Western Hemisphere
Shorebird Reserve Network designation of Delawarg & a Hemispheric Reserve,
Ramsar designation of Delaware Bay wetlands asan@sl of International Importance
for migratory birds, National Audubon Society’s igmtion of the Delaware Bay
shoreline as an Important Bird Area, Shorebird hed Committee under the Atlantic
States Marine Fisheries Commission, The Nature €waacy’s Delaware Bayshore
Project, and long-term shorebird population momigefforts in both Delaware and New
Jersey). Unfortunately, although MDN-GAP investgga initiated efforts to include
these important staging areas in the Gap Analysmslequate project resources prevented
the completion of this component of the projecheiefore, users of the final MDN-GAP
data sets should be aware of this omission, andlgltonsider the results of this project
as complementary to these other efforts when asgdswdiversity conservation
priorities.

Within the three-state project area, there arerdhgbian species, 47 reptile species, 69

mammal species, and 206 regularly-nesting birdispeclhese taxonomic groups
combine for a total of 363 animal species for whigldllife habitat relationships models

38



and distribution maps were developed. Regularbuotng non-native species were
included in this total.

2.2.4.2 Development of Wildlife Habitat Relationsips Models

Development of the Wildlife Habitat Relationship®déls (WHRM) began with a
compilation of habitat requirements informationnfravailable literature. A list of the
most frequently referenced sources is providedppehdix F. In addition to these
sources, many species-specific studies were alstedt A summary document of
habitat requirements was created for each spemeésthat document was then referred to
in filling out a standard form which was used fanking each of the 103 habitats, in
terms of suitability (unsuitable, marginal, suilhighly suitable, optimal) for the
particular species, as well as for providing nucarsummaries of relationships with
other modeling variables (e.g., relationship tolarets, elevation, slope, aspect, special
habitat features, etc.). A sample of one of trent developed for the compilation of
habitat requirements, the one used for birds,asvehn Appendix G. Separate forms
were developed for each taxonomic group (birds, mals, reptiles, amphibians).

Habitats were given suitability rankings from 14townith marginal habitats being
assigned a value of 1, suitable habitats a valig bighly suitable (or preferred) habitats
a value of 3, and optimal habitats assigned a wafide In determining habitat suitability
based on associations described in the literatem@s such as “uses” or “is found in”
were interpreted as indicating that a habitat istéble” (value = 2). Terms such as
“favors” or “prefers” were interpreted as indicafithat a habitat is “highly suitable”
(value = 3). Terms such as “occasionally usesevirgterpreted as indicating “marginal”
habitat (value = 1). The value of 4 was resereeddre cases where a habitat was
considered “optimal.” In many cases, a suitabiiggking may have been based more on
the number of times that a habitat associationmeastioned in the literature. If a
particular habitat was not specifically mentionednbderred through habitat descriptions,
the suitability of that habitat was determined lblase the shared characteristics of
habitats that were described.

Once the habitat summary form was filled out, tbmarical rankings and weightings
were entered into the wildlife habitat relationghipbles. These tables, and the range
data tables, were stored in a Structured Query lageg (SQL) relational database. For
each taxonomic group (birds, mammals, reptiles,habigns), a separate table was
created for each of the modeling variables desdribeection 2.2.3. A modeling control
table was also created for each group. This tadoMrolled which modeling variables
were used for each species, and the relative weigkdch variable. The database was
initially developed in Oracle v. 8.03, and was s&dagently exported to Microsoft Access.
It is currently maintained in MS Access 2002. Tatabase tables which were used in
the species habitat and distribution modeling isted in Table 2.6.
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Table 2.6. Database Tables Used in Modeling Spexidabitat Relationships and

Distritbutions

RANGE TABLES

DESCRIPTION

RAN_CONT

Controls which of three range mapping apphes is used:
1) BRC data, 2) EST (estimated) range, with added
hexagons, 3) QUAD data (primarily for Rare, Threatd or
Endangered species)

AM_HEX, AV_HEX,
MA_HEX, RE_HEX

For each taxonomic group, this table controls which
hexagons are included in species’ ranges, basédtkon
Biodiversity Research Consortium (BRC) data set

AM_RAN, AV_RAN,
MA_RAN, RE_RAN

Table controlling which hexagons are included iacsgs’
estimated (EST) ranges (BRC hexagons plus othexguoers
added based on expert review)

AM_QUAD, AV_QUAD,
MA_QUAD, RE_QUAD

Table controlling which 7.5-minute quadrangles are
included in species’ ranges (primarily for Rarerédtened,
or Endangered species)

HABITAT
RELATIONSHIPS
TABLES

DESCRIPTION

AM_CONT, AV_CONT,
MA_CONT, RE_CONT

Table controlling which modeling variables (e.cabhat
type, wetland buffer, aspect) are included in espgTies’
model, and also includes relative weightings fathea
variable

AM_EQ, AV_EQ,
MA_EQ, RE_EQ

For each taxonomic group, this table stores theetogl
equation for each species; modeling equationsiaméas to
those used in Habitat Suitability Index (HSI) moadg!

AM_HT, AV_HT,
MA_HT, RE_HT

Table containing species-Habitat Type (e.g., Oatkbty
Forest, Brackish Tidal Marsh) relationships dat (i
suitability rankings)

AM_WB, AV_WB,
MA WB, RE_WB

Table containing species-Wetland Buffer (i.e., pmaky)
relationships data for each taxon

AM_FAD, AV_FAD,
MA_FAD, RE_FAD

Table containing forest fragmentation metric (Areatch
Isolation, Riparian Forest Width) relationship détaForest
Area Dependent (FAD) species (note that currehyd are
no data for reptiles)

AM_OPN, AV_OPN,
MA_OPN, RE_OPN

Table containing species-Open habitat (i.e., EGgassland
Area) relationships data for each taxon

AM_LF, AV_LF,
MA LF, RE_LF

Table containing species-Land Form (i.e., Elevati®lope,
Aspect) relationships data for each taxon

AM_JUX, AV_JUX,
MA JUX, RE_JUX

Table containing species-habitat Juxtaposition, (iceroads,
to forest) relationships data for each taxon

AM_SHF, AV_SHF,
MA SHF, RE_SHF

Table containing species-Special Habitat Featuwes, (
island, cliff, cave) relationships data for eackota
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2.2.5 Distribution Modeling

SQL scripts which access the database were embaudedView (v. 3.2) Avenue
scripts, in a customized ArcView project hereirered¢d to as the Species Conservation
and Modeling (SCM) software (Gorham 1999). Opetabase Connectivity drivers
provide the link between ArcView and the database.

The SCM software allows a user to run models orgetime or in batches, and the user
can also specify which range-mapping approachépaswell as which modeling
variables to include in the modeling equation. édthise, the SCM software defaults to
the range approach and modeling variables spedcifidte control tables. There is also
an option to extend a species distribution beyamgie boundaries within suitable habitat
patches. This is facilitated by the REGIONGROURp@and which assigns a unique
value to each suitable habitat patch. All suitdiabitat patches that have at least one cell
within the range unit boundaries are selectedeir #mtirety and copied to the final grid
representing the species’ predicted distributi®his option provides a more natural-
looking distribution, but was used conservativelyavoid overestimating species’
distributions. In addition, this option resultedgreatly increased processing time for
some species’ models, in some cases taking lohgara week for a single model.

The basic modeling process involved the followiteps, controlled by Avenue scripts
within the SCM software:

1) control tables queried for specified range apprd&C, EST, QUAD), and
appropriate habitat variables and associated waght

2) query results written to a habitat suitability indaodeling equation which
includes relative weightings, from control table;, €ach variable

3) modeling equation drives query of tables correspandith selected variables for
habitat suitability rankings assigned to differelsisses or ranges for each variable

4) query results drive selection of raster cells frgsociated modeling variable
grids, and reclassification of those cells basedwtability rankings

5) reclassified raster grid cells from the selectadsyfappropriate variables) are
multiplied by weightings (variable’s relative impance to species), taken from
the control table, and added together (driven bgehequation) to produce a final
grid with cell values being the product of weighduitability ranking

Below is the modeling equation for the black b&asus americanus

((0 * RANGE) + (1 * HABITAT) + (1 * (WETBUFF_1K) /1) + (1 * (LANDFORM_ASP +
LANDFORM_SLP) / 2) + (2 * (FADCOVERS_LAR) / 1) + (1(JUXTAPOSITION_RDS))) / 11
EXTEND RANGE

The resulting grid has a range of values fallingvMeen 0 and 100. The final step
involves running an ARC/INFO AML which selects sallith values above a
standard suitability threshold (generally above 8fjich are then reclassified to 1,
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with all other cells (below threshold) reclassiftedd. For some species, custom
thresholds were set based on expert review.

2.3 Results
2.3.1 Birds

The degree of sophistication and accuracy in thehmbitat modeling varied greatly,
depending on the species and the habitat varitid¢snfluence the species’ habitat. For
some species, GIS coverages representing impdraditat variables were not available.
For example, a stream-bank coverage would havelgregproved the modeling for the
bank swallow Riparia riparia). Because such a coverage was not availablentoe!

for this species is considered to be of relatiyagr quality. The same can be said for
the purple martinrogne subiswhich relies more on human-provided nest-gourds o
houses than on natural cavities which were histlyiemportant. Habitat structure
appears to be very important for many bird speanedyding those that are most
commonly associated with mature or old-growth fgresthose that require an open
canopy with a well-developed shrub layer. Althoagsmall pilot project was undertaken
in the project area to map structure along trassesing Light Detection and Ranging
(LIDAR) technology, a comprehensive data set wdsamailable for the project area.

For herons and egrets, island features were bdftemeed on known foraging distances
from rookeries. However, there is often a direwlccomponent to these forays and, as
such, distributions were overestimated for somthe$e species. Results were much
better for other groups of species. For examptgeat deal of information is available
regarding forest patch size and isolation requirgmef fragmentation-sensitive species
like the cerulean warblebgndroica cerulep GIS layers representing a few of these
metrics were created and incorporated into moddbnghese species, greatly improving
model accuracy. Likewise, area requirements infdion was available for a group of
grassland-nesting birds, allowing for the inclusafrarea metrics in modeling for these
species as well. Availability of National Wetlandsentory data for the entire project
area greatly improved model accuracy for many wetdependent species. Elevation
thresholds were found in the literature for sevbmal species, and the use of elevation
data in these models greatly improved resultsHesé species.

Habitat models and distribution maps were develdped total of 206 bird species,
including a few exotic species. These included timbse species that nest regularly
within the project area. Earlier objectives in&@ddmapping of important over-wintering
and migratory staging areas, but resource limmatiorecluded this. An example of a
bird species distribution map is shown in Figu@ Zhe yellow hexagons represent the
species’ range or distributional limits, and thegerata represents suitable habitats within
the range.
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2.3.2 Mammals

Detailed soils mapping might have improved modeforgseveral mammal species. The
State Soil Geographic Data Base (STATSGO) and &#eddGIS coverage was
available, but this level of soils mapping provede too generalized. Several small
mammal species (e.g., moles, shrews) are knowawe $oil type preferences, and their
distributions might have been more accurately nexdtlabd detailed soils data been
available. There are also some small mammal spadiech exhibit strong preferences
for certain geologic formations (e.g., rock valicrotus chrotorrhinu}, and their
modeling might have been improved by the inclugiba geologic formation map
overlay. Rock outcroppings, for example, appedretamportant to several species. A
caves data set was available, and this coverageseasas a surrogate for rock outcrops,
but it was likely a poor substitute for a more coely@nsive outcrops overlay. A subset
of these caves was selected based on criteriat@amnportant to bats, and use of this
data layer likely improved model results for caweetling bat species. In general, model
accuracy is good for those species that are must associated with wetlands or riparian
areas. In addition, forest fragmentation and fgregaposition layers were incorporated
into several models (e.g., fishdfartes pennanti black bearUrsus americanus
American beaverCastor canadensjdobcat L ynx rufus woodland voleMicrotus
pinetorum woodland jumping mousé&lapaeozapus insignidlew England cottontail,
Sylvilagus transitionalisforest bats; shrews; squirrels), improving maataduracy for
many of these species.

Habitat models and distribution maps were develdped total of 69 mammal species,
including a handful of exotic species. An exangdla mammal species distribution map
is shown in Figure 2.10.

2.3.3 Reptiles

With the exception of wetland-dependent specigsiles as a group seemed to be the
least specialized in their habitat requirementd, therefore possibly the most difficult
group for which to develop accurate models. Addmthis difficulty is the use by many
species of microhabitat features that are notyeaslpped, such as cover objects, debris
piles, and basking sites. However, many in thaaigrare considered “edge” species, and
the creation and use of an Edge layer greatly ingatanodel results for these species and
many in other taxonomic groups.

Habitat models and distribution maps were develdped total of 47 reptile species. An
example of a reptile species distribution map ®aghin Figure 2.11.
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2.3.4 Amphibians

As with some mammal species, detailed soils mappmgd have improved model
results for certain amphibian species (e.g., toa@®ology is also important to some
amphibian species. For example, shale banks wentioned for a small number of
salamander species, including slimy salaman@etijodon glutinosysand longtail
salamanderHurycea longicauda A geology data set, with above-ground features
identified, was not available for inclusion in méidg. A forest juxtaposition layer was
developed for species which breed in wetlands aqdire adjacent upland forest habitat
for the remainder of their life cycle. The inclosiof this variable in the modeling greatly
improved results for vernal pool-breeding amphibian

Habitat models and distribution maps were develdped total of 41 amphibian species.
An example of an amphibian species distribution maghown in Figure 2.12.
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2.4 Species Richness

GAP has often been associated with the mappingexfiss-rich areas or "hotspots."
Richness maps identify where species co-occurdrséime geographic locations (in the
case of our data, where numbers of animal spemesiapped for the same grid cells.)
These are color coded or shaded in intensity flmerhighest numbers of co-occurrence
(richness), to the lowest. While we continue tdqren this useful pattern analysis, it is
only one of many that may be conducted using th&. d&Richest areas may or may not
indicate best conservation opportunities. They owour in already protected areas or
may represent mostly already protected specidsosetnot at risk. Still, they are often a
useful starting point to examine conservation oppuoties in combination with other
analyses described in this report's Introductiathiarthe Analysis section. We also feel
they may be useful for other rewarding applicatisnsh as identifying places of interest
for wildlife observation and study.

2.4.1 Bird Species Richness

No particular area stands out significantly in teroh bird species richness, but the areas
of highest richness for this taxonomic group appeaorrespond with heavily forested
regions (Figure 2.13).

2.4.2 Rare Bird Species Richness

Although one of the stated objectives of the Gaplgsis Program is to prevent common
species from becoming rare, the mid-Atlantic reqabeady has a long history of human
impacts, and wildlife species that are considemedmon, most of them associated with
edge habitats, are likely to remain common. Oétgeinterest in the mid-Atlantic are
the many rare and declining species that are agsdoith its relatively few remaining
natural areas. Therefore, in addition to lookihtpgal species richness and richness by
taxonomic group, it seems appropriate to identigaa that are hotspots for rare species.
Tables listing these species by taxonomic groupessented in Appendix HMany

areas within Maryland, Delaware and New Jerseydstan in terms of richness of rare
bird species (Figure 2.14).orested areas in the mountains of western Maryland
especially those of Savage River State Foresttamdparian forests along the
Youghiogheny River near the West Virginia bordag(ffe 2.15), appear to be important
for rare bird species. South of Washington, D&, riparian corridors of Mattawoman
Creek and Zekiah Swamp Run are relatively higlame bird species richness, and to the
northeast of Washington, the riparian forests efRlatuxent River are important.
Looking farther east, toward Annapolis, Marylaritk tiparian forests along the North
River, Bacon Ridge Branch and Broad Creek tribataaf the South River appear to be
hotspots. There also appear to be some impoifartan forests along tributaries of the
Susquehanna River, including Conowingo Creek. hEosbuth of this river, forested
hotspots also occur along Grays Run and the headsvat Romney Creek within the
Aberdeen Proving Ground Military Reservation.
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On the Eastern Shore of Maryland, the forested sygavhthe Pocomoke River and its
tributaries also appear to be important, as dozdldnticoke River corridor near the
Delaware border. While there don’t appear to bayrsagnificant hotspots for rare bird
species in Delaware, the Great Cypress Swamp isriamt, and the brackish marshes of
Kelly Island appear to be important. In New Jeyrsmyspots for rare bird species appear
to include swamps and mesic forests just southetdward G. Bevan Wildlife
Management Area (WMA), and similar habitats in Beaver Swamp WMA and along
the headwater areas of the Rancocas Creek. Tuf@flams within the Forsythe National
Wildlife Refuge and Absecon WMA provide importantdging habitat to a large number
of rare bird species. By far, the most significhotspots for rare bird species within the
project area are found in the Kittatinny Mountaamsl Highlands of northern New Jersey.
These forested hotspots not only cover large abedsghey also support the largest
numbers of rare bird species within the projechar€o the south of these hotspots, the
Great Swamp NWR is also important. Although mabyious hotspots are mentioned
above, there are several others that are not nmetioFor the most part, habitats
supporting the largest numbers of rare bird speosade expansive hardwood and
mixed riparian and palustrine forests.

2.4.3 Mammal Species Richness

The Piedmont and mountainous areas of the projeatappear to support the largest
numbers of mammal species, particularly along steeand rivers, and especially in the
forested riparian corridors of the western Marylpadhandle (Figure 2.16).

2.4.4 Rare Mammal Species Richness

No part of the project area stands out as conspgiyas the afore-mentioned forested
riparian areas of the western Maryland panhandietwlby far, appear to support the
greatest number of rare mammal specMsst of the obvious riparian forest hotspots are
associated with the main-stems and tributariee®fvtoughiogheny, North Branch
Potomac, and Savage Rivers (Figure 2.17). WitenSavage River State Forest, there
are also hotspots associated with the Casselmasr B its tributaries. To a lesser
extent, the Highlands and Kittatinny Mountain Prmas of northern New Jersey also
appear to be important.
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2.4.5 Reptile Species Richness

Among the areas of apparent reptile species richmestions of the Potomac River
corridor in western Maryland look important, asadber areas along this river northwest
of Washington, D.C(Figure 2.18). In general, many Potomac Riveutabies in the
vicinity of Washington appear to be important, utthg the headwaters of Mattawoman
and Piscataway Creeks, and Zekiah Swamp Run, teotlid of the city. Farther south,
St. Marys County as a whole appears to be relgtiogbortant. To the northeast of
Washington, headwaters and tributaries of sevamails; including the Patuxent, Severn,
South and Patapsco, appear to be high in rep#leisprichness. On the Eastern Shore
of Maryland, areas high in reptile species richneskide tributaries of the Nanticoke
River, headwaters of the Wicomico River, and tharsyws of the Pocomoke River and its
tributaries. To a lesser extent, in New Jersey Rime Barrens also appear to be
important to reptiles.

2.4.6 Rare Reptile Species Richness

Most of the areas listed above stand out even ragFeégure 2.19), in terms of richness
of rare reptile species, with the New Jersey Piagdhs, in particular, appearing to be a
very significant hotspot.

2.4.7 Amphibian Species Richness

Riparian areas of western Maryland appear to supg@e numbers of amphibian
species, as do parts of the Potomac River coraddrits tributaries near Washington,
D.C. (Figure 2.20).Among these tributaries are the previously-mentiodattawoman
and Piscataway Creeks, and Zekiah Swamp Run. f Mlese stream corridors are
heavily-forested with swamp inclusions. Anothectstiotspot, also previously
mentioned, is the upper Patuxent River Corriddne RAberdeen Proving Ground Military
Reservation, which includes forested and swampgaters of Romney Creek, is very
prominent as a potential hotspot. Also quite cansjus is an area spanning the
Maryland-Delaware border, the focus of recent corag®n efforts, known as the
Blackbird-Millington Corridor, which hosts the lagt concentration of Coastal Plain
Ponds (AKA vernal pools) in the project area. Poeomoke River area in southern
Maryland, with its extensive swamp lands, also app# be significant, but to a lesser
extent. In New Jersey, many areas stand out,dmdtheadwater areas of the western
Pine Barrens, an area known as Mannington Meadomgdhe Salem River and, most
conspicuous, the riparian forests and wetlandeeKittatinny and Highland Provinces.
Also prominent is the Great Swamp National WildiRefuge of the north-central
Piedmont.
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2.4.8 Rare Amphibian Species Richness

No area is more conspicuous for its apparent cdret@n of rare amphibian species than
the Blackbird-Millington corridor along the MaryldfDelaware border, with its high
concentration of Coastal Plain Ponds (Figure 2.21)ess significant-looking hotspot on
Delmarva is the Nassawango Creek corridor whicmeots with the Pocomoke River
corridor. In western Maryland, the Youghioghenyd&iappears to support a large
number of rare amphibian species, and to a lessente other important areas include
some of the previously-mentioned riparian corrigstgh as those of the Patuxent River
and Mattawoman Creek. The Aberdeen Proving Gralsa appears to support a
significant number of rare amphibian species. éwNersey, predicted rare amphibian
hotspots include the Tuckahoe Wildlife Managemergad AKA Griscom Swamp), the
headwaters of some Dennis Creek tributaries, tley@&eSwamp Wildlife Management
Area in northern Cape May County, swampy areasgafloa upper Maurice River, and
riparian forests and wetlands of northern New Jerse

2.4.9 Vertebrate Species Richness — All Taxonomia@ips

Forested riparian corridors stand out the mosg¢iims of species richness when
considering all taxonomic groups together (Figug2® For example, the riparian
forests in the mountains of western Maryland armdh@on New Jersey include many
obvious hotspots. Other obvious hotspots inclh@gdrests along the Patuxent River to
the east of Washington, D.C., and the Great Swaatphal Wildlife Refuge in north-
central New Jersey. Otherwise, it's difficult tientify particular areas that are
exceptioinally high in overall vertebrate speciebmess. In general, overall richness
appears to correspond with forested areas, eslyealiahg headwater streams and in
other riparian situations.

2.4.10 Rare Vertebrate Species Richness

Among the apparent hotspots for rare vertebrateispef all taxonomic groups, are the
forests of western Maryland, especially along tleighiogheny River (Figure 2.23).
Other hotspots in this part of the project areduithe Savage River State Forest, forested
tributaries of the North Branch Potomac River, #r@riparian corridor along Georges
Creek. Within the Ridge and Valley and Blue Riggevinces, additional hotspots in
Maryland include Green Ridge State Forest, Indiarnng§s Wildlife Management Area,
South Mountain through which the Appalachian Tpai$ses, and Catoctin Mountain.
For the most part, hotspots in the Coastal PlathRiadmont Provinces pale in
comparison to those of the Appalachian Plateaug&aihd Valley, and Highlands
physiographic provinces of the project area.
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Within the Piedmont and Coastal Plain of the Wesg&itore of Maryland, other obvious
hotspots include the Grays Run riparian corridegdwaters of Romney Creek within the
Aberdeen Proving Ground Military Reservation, theests of Elk Neck, the Patuxent
River corridor, headwaters and tributaries of tbeesn, South and Rhode Rivers, the
forested riparian corridors of Piscataway and Medtaan Creeks, Zekiah Swamp Run,
and the headwaters of Breton Bay. On the DelmBeransula, hotspots include the
forests and swamps surrounding Blackwater Natigvildlife Refuge, portions of the
Nanticoke River corridor, Great Cypress Swamp, amast prominent on Delmarva, the
forests and swamps along the Pocomoke River amdltgaries.

In New Jersey, the Kittatinny Mountain and Highlarmrtovinces are the most obvious
hotspots for rare vertebrate species. Also impbdee the Great Swamp National
Wildlife Refuge, forested headwaters of RancocaeirMullica River, Great Egg
Harbor River and other riparian forests of the MBaerens, the tidal wetlands of the
Brigantine Division of Forsythe National WildlifedRuge and Absecon Wildlife
Management Area, forested swampland tributariédamftuxent Creek, Oranoaken
Creek, Dividing Creek and the Maurice River, Begsetamp WMA, and palustrine
forests of Bidwell and Dias Creeks.

There are other potential hotspots, many of thesrstoall to show up on small-scale
maps. For example, in the Piedmont Physiograptaeiffce of extreme northern
Delaware, the riparian forests of the Red Clay\afite Clay Creeks appear to be
hotspots for rare vertebrate species. While thexies richness assessment may be very
useful for identifying conservation priorities, esgally when the assessment focuses on
rare species, it should be reiterated that therebmaapecies that are not captured by this
type of assessment. For example, there are mampeach-nesting species that are not
captured in this assessment because their prefeestohg and foraging habitats support a
relatively low diversity of vertebrate species engral. A few GAP projects have
undertaken a complementarity analysis which detegmthe minimum number of sites
needed to conserve all species, although it doetke into account how much of an
individual species’ range or habitat is includedhiv the selected sites. This type of
assessment is generally thought to be beyond th@uting capabilities of most research
facilities. In the absence of this approach, fhecges-richness assessment is a good
complement to the actual gap analysis which assdémse well individual elements of
biodiversity are captured and managed for by thstieg network of protected areas.
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2.5 Accuracy Assessment

Assessing the accuracy of the predicted vertebliatebutions is subject to many of the
same problems as assessing land cover maps, assweehost of more serious challenges
related to both the behavioral aspects of speciédtee logistics of detecting them. These
are described further in the Background sectioth@®iGAP Handbook on the national
GAP home page. It is, however, necessary to prasotiee measure of confidence in the
results of the gap analysis for species collegtiviehot individually or by taxonomic
group (comparison to stewardship and managemens§itand to allow users to judge
the suitability of the distribution maps for theiwn uses. We, therefore, feel it is
important to provide users with a statement aboeiticcuracy of GAP-predicted
vertebrate distributions within the limitationsafailable resources and practicalities of
such an endeavor. We acknowledge that distributiaps are never finished products but
are continually updated as new information is gatheThis reflects not only an
improvement over the modeling process, but als@gp®ortunity to map true changes in
species distributions over time. However, we faal aissessing the accuracy of the
current maps provides useful information aboutrthediability to potential users.

Our goal was to produce maps that predict distiolbubdf terrestrial vertebrates and from
that, total species richness and species contémtaniaccuracy of 80% or higher. Failure
to achieve this accuracy indicates the need toedfie data sets and models used for
predicting distribution. There is a conscious dfforthe GAP process, however, to err on
the side of commission. In other words, to att@species as possibly present when they
are not. There are two primary reasons for doindist, few species have systematic,
unbiased known ranges and we believe science isée&d by identifying a greater
potential for sampling and investigation than asawaative approach that may miss such
opportunities; second, in conducting the analyboaservation representation (see the
Analysis section), we believe it most appropriatédentify a species that may need
additional conservation attention that is thentexflby further investigation rather than
identifying a species as sufficiently protected ikaliscovered not to be by its
subsequent loss.

The methods for validating and assessing the acgwfahe vertebrate distribution maps
are presented below along with the results.

2.5.1 Methods

Due to project resource limitations, outside expevtew was put on hold and, as of the
writing of this report, accuracy assessment haa begted to the minimum standards
which require a comparison between modeled spdgé&sbutions and existing

checklists from managed areas. This assessmaiv@tvintersecting managed area
boundaries with predicted species distributionspr@ing which species were predicted
to occur within those areas, and then comparinggtihecords with species checklists for
the corresponding managed areas. Bird checklists wbtained for eight national
wildlife refuges and four state parks. These ch&tskindicated seasonal occurrence and
whether or not a species was actually nesting withe refuge or park. Reptile and
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amphibian species checklists were obtained for hational wildlife refuges, and
mammal checklists were available for three of threfgges. The results of this
comparison, shown in Table 2if¢clude: 1) Matches, meaning the predicted distidou

is supported by the checklist data, 2) Errors ain@ussion, where a species is predicted
to occur in an area based on the modeling buttigwtuded in the corresponding
checklist, and 3) Errors of Omission, where thecgseis not predicted to occur within
the area but is included in the checklist. Thauemty assessment results for each
individual species are shown in Appendix .

2.5.2 Results

A total of 12 areas (Figure 2.24) were assesseddauracy, with birds being listed in 12,
mammals in only 3, amphibians in 4, and reptiled.irOf the 363 species modeled, 280
(77.1%) were included on at least one of the ch&tskl These included 178 birds
(86.4%), 44 mammals (63.8%), 33 reptiles (70.2%4l, 25 amphibians (61.0%). As
mentioned in the discussion below, no checkliststdar the mountainous region of
western Maryland. This information gap accountsri@any of the species that are not
included on any of the available checklists.

For birds, matches between checklists and modestdoditions exceeded 80% in only 5
of 12 areas, but exceeded 79% in 9 of the are#though this level of accuracy falls
short of the above-stated goal, a significant peexge of errors were questionable when
compared with Breeding Bird Atlas and Natural Hegé Program data sets. For
mammals, matches exceeded 80% in only 1 of 3 éweaich checklists exist, and
although some errors were questionable, this @l lof accuracy may reflect some of
the identified weaknesses in the mammal modeliag ¢ection 2.3.2).For reptiles,
matches exceeded 80% in 3 of 4 areas, with thesioraée being 78.8%.

For amphibians, matches exceeded 80% in only lanéds, and the lowest rate of
matches for any taxonomic group was recorded fqotalbrans within the Blackwater
National Wildlife Refuge. However, a number of tleeorded errors are questionable.
For example, the gray treefroigyla versicolo) was included on the checklist for this
refuge, but Cope’s gray treefragyla chrysosceliswas not included. These two species
are nearly indistinguishable and are often lumpeether undeH. versicolor White

and White (2002) state thit versicolorappears to be most common in the northern
portion of the Coastal Plain [of Delmarva], posgibbt occurring in the southern third of
the Peninsula, and. chrysoscelifias a more southern distribution on the Delmarva
Peninsula. Although the authors further state itinatte field study is required to better
define the Delmarva ranges of these 2 speciegitthversity Research Consortium
hexagon occurrence data used to model ranges tlidahade any “confirmed” or
“probable” records foH. versicolorin the area of this refuge, but did include a
“confirmed” record and a “probable” record fidr chrysoscelis.Therefore H.
chrysosceliss the more likely of the two species to occur witthirs refuge.
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Table 2.7. Accuracy Assessment by Management Area

Taxonomic
Group
Birds
Birds
Birds
Birds
Birds
Birds
Birds
Birds
Birds
Birds
Birds
Birds
Mammals
Mammals
Mammals
Amphibians
Amphibians
Amphibians
Amphibians
Reptiles
Reptiles
Reptiles
Reptiles

Management Area

Blackwater NWR
Bombay Hook NWR
Prime Hook NWR
Great Swamp NWR
Forsythe NWR
Eastern Neck NWR
Wallkill River NWR
Patuxent Res. Refuge
Brandywine Creek SP
Cape Henlopen SP
Trap Pond SP
Del. Seashore SP
Blackwater NWR
Bombay Hook NWR
Great Swamp NWR
Blackwater NWR
Bombay Hook NWR
Great Swamp NWR
Patuxent Res. Refuge
Blackwater NWR
Bombay Hook NWR
Great Swamp NWR
Patuxent Res. Refuge

Number
Assessed
for Area

140/ 206
122 /206
137 /206
133/206
147 /206
122 /206
146/ 206
123 /206
112 /206
122 /206
112 /206
123 /206
42169
39/69
44169
23/41
19/41
24 /41
23/41
31/47
24 | 47
24 | 47
331/47

Number
Matches
117
102
113
106
104
97
118
102
89
84
89
91
31
34
30
14
14
17
21
25
21
20
26
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%
Matches
83.57
83.61
82.48
79.70
70.75
79.51
80.82
82.93
79.46
68.85
79.46
73.98
73.81
87.18
68.18
60.87
73.68
70.83
91.30
80.65
87.50
83.33
78.79

Number

Commission Commission

Errors
13
13
16
24
38
14
24
19
22
37
23
32
11

5

=
N

O W W h NN OO

%

Errors
9.29
10.66
11.68
18.05
25.85
11.48
16.44
15.45
19.64
30.33
20.54
26.02
26.19
12.82
27.27
21.74
26.32
29.17
8.70
12.90
12.50
12.50
18.18

Number
Omission
Errors

10
7
8
3

o
gy

P P ODMNOOOPMNMNMOOOOERLEDNIS

% Omission
Errors
7.14
5.74
5.84
2.26
3.40
9.02
2.74
1.63
0.89
0.82
0.00
0.00
0.00
0.00
455
17.39
0.00
0.00
0.00
6.45
0.00
417
3.03
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Assuming this is the case, two of the errors fcg Hnea are false. These were not the
only questionable errors. Nevertheless, thereagge be significant room for
improvement in the modeling for amphibians.

2.6 Limitations and Discussion

Wildlife habitat modeling is an imperfect scienaad is largely dependent upon the
accuracy of model inputs. The model results priesehere should be viewed as testable
hypotheses, and while MDN-GAP investigators attedppb produce data sets and
models that would be useful in assisting localdeamservation decisions, the results of
this effort are most reliable at landscape or negiidevels of conservation planning (e.qg.,
1:100,000 scale). It should also be noted that,tdunsufficient project resources and
associated delays in completing the various commusnéhe final results of this effort are
significantly dated. Recent land use and land cokianges within the project area (e.g.,
new residential developments), and habitat consiervafforts that have led to changes
in land ownership and stewardship status in som@&samay not be reflected in the final
results.

2.6.1 Species Richness

The identification of habitats or sites on the lscape that are high in species richness
can be a valuable tool in conservation planning &sibthers have pointed out (e.g., Scott
et al. 2002), there may be many shortcomings imtenethis approach. For example,
measures of species richness do not account forespgomposition, and areas high in
species richness may not capture all species. thtauges or ecotones between habitats
may be high in species richness but, in the hiflalgmented mid-Atlantic, most of the
species in these situations may be quite commomanith need of conservation. In
addition, species richness hotspots may not captuoé the required habitats of the
individual species found in those locations.

The confidence level associated with a speciesegmee within a hexagon or 7.5-minute
guadrangle is high, since the records for thesgeramits are based on reliable field data.
However, the confidence level associated with &isgépresence within a particular
habitat patch within the range unit is not as hagpecially for rare species or habitat
specialists. Therefore, it is important to keepind that some of the identified hotspots
may be exaggerated by errors of commission. Modelccuracy at the stand level
depends on how well a species’ habitat requirenmemet&nown, how well those
requirements are captured in the modeling, an@d¢baracy of the model inputs
representing those requirements (see section 2efofv).

Many species richness analyses fail to considecdhservation status (i.e., rarity) of
individual species. The MDN-GAP effort mostly aded this shortcoming by running
separate richness analyses for rare species trhgkibe state Natural Heritage Programs.
Still, distinctions were not made as to the degfespecies rarity or population trends.
We also recognize that there are species of coais@mvconcern that do not occur in
species-rich areas. For example, there are seaeeabeach-nesting species that occur in
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areas of relatively low species richness. Onéefighest conservation priorities within
this project area, the Pea Patch Island heron rgakeich supports 9 wading bird
species and is the largest rookery north of Flomiid not show up as a hotspot in the
species richness analyses.

Because this is a three-state project, some ddpheies included in the rare species-
richness analyses may be rare in only one or twheothree states, and the distribution of
hotspots may be skewed toward portions of the pt@jeea where certain “rare” species
are not so rare. For example, many forest fragatiem:sensitive bird species (hairy
woodpeckerPicoides villosuspileated woodpeckeDryocopus pileatuswhite-breasted
nuthatch Sitta carolinensisbrown creeperCerthia americanayellow-throated vireo,
Vireo falvifrons;black-and-white warbleiMniotilta varia; American redstar§etophaga
ruticilla; worm-eating warbleitielmitheros vermivorud;ouisiana waterthrusigeiurus
motacilla; Kentucky warblerOporornis formosushooded warbleVilsonia citrina;and
summer tanageRiranga rubrg are rare to extremely rare in Delaware, wheredor
fragmentation is severe, but are not consideredinaMaryland or New Jersey where
large blocks of unfragmented forest remain. Assalt, hotspots for rare bird species in
the mountains of western Maryland and northern Nersey may be unduly influenced
by the presence of these species, and in ternegmfiral conservation priorities, these
areas may not be as important as they appeattiiieee may be more important hotspots,
supporting more intrinsically rare species, whibbwdd be the focus of conservation
efforts). On the other hand, one of the primarglg@f GAP is to keep common species
common, and Delaware provides for Maryland and Nergey a good example of how
common species may become rare due to uncheckeanhinmpacts on the landscape.

Most GAP projects have had a single-state focug;iwénables investigators to identify
state-level conservation priorities. Because phigicular project covers a three-state
area, conservation priorities that may emerge fileeresults are more representative of
regional biodiversity conditions than they areestatvel conditions. From an individual
state perspective, biodiversity conservation piiegiin Delaware may have been diluted
by the influences of biodiversity conditions in Mi@nd and New Jersey. Except for its
importance to rare amphibians, Delaware appedrs tmnder-represented in terms of
species richness hotspots. This is partly attaibletto the relatively narrow breadth of
habitat types found in Delaware when compared toydMad and New Jersey. There are
only two physiographic provinces represented iraldare. Maryland hosts montane
habitats, not found in Delaware, within its AlleglyedPlateau and Ridge and Valley
Provinces, and New Jersey includes similar habiats Ridge and Valley and
Highlands Provinces. Therefore, the results &f phoject are best viewed from a
regional perspective, and these results can atatstland managers in understanding
how their local management actions might influereggonal biodiversity.

In determining the reliability of species richnesslysis, it is also important to keep in
mind the limitations of the habitat models anddhaéa sets that went into them.
Though not always stated in the above presentafioesults, these are “predicted”
hotspots based on habitat modeling. While thegmess of each species within 7.5-
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minute quadrangles or 650 square-kilometer hexaganased on reliable range data, the
presence of a species in a particular cell or hapdtch is less certain and depends on the
accuracy of the habitat model and the model inputs.

2.6.2 Vertebrate Species Distribution Model Accurag

Of the many potential sources of error in modelinigllife species distributions, some of
which have been pointed out by other GAP projezts.( Scott et al. 2002), the following
were identified as limitations for the MDN-GAP pec:

1) Poorly-defined habitat preferences due to inswdfitinformation in the scientific
literature;

2) Inaccuracies in range data;

3) Inaccuracies in GIS layer model inputs (e.g., lamnder);

4) Model limitations related to scale and exclusiomngbortant micro-habitat
features (e.g., vertical stream banks for swall®mags for cavity-nesters);

5) GIS layers representing important habitat variaht#savailable for parts or all of
project area (e.g., habitat structure, surficialggy, large-scale wetlands
mapping, large-scale soils mapping);

6) Oversimplification of models or modeling layers daecomputer processing
limitations.

Because of the limitations mentioned above, acguaiithe stand level, especially for
certain habitat specialists, may be poor. For g@anhe bog turtleGlemmys
muhlenbergil prefers a very specific type of wetland thatiféallt, if not impossible, to
map from satellite imagery. Also, sites occupigdHis species tend to be small and,
given the scope of this project these sites wesbalsly poorly mapped. An extra effort
was made to capture small vernal pools, but a ndelbgy for teasing the preferred
habitat of the bog turtle out of the dated NWI da&e not available. Therefore, there
may be many errors of both commission and omisiginthis species and other habitat
specialists.

Accuracy may also be poor for species that relg omxture of habitats that are of
sufficient size and are juxtaposed to one anotker.example, the wood duckik

sponsa not only requires nest cavities, but also requdéferent habitats for different

life history requirements (e.g., brood habitatjthAugh there were forest juxtaposition,
wetland proximity, and forest area components ¢éontlodeling, methodology for
modeling the unique combination of habitats requlyg this species was not developed.
As a result, this species’ final distribution mapludes some small woody wetlands in
coastal areas that are unlikely to suitable.

In retrospect, given the final Special Habitat Beagrids include only 5 SHF types, it
would have made more sense, and improved modetagctor some species, to have
created a separate grid for each SHF type, witfebdfstances customized for each
species, as opposed to combining SHF types intohigpergrids with each grid
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representing a fixed distance. With regards tdahest juxtaposition modeling layer,
more liberal rankings for some of the forest typese probably warranted, and this
aspect of the modeling should be revisited. Soatergially important habitats were
excluded from the Habitat Type modeling layer, unithg aquatic beds and
impoundments, and surficial geology features migive been included if the GAP Land
Cover had mapped them (e.g., shale barrens, rackoppings, cliffs). The distinction in
the Habitat grid between low salt marsh and bréckiarsh was based on some very
generalized maps depicting salinities in major &she water bodies, and did not account
for the influence of smaller streams and groundinsgeps on salinity. Therefore, there
are, no doubt, inaccuracies in this distinctiothie Habitat layer, and separating these
marsh classes continues to be a challenge fordapddevel mapping efforts. In
developing a separate Habitat Type modeling layer, 6eparate from the GAP Land
Cover), many of the problems identified in the laoder were fixed, but this modeling
overlay was not assessed for accuracy. It wasieagbased on the GAP Land Cover
(which itself was subjected to an accuracy assasgnvath some of the habitat
classification being informed by the NLCD (alsoesssed for accuracy) and NWI
(assessed for accuracy in some geographic arBasertheless, many of the errors in
predicted species distributions may be traced baakaccuracies in the Habitat Type
grid, and many areas for improvement have beertifah

There may also be inaccuracies introduced by thgerdata where hexagons span states
that are separated by large bodies of water. ¥ample, there were cases where a
hexagon spanned the Delaware Bay and covered pericDelaware and New Jersey on
opposite sides of the bay, but a species was greagnwithin the Delaware portion of
the hexagon. In such cases, because the rangangaygs not done at the state level,
the species was erroneously committed to the Nesey@ortion of the hexagon. As a
result of this problem, there may be errors of cassman and exaggerated species
richness hotspots along some of the project ateajs water bodies (e.g., Delaware Bay,
Chesapeake Bay, Susquehanna River, Potomac River).

2.6.3 Accuracy Assessment of Predicted Vertebrate&cies Distributions

Due to project resource constraints, the accurssgssment of predicted vertebrate
species distributions was limited to comparisorhwpecies checklists from National
Wildlife Refuges and state parks. All of thesésliwere based on actual inventories, but
some lists were somewhat outdated. An unfortulivaigation of the accuracy
assessment for this project was the complete absdrany reliable checklists for the
mountainous regions of western Maryland which Iseseral rare species that are found
nowhere else in the project area. A bird checktisthe entire western-most county does
exist, but since this county is larger than thedéad hexagon range unit, use of this
checklist was deemed inappropriate.

The checklists for birds indicate whether or ngpacies is known to nest within the

managed area, and because modeling focused obleeding distributions, the accuracy
assessment compared only those species that wim@ éis nesters to the modeled
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distributions, with a few exceptions. These exiogst included widely-foraging species
such as colonial-nesting herons and egrets tharenen to travel many kilometers from
their rookeries to foraging habitats during theeldiiag season. Gulls, terns and swallows
are also known to travel considerable distances fiesting sites while foraging. If a
checklist indicated that one of these species wasimon” or “abundant” during the
nesting season, then the managed area was assumellitle foraging habitat important
to the reproductive success of the species andheasfore considered part of the
species’ local breeding range, even if the spegasnot known to nest within the
boundaries of the managed area.

In a very small number of cases, a checklist wasrdened to be in error based on new,
reliable field data indicating the breeding occooe of a species which was not included
in the checklist, and the predicted distributiorired species within that managed area
was recorded as a “match” in the accuracy assessriars rule was not applied to
sporadic nesters. There were also mistakes, coediby land managers, which had
nothing to do with checklist vintage. Other potaiproblems were associated with bird
checklists which state that listed nesters are kntmanest “on or near the refuge.” This
fuzziness may have caused false errors of omissioases where a species’ modeled
distribution fell just outside of a refuge. Thevere also cases where sporadic breeders
were included as nesters on a checklist. In amdithere were many cases where a
breeding bird atlas or NHP element occurrence dscmdicated that a species was
nesting within a particular park, refuge or managetarea, often specifically mentioning
the area by name as a known nesting location hieuspecies was not included as a nester
on the checklist. In some cases, a checklist atdatthat the species had recently been
extirpated. There were also some instances whgpeaes was listed as a nester on a
checklist, but there were no corresponding “pro&abt “confirmed” nesting records in
the breeding bird atlas.

One reptile and amphibian checklist stated tha tibcurrence of the more rare and
secretive skinks, salamanders, frogs, and toadadtdseen fully substantiated.” For this
particular refuge, an error of omission was recdride a very rare skink. This was also a
problem for some rare or secretive mammals. Caelgrthere were often errors of
commission recorded for secretive species that ye@icted to occur in an area but
were not included in the corresponding checklisisTwas also the case for some bat
species. Errors of commission were recorded fartskle species that were predicted to
occur in nearshore areas, but were not includeti@cklists.

There are obviously many potential problems assediaith this approach to accuracy
assessment, including differences in vintage otklsts and source data sets used in
range mapping. It also appears that more cooidmaetween checklist compilers and
other efforts (e.g., NHP inventories, BBA surveigsheeded. Ultimately, a more
thorough accuracy assessment, including outsiderergview, is needed to better assess
the accuracy of MDN-GAP predicted animal distribus.
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Chapter 3: Analysis Based On Stewardship
and Management Status

3.1 Introduction

This chapter describes the methods and resulteajdp analysis as used by the Gap
Analysis Program. As described in the general duotion to this report, the primary
objective of GAP is to provide information on thistdbution and status of several
elements of biological diversity. Although GAP "keéo identify habitat types and
species not adequately represented in the curedwbrk of biodiversity management
areas" (GAP Handbook, Preface, Version 1, p. I}, uinrealistic to create a standard
definition of "adequate representation” for eittzgrd cover types or individual species
(Noss et al. 1995). A practical solution to thislgem is to report both percentages and
absolute area of each element in biodiversity mamagt areas and allow the user to
determine which types or species are adequatetgsepted in natural areas. There are
many other factors that should be considered ih gleterminations such as:

historic loss or gain in distribution,

nature of the spatial distribution,

immediate versus long term risk, and

degree of local adaptation among populations obtbtc elements that are
worthy of individual conservation consideration.

Such analyses are beyond the scope of this priyjectye encourage their application
coupled with field confirmation of the mapped distitions.

Currently, land cover types and terrestrial verdéts are the primary focus of GAP's
mapping efforts, but other components of bioditgrsiuch as aquatic organisms or
selected groups of invertebrates may be incorpoiate GAP distributional data sets.
Where appropriate, GAP data may also be analyzetetdify the location of a set of
areas in which most or all land cover types or igseare predicted to be represented. The
use of "complementarity" analysis, that is, an apph that additively identifies a
selection of locations that may represent biodityerather than "hot spots of species
richness" may prove most effective for guiding Ivedsity maintenance efforts. Several
guantitative techniques have been developed reciatl facilitate this process (see
Pressey et al. 1993, Williams et al. 1996, Csuail e1997, for details). These areas
become candidates for field validation and mayngeriporated into a system of areas
managed for the long-term maintenance of biologioagrsity.

The network of Conservation Data Centers (CDCs)Nautiral Heritage Programs
(NHPs) established cooperatively by The Nature €osasicy and various state agencies
maintain detailed databases on the locations efegkments of biodiversity. GAP
cooperatively uses these data to develop preddistdbutions of potentially suitable
habitat for these elements, which may be valuabléentifying research needs and
preliminary considerations for restoration or resduction. Conservation of such
elements, however, is best accomplished throughirbdilter approach of the above
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organizations as described in the introductiors ftot the role of GAP to duplicate or
disseminate Heritage Program or CDC Element Ocooer®ecords. Users interested in
more specific information about the location, séand ecology of populations of such
species are directed to their state Heritage PnograCDC.

3.2 Methods

The gap analysis is accomplished by first produanags of 1) land cover, 2) predicted
distributions for selected animal species, an@Bjl Istewardship and management status.
Once these tasks are accomplished, the land stelwprand management layer is
intersected with the land cover and animal spatigsibution layers, and the results are
presented in tables which summarize the area aemeof total mapped distribution of
each element in different land stewardship and gemant categories. The results
presented here pertain only to the land stewardsigpmanagement status of animal
species for which models were developed. For tepartaining to the stewardship and
management status of different land cover classesRasberry et al. (2003).

The characteristics used to determine stewardstdpreanagement status are as follows:

* Permanence of protection from conversion of radtiand cover to unnatural
(anthropogenic habitats, human induced barrenjegominated, arrested
succession)

» Relative amount of the tract managed for natcoakr

* Inclusiveness of the management, i.e., a sirggleufe or species versus all biota
that would be expected to occur in the absenceimfam impacts

» Type of management and degree to which it is ragtithrough legal and
institutional arrangements

The four status categories can generally be defsddllows (after Scott et al. 1993,
Edwards et al. 1995, Crist et al. 1995):

Status 1: An area having permanent protection tonversion of natural land cover and
a mandated management plan in operation to maiataatural state within which
disturbance events (of natural type, frequency,iatahsity) are allowed to proceed
without interference or are mimicked through mamagyet.

Status 2: An area having permanent protection tonversion of natural land cover and
a mandated management plan in operation to maiatpimmarily natural state, but which
may receive use or management practices that degradjuality of existing natural
communities.

Status 3: An area having permanent protection ftonversion of natural land cover for
the majority of the area, but subject to extractiges of either a broad, low-intensity type
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or localized intense type. It also confers protecto federally listed endangered and
threatened species throughout the area.

Status 4: Lack of irrevocable easement or mandgbegvent conversion of natural
habitat types to anthropogenic habitat types. Bitenuse throughout the tract is allowed.
Also those tracts for which the existence of sudtrictions or sufficient information to
establish a higher status is unknown are included.

For more background information regarding the latgdvardship overlay used in this
analysis, see Rasberry et al. (2003).

The methods for conducting the analysis involvest tonverting the land stewardship
and management GIS vector coverage into a rastenvgth cell values of 1 through 4,
representing the four stewardship and manageme&ga@es. Individual species
distribution grids were then reclassified to O aodata, with the value of zero indicating
the species’ presence and nodata indicating itsneles Each reclassified species grid
was then added to the land stewardship and managegme, thus intersecting the grids
and assigning values of 1 through 4 to cells whiggespecies is present. Four new fields
were then added to the Value Attribute Table (VAT}®ach resulting grid, one for each
of the stewardship categories, and calculationgwan to populate each field with a
number representing the area, in hectares, undarstewardship category. The VAT for
each of these grids was then “unloaded” to a iexahd imported into a table which
presents the results of this analysis (Appendix J).

3.3 Results

The data are provided in a format that allows usecsrry out inquires about the
representation of each element in different laevavatdship and management categories
as appropriate to their own management objectiMais. forms the basis of Gap's mission
to provide land owners and managers with the inédion necessary to conduct informed
policy development, planning, and management fodikersity maintenance.

As a coarse indicator of the status of the elemeeprovide a breakdown along five
levels of representation (0-<1%, 1-<10%, 10-<200<80%, and >=50%). The <1%
level indicates those elements with essentiallyenaiitheir distribution in a protected
status while levels of 10%, 20%, and 50% have lbeemmmended in the literature as
meaningful amounts of conservation (Noss and Comezrl994; Noss 1991; Odum and
Odum 1972; Specht et al. 1974; Ride 1975; Mille94)9

The complete analysis table found in Appendix Jioles the area, in hectares, of each
species' mapped distribution by management statasthe percent of the species’ total
distribution in each category. For example, theeyelior Jefferson Salamander
(Ambystoma jeffersoniangnmdicates that this species has 10,446 ha ohpatéhabitat
in lands that are ranked Status 2, which repredéh&6 of that species’ total predicted
distribution.
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A total of 363 species were cross-tabulated withstewardship map to produce
summaries of protection for each species. Althougk about 8% of all species have <
1% of their predicted distributions within statuarid 2 lands (Table 3.1), over 80% have

only 1-10% of their predicted distributions withstatus 1 and 2 lands.

Table 3.1. Proportion of each taxonomic group witld-1%, 1-10%, 10-20%, 20-
50%, and > 50% of their predicted distributions in GAP status 1 and 2 lands

Taxonomic | Total | o, 1-10% 10-20% | 20-509%4 > 50%
Group Species

Amphibians | 41 1(2.4%) | 38(92.7%) 2(4.9%) 0 (0.008 (0.0%)
Birds 206 24 (11.7%) 150 (72.8%)| 27 (13.1%) 3 (1L.5%) 2 (0.9%
Mammals | 69 2(2.9%) | 63(91.3%) 2(2.9%) 1 (1.40)(1.2%)
Reptiles 47 1(2.1%) | 41 (87.2%) 2 (4.3%) 2 (4.3%)(2.1%)
Total 363 28 (7.7%)| 292 (80.4%) 33(9.1%) 6 (1.704)(1.1%)

Birds and reptiles appear to be the taxa that eserepresented in status 1 and 2 lands,
with over 15% of the bird species and over 10%hefreptile species having more than
10% of their potential habitat falling within stat@ and 2 lands. Looking at species with
at least 20% of their potential habitat occurrinthm status 1 and 2 lands, reptiles
appear to be the taxonomic group that is best septed, with 6.4% of the reptile species
having at least 20% of their potential habitat edog within status 1 or 2 lands.

Overall, however, it appears that all taxa are lyaepresented within GAP status 1 and
2 lands. Amphibians appear to be in the worst shagh over 95% of amphibian
species having less than 10% of their potentiaithabccurring within status 1 and 2
lands. When considering native species only, 88é of all species (307 of 348) have
less than 10% of their predicted distributions egog within status 1 or 2 lands.

3.3.1. Species with Less than 1% of Predicted Didbtution in Status 1 or 2

3.3.1.1 Amphibians

One amphibian species, the green salamadawmides aenelishas less than 1% of its
predicted distribution occurring within status 120lands. Given that this species is
considered very rare within the project area, teesents a high conservation priority.

3.3.1.2 Birds

There are 24 bird species with less than 1% of firedicted distributions occurring
within status 1 or 2 lands. Some of these spesie®n the edges of their breeding range
(e.q., green-winged tea\nas creccy while others are human-adapted, occurring mostly
in disturbed or urban areas (e.g., rock d@@umba livig. The exotic ring-necked
pheasantRhasianus colchicgdas been introduced as a game bird to some édnatasas

a very limited distribution within the project are&pecies of conservation concern
include the American kestrdtélco sparveriuy short-eared owlAsio flammeuswhich

is an extremely rare breeder, royal testefnamaximay), which is an endangered species
in Maryland, common nighthawlCpordeiles minoy, and mourning warbleQporornis
philadelphig.
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In addition, there are several grassland bird gigewith less than 1% of their potential
habitat falling within status 1 or 2 lands. Thepeaes, all of which are rare to extremely
rare nesters within one or more of the project’argtates, include the upland sandpiper
(Bartramia longicaud® grasshopper sparroifimodramusavannarum), vesper
sparrow Pooecetes graminelsavannah sparrowésserculus sandwichengis
Henslow’s sparrowAmmodramus hensloWjidickcissel $piza americana bobolink
(Dolichonyx oryzivorug and eastern meadowla®t(rnella magna Some of these
grassland birds require large, contiguous patchgsassland or prairie habitat, a
condition which did not naturally occur within thpsoject area until many of its forests
were cleared for agriculture. This forest-cleatiremnd has had a very negative impact on
forest-dependent species, especially those whaphineelarge, contiguous tracts
containing forest interior habitat. Thereforehaligh many of these grassland birds are
species of management concern and are poorly epszson GAP status 1 and 2 lands,
any management actions taken on their behalf shmile at the expense of forest
interior habitat.

3.3.1.3 Mammals

Two mammal species, Townsend’s big-eared Gatynorhinus townsendiand black

rat (Rattus rattuy have less than 1% of their predicted distribngioccurring within

status 1 and 2 lands. The former has an extrelnabgd range which barely extends

into the project area, while the latter is an exepecies commonly associated with urban
areas and is therefore unlikely to occur withindineeveloped habitats of status 1 or 2
lands.

3.3.1.4 Reptiles

Only one reptile species has less than 1% of @dipted distribution occurring within
status 1 or 2 lands, and that species, the slidackemys scripfawas introduced to the
project area, most likely through the pet trade.

3.3.2 Species with Less than 10% of Predicted Dighution in Status 1 or 2

3.3.2.1 Amphibians

There are far too many species with less than 10%ed predicted distributions in status
1 or 2 lands to list them all here. However, whensidering species rarity in
combination with representation within status 2 ¢éands, there are many species worth
noting. The mudpuppyNecturus maculosiishellbender Cryptobranchus

alleganiensi} and barking treefrogHyla gratiosg are all considered extremely rare
within the project area and have less than 5%af firedicted distributions occurring
within status 1 or 2 lands. The mountain chorag {Pseudacris brachyphohaCope’s
gray treefroglflyla chrysoscelis Eastern narrowmouth toa@4strophryne carolinensis
and carpenter frogRana virgatipepare all considered extremely rare to very rardiwi
the project area, and also have less than 5% wfgredicted distributions occurring
within status 1 or 2 lands. There are also a e to extremely rare mole salamander
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species with less than 10% of their potential laiwithin status 1 and 2 lands. These
species are included as part of an important spesigemblage described below.

3.3.2.2 Birds

Nearly 73% of nesting bird species in this progeeta have between 1 and 10% of their
predicted distributions occurring within GAP stafusr 2 lands. Among these are many
species of management concern, including wetlapem#ent species such as the pied-
billed grebe Podilymbus podicepsAmerican bitternBotaurus lentiginosysleast

bittern (xobrychus exili§ black rail Laterallus jamaicens)s king rail (Rallus elegans
sora Porzana caroling common moorher@allinula chloropug, American cootRulica
Americang, black-necked stiltHimantopus mexicanyssedge wrengistothorus
platensi$ and the swamp sparroMélospiza Georgianawhich includes a coastal plain
subspeciesM. g. nigrescensof management concern. Also included are the-blu
winged warblerVermivora pinusand chestnut-sided warblédd€ndroica pensylvaniga
both of which are associated with brushy secondgvtiroand the alder flycatcher
(Empidonax alnorupmand Nashville warbleMermivora ruficapillg, species that are
associated with both wetlands and brushy secondthrioabitats.

Other species, such as the red-shouldered hButeq lineatuy barred owl $trix varia),
brown creeperGerthia americang veery Catharus fuscesce)sorthern parulaRarula
americand, American redstarSetophaga ruticilla Swainson’s warblel{mnothlypis
swainsoni) and hooded warble¥\(ilsonia citring have been found to be sensitive to
forest fragmentation, and are mostly restrictedrtbroken forests. The brown-headed
nuthatch §itta pusillg is at the extreme northern end of its range,gorieflg the pines of
the southernmost portions of the project area.o Alssociated with pines but equally at
home in mature riparian or floodplain forests is ylellow-throated warbleDendroica
dominicg. Another species of management concern thatdemepresented within
status 1 and 2 lands and often associated withrenaparian woodlands is the warbling
vireo (Vireo gilvug.

Three species that are near the southern extreitiesiiobreeding ranges and are
likewise underrepresented in status 1 and 2 laredtha winter wrenTroglodytes
troglodyte$, blackburnian warbleendroica fuscpand dark-eyed juncd@nco
hyemalis), all of which are often associated withrennorthern or boreal habitats, and
generally nest only within the mountainous portiohghe project area. Other species of
management concern that have less than10% ofptesicted distributions occurring
within GAP status 1 or 2 lands include the balde#daliaeetus leucocephalis
northern harrier@ircus cyaneus sharp-shinned hawl¢cipiter striatu3, broad-winged
hawk Buteo platypterus least tern$terna antillaruny, black-billed cuckoo@occyzus
erythropthalmu} red-headed woodpeckavi¢lanerpes erythrocephalycliff swallow
(Hirundo pyrrhonotd, common ravendorvus coray Bewick’s wren Thryomanes
bewickii), and loggerhead shrikegnius ludovicianus All of these species are
considered very rare or extremely rare in at leastof the three states.
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3.3.2.3 Mammals

Over 91% of the mammal species in this project heae less than10% of their potential
habitat occurring within GAP status 1 or 2 lan@¥.these, three are at the extremes of
their ranges. The common porcupiggdthizon dorsatup which is considered very rare
to extremely rare in Maryland, is at the extremetisern end of its range in the north-
central part of this state. The ermiMystela ermineaalso appears to be at the southern
end of its range where it occurs in north-centraland and northern New Jersey. The
eastern spotted skun®pilogale putoriusis at the extreme northern end of its range in
western Maryland, where it is considered extremalg. There is also an extremely rare
subspecies, the southern rock vadlegrotus chrotorrhinus carolinensiswhose southern
distribution appears to reach its northern terminusestern Maryland.

Among the other very rare or extremely rare spewi@sless than10% of their predicted
distributions in status 1 or 2 lands are the wslteew Gorex palustris smoky shrew
(Sorex fumeyslong-tailed shrewJorex dispay, two subspecies of the pygmy shrew
(Sorex hoy), social myotis Kyotis sodali¥, eastern small-footed myotislyotis leibii),
eastern fox squirreSciurus nigey which includes the federally endangered Delmarva
subspeciesS. n. cinereys Allegheny woodratNeotoma magistgrsouthern bog
lemming Synaptomys coopé@riand least weasdilustela nivali3. Also included among
these species are the New England cottorfsgilv{lagus transitionallisand the
Appalachian cottontailylvilagus obscurgavhich, until recently, were thought to be
members of the same species but were treated asateppecies in this project. The
former appears to occur in northern New Jerseyghats status is currently
undetermined, while the latter occurs in extremstem® Maryland where it is extremely
rare. One other noteworthy species whose statydmancertain within the project area
is the fisherMartes pennanti Once extirpated over most of its eastern ramdg@s been
reintroduced in the northeast and, in 1969, twéimtge animals from New Hampshire
were released in West Virginia, near the Virgima dMaryland state lines, apparently
with some success (Whitaker and Hamilton 1998).

3.3.2.4 Reptiles

Over 87% of reptile species in this project aregeHass than 10% of their predicted
distributions occurring within status 1 and 2 landsnong these are many species of
management concern, including the federally threstdoog turtleGClemmys

muhlenbergi, which is found in a small number of isolated ¥agd spring-fed wet
meadows within the project area. Also includedtharee southern species, scarlet snake
(Cemophora coccingarainbow snakeHarancia erythrogrammpand plainbelly
watersnakeNerodia erythrogastgr which are at the northern extremes of their esng
within the project area. The common map tui@eaptemys geographi¢and spiny
softshell Apalone spiniferpare both associated with aquatic habitats, Heigjueen
snake Regina septemvittafavhich requires relatively unpolluted streams &nd

declining due to continuing habitat degradatiome Temaining species, broadhead skink
(Eumeces laticepsground skink $cincella laterali, coal skink Eumeces anthracinyis
redbelly snakeStoreria occipitomaculaja corn snakeHElaphe guttat® smooth earth
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shake Yirginia valeriag, copperheadAgkistrodon contortrixand timber rattlesnake
(Crotalus horridug, are all primarily associated with forests.

3.3.3 Species with Less than 20% of Predicted Dighution in Status 1 or 2

3.3.3.1 Amphibians

Only two amphibian species, Jefferson salamand®abstoma jeffersoniangyrand
blue-spotted salamande&ribystoma latera)e have between 10 and 20% of their
distributions in status 1 or 2 lands. The fornseconsidered rare in both Maryland and
New Jersey, while the latter is absent from moshefproject area, occurring only in
northern New Jersey where it is considered extrenage. All other amphibian species
have less than 10% of their predicted distributioosurring within status 1 or 2 lands.

3.3.3.2 Birds

Just over 13% of bird species have between 10 @#dd their predicted distributions
occurring within status 1 or 2 lands. In addittorthree wading bird species included in
an important project-wide species assemblage (tbescbelow), other species of
management concern include several beach-nestewgespsuch as American
oystercatcher{aematopus palliatysgreat black-backed gulLarus marinuy common
tern Sterna hirundd, Forster’'s terngterna forstejiand black skimmemRynchops
niger). Other rare species associated with coastatdtabnclude double-crested
cormorant Phalacrocorax auritug gadwall Anas streperg and the peregrine falcon
(Falco peregrinuswhich often hunts along bay beaches. This gadsp includes the
hooded mergansel¢phodytes cucullatdswhich requires tree cavities and is generally
associated with inland, non-tidal wetlands.

Species in this group that are rare because thagseciated with more northern or boreal
habitats for nesting, and reach their southerntdinmithin the project area, include the
northern goshawkAccipiter gentilig, northern saw-whet owlggolius acadicys red-
breasted nuthatclsitta Canadens)sgolden-crowned kingleRegulus satrapaand
yellow-bellied sapsuckeSphyrapicus varigs A species that is extremely sensitive to
forest fragmentation, and has less than 20% g@fatential habitat within GAP status 1
and 2 lands, is the cerulean warbl2efdroica cerulep which is a species of
management concern in the northeast.

3.3.3.3 Mammals

Only two mammal species, the nutriMyocastor coypuysand black beatrsus
americanuy have between 10 and 20% of their predictedidigions occurring within
status 1 or 2 lands. The nutria is an exotic masapecies that is responsible for the
conversion of large areas of tidal marsh to opetemia the Blackwater National

Wildlife Refuge in Maryland. A trapping programshgreatly reduced its numbers, but it
is still a management problem and has expandedthtr parts of the project area,
including some areas of Delaware. The black eksted as a rare species in Maryland
and New Jersey where it is a source of controvdugyto increasing conflicts with
humans.
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3.3.3.4 Reptiles

Two reptile species, the leatherback seatuksihochelys coriacgaand diamondback
terrapin Malaclemys terrapipy have between 10 and 20% of their distributiotsuoring
within status 1 and 2 lands. In actuality, non¢hefleatherback seaturtle’s potential
habitat is protected within the project area, & tpecies does not nest here but is found
in nearshore waters along the coast and in the ddgbitat mapping for this species
included estuarine open water habitats which senestincluded small lagoons that
occur within the boundaries of status 1 or 2 laimisbable errors of commission). The
diamondback terrapin also uses nearshore waterg altean and bay beaches where it
nests, but as a juvenile, it spends most of ite iimtidal creeks and marshes.

3.3.4 Species with Less than 50% of Predicted Dighution in Status 1 or 2

3.3.4.1 Amphibians
All amphibian species have less than 20% of th&digted distributions occurring
within status 1 or 2 lands.

3.3.4.2 Birds

Bird species with between 20 and 50% of their mtedi distributions occurring within
status 1 or 2 lands include the piping plov@hgradrius melodys a federally threatened
beach-nester, gull-billed ter&terna nilotica, also an extremely rare beach-nester, and
pine siskin Carduelis pinugs The two beach nesters have extremely limitstributions
within the project area, and significant portiomsheir nesting habitat are protected. The
pine siskin is an extremely rare breeder in botivNersey and Maryland. Breeding
records for this species in Maryland are from staie federal lands.

3.3.4.3 Mammals

One mammal species, the northern flying squi&agcomys sabringshas 20 to 50%

of its potential habitat within status 1 or 2 landshis is mostly a northern species,
occurring only in the highlands of northwestern Niswsey and in the mountains near the
southernmost portion of the Maryland-West Virgih@der. Its status is currently
undetermined within the project area.

3.3.4.4 Reptiles

The two reptile species with 20 to 50% of theirdacged distributions occurring within
status 1 or 2 lands are federally threatened sdasu Only one of the two species, the
loggerhead seaturtl€éretta caretty, uses terrestrial habitats within the projechare

This turtle is a confirmed nester on Assateagutsion the Atlantic coast at the
southern extreme of the project area. In additiath the Chesapeake Bay and Delaware
Bay host large numbers of juvenile loggerheads sanimer, where they feed primarily
on horseshoe crabs. The Delaware Bay hosts thd'sitargest population of spawning
horseshoe crabs. The Atlantic green tudlbdlonia mydasdoes not nest within the
project area, but juveniles of this species areoniesl foraging among submerged aquatic
vegetation in shallow marine and estuarine watktiseoproject area.

82



3.3.5 Species with More than 50% of Predicted Distpution in Status 1 or 2

3.3.5.1 Amphibians
No amphibian species have more than 20% of thettipted distributions occurring
within status 1 or 2 lands.

3.3.5.2 Birds

Two bird species, the brown pelicdPe{ecanus occidenta)ignd white-throated sparrow
(Zonotrichia albicollig, have more than 50% of their predicted distritmsi occurring
within status 1 or 2 lands. Each species has taragly limited breeding distribution
within the project area but, in each case, thigitigion largely coincides with state- and
federally-owned protected areas. The white-thibaparrow nests primarily in hemlock-
northern hardwood forests of the New Jersey HigldariThe brown pelican is somewhat
of a newcomer to the project area, with the fiestting confirmation occurring in 1987
on a dredge spoil island in Chincoteague Bay.

3.3.5.3 Mammals

Only one mammal species, the feral horse or “Assate pony” Equus caballus has
more than 50% of its predicted distribution ocaugrwithin Gap status 1 or 2 lands.
Most of this species potential habitat occurs witiie Assateague Island National
Seashore.

3.3.5.4 Reptiles

The only reptile species with more than 50% opdgential habitat falling within status 1
or 2 lands is the Atlantic ridley seaturtleepidochelys kemppii This federally-listed
endangered species does not nest within the prajeat but is found in relatively high
numbers in the Chesapeake Bay and along the Atleadst of the project area during the
summer, often in or near eelgrass meadows. Vil ili any of this seaturtle’s potential
habitat is actually protected within the projeaar Habitat mapping for this species
included estuarine open water habitats which seonestincluded small lagoons that
occur within the boundaries of status 1 or 2 |ajpisbable errors of commission).

3.3.6 Analysis of Important Statewide Species Assdfages

3.3.6.1 Vernal pool-breeding amphibians

In terms of rarity and vulnerability to human imggosernal pool-breeding amphibians
represent an important species assemblage. Sepedes that occur within an area
known as the Blackbird-Millington corridor are cdricular conservation concern.
Among these species are the spotted salamaAddrystoma maculatypmarbled
salamanderAmbystoma opacuptiger salamandeAfmbystoma tigrinuinand barking
treefrog, all of which are considered rare to exely rare, and all of which depend upon
forests and seasonal wetlands for their surviVéle Blackbird-Millington Corridor,

which spans the boundary between Maryland and Cakavis also an area of very high
amphibian species richness (see Figure 2.15), ecalise it occurs on the coastal plain
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where topography is very flat, its forests and seakwetlands are especially vulnerable
to development. Despite the fact that signifiqaortions of this corridor occur on state-
owned forest land and wildlife management area,latidf the species mentioned above
have less than 10% of their predicted distributioosurring within status 1 or 2 lands.

3.3.6.2 Wading birds of Pea Patch Island

Another important species assemblage includeswaauieng bird species, all of which are
considered rare to extremely rare within the priogeea, and all of which can be found
nesting on Pea Patch Island in the upper Delawaye Bhis island rookery, which is
protected by the State of Delaware, representatbest heron rookery north of Florida.
While some of the nine species may be found nestingher, smaller rookeries
throughout the project area, Pea Patch Islanceisiy site known to support all of these
species. Six of these species have less than 1@&iopredicted distributions occurring
within status 1 and 2 lands. These species indhelgreat blue heroM\fdea herodiag
great egret@asmerodius albyssnowy egretEgretta thulg, little blue heronEgretta
caeruleg, cattle egretBubulcus ibi and black-crowned night-heroNycticorax
nycticoray. The remaining three species have 10 to 20%eof predicted distributions
occurring within status 1 and 2 lands. These ohelihe tricolored herorkE@retta

tricolor), yellow-crowned night-herorNyctanassa violaceygind glossy ibisKlegadis
falcinellug. Two of these three species, the tricolored marad yellow-crowned night-
heron, have slightly more potential habitat fallimghin GAP status 1 and 2 lands
because they do not travel far from their rookerfind suitable foraging habitat. The
glossy ibis, on the other hand, may travel manyrkéters from the rookery to forage, as
will the other six species, most of which are gkl abundant but appear to be less
protected due to their wide-ranging foraging habits

3.3.7 Analysis of State Endemics

Although there are no endemic terrestrial vert@bsgiecies in any of the project area’s
three states, there are some notable subspeassibly most important among these is
the federally-listed endangered Delmarva fox suifciurus niger cineregs Although
this subspecies is not endemic to any of the thiiaes, it is endemic to the Delmarva
Peninsula, which includes Delaware and the EaSkare (i.e., of the Chesapeake Bay)
portions of Maryland and Virginia. Within Marylarahd Delaware, only 2.34% of this
subspecies’ predicted distribution falls withintagal or 2 lands. A geographically-
isolated subspecies of vole, known as Rhoad’s sontted-backed vole€(ethrionomys
gapperi rhoads, occurs in the cedar swamps and sphagnum bagsutiern New
Jersey. The protection status of this subspecssnet determined but, at the species
level, only 3.88% of this vole’s predicted distrilan falls within status 1 or 2 lands
across the project area.

3.4 Limitations and Discussion

When applying the results of our analyses, ititcal that the following limitations are
considered: 1) the limitations described for eaictihe component parts (animal species
mapping, stewardship mapping) of the analysedy&@¥patial and thematic map accuracy
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of the components, and 3) the suitability of theults for the intended application (see
Appropriate and Inappropriate Use below).

It should be noted that flaws in the land stewapand management GIS coverage were
discovered during the accuracy assessment of vatéedistributions. In New Jersey
alone, over 11,000 hectares of National Wildlifduge land were not included in this
GIS coverage, and at least 3,900 hectares of NatWildlife Refuge land in Maryland
were not included in the mapping. In addition,68,hectares of state Wildlife Area land
in Delaware were mis-labeled as “private.” Althbugost or all of these lands are
unlikely to meet the status 1 criteria, they akelj to be status 2 or 3, but were mapped
as status 4 lands. Therefore, the analysis of geamant status of land cover in these
states was flawed, and this problem was discovaited the analysis had already been
conducted for the predicted vertebrate distribitiomhese errors were corrected for the
accuracy assessment of the vertebrate distribytsanthe comparison of predicted
species distributions to species checklists froes¢hareas is considered valid.
Unfortunately, there will be cases where certailaover types and wildlife species
appear to be more under-represented in managesltasdaafford some level of
biodiversity protection than they truly are andjgtihe results may include some false
“gaps” in biodiversity conservation. However, 2161 total hectares known to be
excluded from stewardship areas represents lesotiehalf of one percent (0.46%) of
the total project area, and therefore probably ot significantly increase a species’
protection status.

It should also be noted that the only GAP statlandls are the salt marshes of South
Marsh Island and Cedar Island Wildlife Managemergas, which are both surrounded
by waters of the Chesapeake Bay in southern Madlyl&@ecause the mesohaline to
polyhaline habitats of these areas are inhospitakdenphibians, no species of this
taxonomic group is afforded the highest biodivgrsdnservation status anywhere within
the Maryland-Delaware-New Jersey project area.

Although we have indicated that many of the spettiasare underrepresented in status 1
and 2 lands are near the extremes of their raftgesmportant to keep in mind that the
analyses presented here do not take into accoaimligtribution or protection status of
species in other parts of their ranges. Many ofkftexies that have very limited ranges in
the MDN-GAP project area range widely in adjacé¢ates. To consider fully the
conservation status of these species, a comprefeenangewide assessment would need
to be completed (Scott et al. 2002).

It is apparent that many species of conservatiowe&m are poorly represented within
lands that are managed for biodiversity. A vergdapercentage of the project area is
privately owned, which creates considerable chglsrio biodiversity conservation.
However, there are also significant portions ofgghgect area in status 3 protection (e.g.,
state forests), and these areas offer great patéotiincorporating biodiversity
conservation priorities into their management plans
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Chapter 4: Stewardship Status of Predicted
Rare Species Richness Hotspots

4.1 Introduction

As previously stated, the primary objective of Gi&Ro provide information on the
distribution and conservation status of elementsiabgical diversity. Currently, land
cover types and terrestrial vertebrates are thegryi focus of GAP's mapping efforts.
This report focuses on modeling and mapping thieildigions of 363 terrestrial
vertebrate species (breeding birds, mammals, esp@ind amphibians), and determining
their conservation status in Maryland, Delaware lded Jersey. It is a supplement to a
previous report by Rasberry et al. (2003) whichugsxl on mapping and determining the
conservation status of natural land cover typeshigrthree-state area. The results of the
analysis of the stewardship and management sthtasrestrial vertebrates are presented
in Chapter 3 and Appendix Jhese results report the percentage and absokdeoér
each species’ predicted distribution falling witleach of the four stewardship and
management categories.

A secondary objective of GAP is to identify arelaattare high in species richness and
may be considered potential biodiversity “hotsgotdowever, as discussed in chapter 2,
there are many shortcomings to this secondary sisglg.g., hotspots may not capture all
species of concern), and the results of the speci@sess analysis are more subjective
(e.g., how many species constitute a hotspot?).tHése and other reasons, GAP places
primary emphasis on the more objective and quan&taesults which identify how well
each species, or landcover type, is representéanwénds that are managed in a way that
will ensure its continued existence. Neverthelekntifying hotspots, particularly rare
species hotspots that appear to be inadequatdlgbed, may be a valuable approach to
habitat conservation planning, as long as its &trohs are acknowledged and it is viewed
as complementary to other conservation plannintgtoo

4.2 Methods

Tables listing rare vertebrate species trackedheyNatural Heritage Programs in
Maryland, Delaware and New Jersey are presentagpendix H. Species richness
analyses were conducted by taxonomic group (bindsnmals, reptiles, amphibians), for
all species in the four taxonomic groups combiredrare species of each taxonomic
group, and for rare species in all taxonomic grazgabined. Species richness grids for
rare birds, rare mammals, rare reptiles, rare alnmgis, and all rare vertebrates
combined, were intersected with GAP stewardshifust4 lands (i.e., no protection) and
status 3 and 4 lands combined (i.e., potential g@mant gaps or no protection at all).
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4.3 Results

4.3.1 Predicted Gaps in Protection of Rare Bird Spxes Hotspots

Predicted hotspots for rare bird species that atenpial management gaps (status 3) or
lacking protection altogether (status 4) are tomerous to name, but some of the more
obvious potential gaps are shown in Figure 4.1is Tigure depicts predicted hotspots
occurring within status 4 lands only. Among thestnqarominent are riparian forests
within the Youghiogheny River corridor on the Allemny Plateau in western Maryland,
and the riparian and headwater forests of the Nwgey Highlands and Kittatinny
Mountain where the largest numbers of rare biraiggeare found.

Other unprotected hotspots in Maryland includerrgraforests along the Conowingo
Creek and Grays Run in the Piedmont Province,iapdorests along the Patuxent River
and tributaries of the Severn and South Rivers,(Hgrth River, Bacon Ridge Branch,
Flat Creek, western shore tributaries of Little RoduBay), and forested swampland along
Zekiah Swamp Run and in the Pocomoke River cormdtirin Maryland’s Coastal Plain.
In New Jersey, additional hotspots which appe#etanprotected include the swampy
headwaters of Oranoaken Creek (Bear Swamp wesheoGoastal Plain, tidal marshes
in the vicinity of Atlantic City, and the foresté@adwaters of Rancocas Creek at the
western edge of the New Jersey Pine Barrens. iddditpredicted hotspots that are
unprotected or represent potential managementagyadssted in Appendix K.

4.3.2 Predicted Gaps in Protection of Rare Mammal&cies Hotspots

By far, the most prominent, unprotected hotspotsdce mammal species are in western
Maryland on the Allegheny Plateau and, to a lesgtant, in the Ridge and Valley
Province of Maryland (Figure 4.2). The forestsh&Youghiogheny River corridor again
appear to be important and are mostly unprotectier predicted hotspots that are not
adequately protected include forests along thedlass River and some of its
tributaries, riparian forests of the North BranatdPmac River and tributaries, forests of
the Georges Creek corridor, and hardwood and nfo@sts on Piney Mountain. Within
the Ridge and Valley Province of western Marylamatotected hotspots for rare
mammals include the hardwood, mixed and ripariaesis of Collier Mountain and
Collier Run, and forests along Sideling Creek.
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4.3.3 Predicted Gaps in Protection of Rare Reptil&pecies Hotspots

Predicted hotspots for rare reptile species ttehat adequately protected generally
include riparian corridors where there is a mixvofody and herbaceous habitat types,
and edges or ecotones between these habitatgygeeta with nearby wetland or aquatic
habitats. In the New Jersey Pine Barrens, unpexddwotspots also appear to include
ecotones between open, pine-dominated woodland®aested swamps (Figure 4.3). In
the Ridge and Valley Province of western Marylaheére appear to be significant,
unprotected hotspots along the Potomac River amgtdries, and the Chesapeake and
Ohio Canal which runs parallel to the Potomac.

Other predicted hotspots that are lacking protedticlude several Potomac River and
C&O Canal tributaries just northwest of WashingtbrC. (Sandy Branch, Greenbrier
Branch, Watts Branch, Cabin John Creek and othans) headwaters and tributaries of
the Patuxent River, Severn River, South River andofstia River north and east of
Washington. To the south of Washington, unprotebtespots include the upper
Mattawoman Creek, and tributaries of PiscatawagkraVithin the Maryland portion of
the Delmarva Peninsula, there appear to be manptagbed hotspots along headwaters
and tributaries of the Nanticoke, Wicomico and Rncke Rivers. These hotspots appear
to consist of edge-dominated riparian forests anelst-swamp ecotones, with many of
the upland forests including a strong pine compgrsmilar to hotspots in the New
Jersey Pine Barrens.

4.3.4 Predicted Gaps in Protection of Rare Amphibia Species Hotspots

Of the many unprotected hotspots for rare amphgithose that appear to be highest in
species richness include the Youghiogheny Riveatidmr, Potomac River and C&O
Canal tributaries northwest of Washington, D.Ce, Btackbird-Millington Corridor in
Maryland and Delaware, and wetlands associatedhefdwaters and tributaries of
several rivers in the southern Pine Barrens antileingls of New Jersey (Figure 4.4).
Within the Youghiogheny River corridor, unprotectaatspots appear to include vernal
pools, shrub swamps, and wet meadows in heavigsted riparian areas. Some upper
perennial river and stream reaches in this areaagdpear to be hotspots, possibly
because these reaches fall within the limited rammg¢he hellbendeQryptobranchus
alleganiensiy¥ and mudpuppyNecturus maculosiis The forested riparian areas of the
Potomac River and C&O Canal tributaries includenaépools, shrub swamps, forested
swamps, ponds and stream habitats.
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The Blackbird-Millington area on the northern C@$tlain of Maryland and Delaware
includes the largest concentration of Coastal FPainds (vernal pools) in the project
area. These seasonal wetlands and the surroumditrx of hardwood forest appear to
represent the most significant rare amphibian ggduntspot in the MDN-GAP project
area, and much of the area remains unprotectethe lsouthern New Jersey Pine
Barrens, the most significant unprotected hotspotsespond mostly with shrub swamps
and bottomland hardwood swamps along heavily fecekeadwater streams and
tributaries of the Great Egg Harbor River, Maufitiger and Dennis Creek. In the
Highlands and upper Piedmont of northern New Jetbeyunprotected habitats that are
highest in rare amphibian species richness indhaddwood swamps associated with
tributaries of the Passaic, Rockaway and RaritaeRi

4.3.5 Predicted Gaps in Protection of Rare Vertebra Species Hotspots

The most significant unprotected hotspots for vamebrate species in general are found
in the mountainous regions of the project areaui@dt.5). In western Maryland, these
include the Youghiogheny River corridor, and pori@f the Casselman River, North
Branch Potomac River and Georges Creek corridordlew Jersey, unprotected areas
that are high in rare vertebrate species richmedsde riparian areas at middle and lower
elevations of the Kittatinny Ridge, and similausitions within the Highlands Province.
Within these areas, the habitats corresponding lgh species richness generally appear
to include mesic hardwood and mixed forests, oftemorth-facing slopes or in cool
ravines, or broad riparian and floodplain foresibese hotspots tend to be adjacent to
streams, rivers, ponds, lakes, marshes or wet meaaw in swampy headwaters.

Other unprotected hotspots that are worth mentgimalude riparian forests and
hardwood swamps along tributaries of the PotomaemRiear Washington, D.C., and
similar habitats along the Patuxent River and tekas of the Severn and South Rivers.
The upper Mattawoman Creek and Zekiah Swamp Rubaresomewhat less
significant in terms of species richness, but afatively wide riparian forest corridors
that are lacking protection. Headwater streanBrefon Bay and many tributaries along
the lower Patuxent River are also unprotected apéar to be representative of relatively
species-rich habitats in St. Marys County wherddhests and swamps include more
pines. On the Delmarva Peninsula, a very promihetgpot is the Pocomoke River
corridor. Significant portions of this corridomnain unprotected. Species-rich habitats
along the Pocomoke and its tributaries include mdstttomland hardwood and mixed
pine-hardwood swamps, some of which include baptess as a co-dominant.
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4.4 Limitations and Discussion

Limitations of the species richness analysis aeddahd stewardship data are presented in
sections 2.6.1 and 3.4, respectively. The ideaiifon of gaps in the protection of rare
species hotspots goes beyond the typical GAP gr@ad should be viewed with caution
due to its subjective nature. The typical “anayanicludes only an assessment of the
conservation status of individual species. AltHosgch an analysis is based on
predicted distributions, it is less subjective tlaananalysis which requires one to make a
judgement as to what constitutes a “hotspot.” skeasing species richness alone, there
are gradations in numbers of species, and whileesam@as stand out more than others,
we are not necessarily jumping to conclusions abduth of the areas that appear to be
highest in species richness are most importanattémpting to identify gaps in

protection of hotspots by intersecting rare spedasess with status 3 and 4 lands, it is
necessary to make some subjective conclusionswvalsabconstitutes a hotspot.
Nevertheless, we've attempted to identify thesemixlly important gaps because there
do appear to be many areas that are high in re@esprichness that do not fall within
status 1 or 2 lands, and we felt there would beesadued value in pointing them out.

Because GAP data sets for this project are somewtdated, some of the identified
"hotspots” may no longer support large numbersacé species. Development is
occurring at a rapid pace in some portions of tlogept area and may have significantly
impacted some of these areas. Changes in landrsivpeind management have also,
undoubtedly, occurred, and some of the identifigosgnay now be protected.
Nevertheless, many of the identified gaps in ptatecof rare species hotspots are still
likely to be valid conservation targets, and shdddurther investigated and considered
in biodiversity protection planning efforts.
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Chapter 5: Conclusions and Management
Implications

Over 88% (307 of 348) of all native vertebrate sgeéor which models were developed
have less than 10% of their predicted distributioosurring within lands managed for
long-term maintenance of biodiversity (i.e., GARtss 1 or 2 lands). Nearly 97% of
native mammal species have less than 10% of thedligted distributions occurring
within status 1 and 2 lands. Among these are sgpeadies which are associated
primarily with forests, and are considered extrgnnate in at least one of the three states.
Over 95% of all amphibian species have less th&n aDtheir predicted distributions
occurring within status 1 or 2 lands. Many of thee to extremely rare species within
this taxon are associated with seasonal wetlanthsaxtensive forest buffers, and a few
species are associated with unpolluted streamsanily forested regions. Over 89% of
native reptile species are similarly underrepresebimt status 1 and 2 lands. Species of
management concern include the federally threatbogdurtle Clemmys muhlenbergii
and the queen snakiedgina septemvittaavhich requires relatively unpolluted streams.

Nearly 84% of native breeding bird species have flean 10 % of their predicted
distributions occurring within status 1 or 2 landsnong those that are rare to extremely
rare are several wetland-dependent species anchkspecies associated with early
successional habitats. There are also severakespgcmanagement concern that are
sensitive to forest fragmentation. The objectioksonserving large forests and early
successional habitats may seem to be in conflisbme situations, but there are many
opportunities (e.g., through Farm Bill programsptold early successional habitats from
the ground up, and young reforestation sites witVg the latter objective over the short
term. Within the mid-Atlantic region, the estahlisent of grasslands may be desirable in
agricultural areas where reforestation is not fmssbut forest restoration should be
targeted in areas where it will knit together fofesgments or in riparian areas where it
will also benefit water quality and aquatic biofe&rom a regional perspective, intensive
land management that is aimed at maximizing ditseegithe local level may negatively
impact regional diversity.

Other species of manangement concern that arerepdesented in status 1 and 2 lands
include a few that are associated with beach aneé dabitats. Others are associated
with freshwater tidal wetlands, bogs, or seepsnad@ment gaps may exist for other
species that are associated with old growth fooedtr those that require snags (i.e., for
nest cavities) or coarse woody debris. It sholdd be recognized that some “protected”
habitats may be threatened by factors that aredliffo manage for, such as sea level
rise and salt-water intrusion.

One of the project area’s most important specissrablages is found on Pea Patch

Island in the upper Delaware Bay, where nine wading species nest in the largest
rookery north of Florida. Although this rookeryshstatus 2 protection, most of these
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species travel far from the rookery to forage, sindf them have less than 10% of their
predicted distributions occurring within statusrl2dands. Another important
assemblage includes several vernal pool-breedimgnémans in the Blackbird-Millington
Corridor on the upper Coastal Plain of Maryland Bretbware. These species depend on
the extensive hardwood forests surrounding theieting pools, and much of this area,
which also appears to be the most important hoigpbie project area for rare
amphibians, remains unprotected or in status 3 sk

Areas of highest rare bird species richness agpezaorrespond with the heavily forested
regions of the project area, especially where thesdarge blocks of unbroken forest and
expansive riparian and palustrine forests. Manyese hotspots remain unprotected.
Riparian forests in western Maryland appear to stpe largest numbers of rare
mammal species, and hotspots for rare reptilestatsbto be associated mostly with
riparian areas. When considering all taxonomiaigsocombined, areas of highest
species richness tend to correspond mostly witksted areas, especially along
headwater streams and in other riparian situations.

The results of this coarse-scale analysis offeggonal perspective on gaps in the
protection of biodiversity. Because this was a&¢hstate project, there may be significant
state-level habitat conservation needs that weeesbadowed by the regional-level
priorities that were identified. For example, thare some significant rare species
hotspots in Delaware that are relatively small cared to some of the hotspots in
Maryland and New Jersey. Also, only two of the@mysiographic provinces found in
the project area are represented in Delaware. rAsudt, there are some rare species
assemblages that are found in Maryland and Neveyéesg., in the mountains) that are
not found in Delaware. At a minimum, the resultshts project should be useful in
identifying regional-level conservation prioritiaad geographic areas in need of further
investigation. State-level conservation plannifigres may also benefit from the results
of this analysis, but the data are not intendedi$erin applications which require a high
level of precision, such as efforts to establigjaly-defined boundaries of new nature
preserves.

It is also important to note that there are mamng pdant communities which require a
level of conservation assessment that is beyonddbge of this project, and there are
other animal groups (e.g., insects, aquatic speaieeh were excluded from this
analysis. Important migratory bird staging areasenalso excluded from the analysis.
Biodiversity conservation planning efforts shoutthsider GAP data as complementary
to data sets that identify important migratory kstdging areas and habitats, and
additional efforts should be directed toward idgmpg gaps in the protection of rare
plant communities, insects and aquatic species.

Vertebrate species models and predicted distribsitveere subjected to the minimum
required accuracy assessment. Overall model agcwras very close to meeting the
minimum standard (>= 80%), but model accuracy éone species fell short of this
standard. A process for outside expert review seasip, but resource constraints
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prevented its implementation. Additional accurasgessments, including outside expert
review, may lead to a better understanding of mbatatiations and appropriate uses, and
facilitate improvements and refinements in modéleere were many delays in
completing this project and, as a result, all ef data sets are out-of-date. Ideally, the
landcover should be updated from recent satettiggery, and vertebrate models should
be rerun using updated modeling layers. Many ssuof error and solutions for refining
and improving the accuracy of the landcover haenbdentified, and these
improvements will lead to more accurate vertebdegtribution maps.

Updates and refinements in species ranges shaddalconsidered. For example,
Breeding Bird Atlas data are available for all thezates at a much finer resolution than
was used in this project. The BBA block unit igesixth the size of the 7.5-minute
guadrangle used for rare species modeling, anghiaimately one-twenty-fifth the size
of the hexagon used for modeling most common spedieptile and amphibian atlas
efforts are also underway in at least two of thhedlstates. The addition of a detailed
soils overlay would improve model accuracy for sal/epecies, as would overlays
depicting vegetative structure and surficial gegloglowever, completing these updates
and improvements in a timely manner will requirbstantial resources.

Many changes in land ownership have likely occusiede the land stewardship layer
was completed. An accurate update of the anabjsise conservation status of land
cover classes and vertebrate species will regbhé@ethese land ownership changes be
incorporated into the stewardship layer.

Many useful data sets were developed through tfoste Where the gaps in biodiversity
protection identified through this effort agreewihe priorities of other conservation
planning efforts, this layer of information may pide added justification for

conservation actions. Some of these other efioctade Maryland’s Green

Infrastructure Assessment, New Jersey’s Landsceged® and Delaware’s Wildlife
Action Plan. Where identified gaps do not agrethwonservation targets of other

efforts, these gaps should be further investigatedhddition to identifying species that
are lacking adequate protection or managementsorertheir continued existence within
the project area, potential species richness htgsplaich aren’t currently protected have
been identified and should receive attention inseovation efforts or field investigations.
MDN-GAP data sets will be made available to fedaral state natural resource agencies,
and private conservation organizations for usel@miifying habitat conservation

priorities. These data sets include the Wildlifgbifat Relationships database and habitat
summary documents for all species, several GISdaysed in the habitat modeling (e.qg.,
habitat, wetland buffer, forest fragmentation nustyj species’ ranges by hexagon and/or
7.5-minute quadrangle (rare species), predictedispélistributions (i.e., maps, raster
grids) by habitat, and species richness grids.
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Chapter 6: Product Use and Availability

6.1 How to Obtain the Products

It is the goal of the Gap Analysis Program anduls€S Biological Resources Division
(BRD) to make the data and associated informatsowielely available as possible. Use
of the data requires specialized software calledyggohic information systems (GIS) and
substantial computing power. Additional informatimm how to use the data or obtain
GIS services is provided below and on the GAP hpage (URL below). While a CD-
ROM of the data will be the most convenient wagltain the data, it may also be
downloaded via the Internet from the national GAlme page at:

http://gapanalysis.nbii.gov/

The home page will also provide, over the long tdima status of our state's project,
future updates, data availability, and contactghiwia few months of this project's
completion, CD-ROMs of the final report and datawgd be available at a nominal cost--
the above home page will provide ordering inform@tiTo find information on this state
GAP project's status and data, follow the link8Garrent Projects" and then to the
particular state of interest.

Additional options for obtaining MDN-GAP productsagnbe available in the near future.
For current information, please contact:

Rick McCorkle

U.S. Fish & Wildlife Service
2610 Whitehall Neck Road
Smyrna, DE 19977
302-653-9152, ext. 117
302-653-9421 (fax)
richard_mccorkle@fws.gov

6.1.1 Minimum GIS Required for Data Use

The MDN-GAP animal species distribution data setgehbeen successfully used on Intel
Pentium-class machines running Windows NT/2000/X#R wrcMAP 8.1 and ArcView
3.2X.

These large data layers will require several gitgbpf hard disk space, but can be
successfully used on machines that meet the minitmanaware requirements for ESRI
software.

6.2 Disclaimer
Following is the official Biological Resources Dswon (BRD) disclaimer as of 29
January 1996, followed by additional disclaimemsfrGAP. Prior to using the data, you
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should consult the GAP home page (see How to OkbtaiData, above) for the current
disclaimer.

Although these data have been processed succgssiudl computer system at the BRD,
no warranty expressed or implied is made regarthiagaccuracy or utility of the data on
any other system or for general or scientific pgg® nor shall the act of distribution
constitute any such warranty. This disclaimer aggpboth to individual use of the data
and aggregate use with other data. It is stroregigmmended that these data are directly
acquired from a BRD server [see above for appralatd providers] and not indirectly
through other sources which may have changed tiaeidaome way. It is also strongly
recommended that careful attention be paid to tmtent of the metadata file associated
with these data. The Biological Resources Divishall not be held liable for improper
or incorrect use of the data described and/or auedaherein.

These data were compiled with regard to the folhgnstandards. Please be aware of the
limitations of the data. These data are meant tosled at a scale of 1:100,000 or smaller
(such as 1:250,000 or 1:500,000) for the purpossséssing the conservation status of
animals and vegetation types over large geograpgions. The data may or may not
have been assessed for statistical accuracy. Dakaagion and improvement may be
ongoing. The Biological Resources Division makeglam as to the data's suitability for
other purposes. This is writable data which mayehaaen altered from the original
product if not obtained from a designated dataiBistor identified above.

6.3 Metadata
Proper documentation of information sources andgsses used to assemble GAP data
layers is central to the successful applicatio®AP data.

Metadata is a description of the content, qudimgage, contact, condition, and other
characteristics of data. It is a valuable tool fhraiserves the usefulness of data over time
by detailing methods for data collection and datacseation. It greatly minimizes
duplication of effort in the collection of expeneidigital data and fosters sharing of
digital data resources. Metadata supports local dsset management such as local
inventory and data catalogs, and external user aamtias such as Clearinghouses and
websites. It provides adequate guidance for encappkcation of data such as detailed
lineage and context. Metadata makes it possiblddta users to search, retrieve, and
evaluate data set information by providing standadidescriptions of geospatial and
biological data.

The Federal Geographic Data Committee approve@dmtent Standard for Digital
Geospatial Metadata (FGDC-STD-001-1998) in June&3 E81 NBII
(<http://www.nbii.gov>) developed the Biological @aProfile (approved in 1999) that
adds fields for biological information such as tagmy, analytical tools, and
methodology to the FGDC standard core set of elésnen
<http://www.nbii.gov/datainfo/metadata/standardSkecutive Order 12906 requires that

100



any spatial data sets generated with federal doldl have FGDC-compliant metadata.

Each spatial data layer submitted must be accoragdny its metadata (*.xml or .sgml
file) in the same directory. You must also inclaheadditional directory (called
"meta_master') which will include each metadatifil four forms (*.txt, *.xml, *.html,
and *.sgml).

There are many tools available for metadata cneakor some examples, see
<http://www.nbii.gov/datainfo/metadata/tools/> Feanote that some tools are free, and
some are not. The redundancy in output format awide one file for error checking
(*.txt), one for presentation on the Internet (i), and two for indexing elements for
the spatial data clearinghouse (*xml, *.sgml). Rerber, metadata describes the
development of the spatial data set being docurdetitthere are companion files to the
GIS data, use metadata to reference (reports,dgireat, another GIS layer).

USGS (NBII and FGDC) personnel conduct metadataitrgito meet FGDC standards
and to include biological data. The metadata wavkgbrovides an introduction to the
metadata standard with hands-on practice prodwmegmentation for a sample data set
using appropriate software: Intergraph’s “Spati@tdiata Management System
(SMMS)” and USDA Forest Service North Central Resle&tation’s “Metavist” are
commonly used. The focus of the workshop is aretstdnding of the metadata
standard, but other topics will include the metadd¢aringhouse, metadata development
tools, and strategies for metadata production. See
<http://www.nbii.gov/datainfo/metadata/trainingfer imore information and access to the
training calendar.

6.4 Appropriate and Inappropriate Uses of the Data

All information is created with a specific end wseuses in mind. This is especially true
for GIS data, which is expensive to produce andtineglirected to meet the immediate
program needs. For GAP, minimum standards wergssetA Handbook for Gap
Analysis, Scott et al. 1993) to meet program objest These standards include: scale or
resolution (1:100,000 or 100 hectare minimum magppinit), accuracy (80% accurate at
95% confidence), and format (ARC/INFO coveragelgrid

Recognizing, however, that GAP would be the fasil for many years likely the only,
source of statewide biological GIS maps, the daeewreated with the expectation that
they would be used for other applications. Theesfare list below both appropriate and
inappropriate uses. This list is in no way exhawshiut should serve as a guide to assess
whether a proposed use can or cannot be support@db data. For most uses, it is
unlikely that GAP will provide the only data needadd for uses with a regulatory
outcome, field surveys should verify the resulttia end, it will be the responsibility of
each data user to determine if GAP data can arnsweyuestion being asked, and if they
are the best tool to answer that question.
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Scale:First we must address the issue of appropriale scavhich these data may be
applied. The data were produced with an intend@ticgtion at the ecoregion level, that
is, geographic areas from several hundred thoutsantllions of hectares in size. The
data provide a coarse-filter approach to analysesaning that not every occurrence of
every plant community or animal species habitatapped, only larger, more generalized
distributions. The data are also based on the UBG®),000 scale of mapping in both
detail and precision. When determining whethemiohaGAP data to a particular use,
there are two primary questions: do you want totheelata as a map for the particular
geographic area, or do you wish to use the dgtaaade context for a particular area?
The distinction can be made with the following exéden You could use GAP land cover
to determine the approximate amount of oak woodtawirring in a county, or you
could map oak woodland with aerial photographyetednine the exact amount. You
then could use GAP data to determine the approripatcentage of all oak woodland in
the region or state that occurs in the county,thond gain a sense of how important the
county's distribution is to maintaining that plaommunity.

Appropriate UsesThe above example illustrates two appropriates w$¢he data: as a
coarse map for a large area such as a countypamovide context for finer-level maps.
The following is a general list of applications:
- Statewide biodiversity planning
Regional (Councils of Government) planning
Regional habitat conservation planning
County comprehensive planning
Large-area resource management planning
Coarse-filter evaluation of potential impacts onéks of major projects or plan
initiatives on biodiversity, such as utility or tigportation corridors, wilderness
proposals, regional open space and recreation patgcetc.
Determining relative amounts of management respditgifor specific biological
resources among land stewards to facilitate cotigermanagement and planning.
Basic research on regional distributions of plamd animals and to help target both
specific species and geographic areas for neededneh.
Environmental impact assessment for large progcisilitary activities.
Estimation of potential economic impacts from logbiological resource-based
activities.
Education at all levels and for both students atiziens.

Inappropriate Usesdt is far easier to identify appropriate uses theappropriate ones,
however, there is a "fuzzy line" that is eventuallgssed when the differences in
resolution of the data, size of geographic areagbanalyzed, and precision of the answer
required for the question are no longer compatibi@mples include:
- Using the data to map small areas (less than thdssaf hectares), typically

requiring mapping resolution at 1:24,000 scale asidg aerial photographs or

ground surveys.

Combining GAP data with other data finer than 1;000 scale to produce new

hybrid maps or answer queries.
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Generating specific areal measurements from treefdedr than the nearest thousand
hectares (minimum mapping unit size and accuraegtthis precision).

Establishing exact boundaries for regulation ougiton.

Establishing definite occurrence or non-occurresfcany feature for an exact
geographic area (for land cover, the percent acgwwdl provide a measure of
probability).

Determining abundance, health, or condition of f@ayure.

Establishing a measure of accuracy of any other lokatomparison with GAP data.
Altering the data in any way and redistributingrthas a GAP data product.

Using the data without acquiring and reviewing tiietadata and this report.
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Glossary of Terms

alliance level - a land unit made up of an "alliethof natural communities that have the
same dominant or co-dominant plant species oharabsence of vegetation, by the
dominant land cover typically described accordim¢hie Anderson land cover
classification (see "Natural Community Alliance"@rossman et al. 1995)

anthropogenic - caused by man

assemblages - a group of ecologically interrelatadt and animal species

biodiversity - generally, the variety of life and interrelated processes

biological diversity - see biodiversity

cell - the smallest spatial unit in a GRID-formaster data structure

classify - to assign objects, features, or areamoimage to spectral classes based upon
their appearance as opposed to “classificatiorérrigfy to a scheme for describing the
hierarchies of vegetation or animal species foaraa

coarse filter - the general conservation activitiest conserve the common elements of
the landscape matrix, as opposed to the "fing'fitenservation activities that are aimed
at special cases such as rare elements (see J&AKib)s

community - a group of interacting plants and amsma

cover type - a non-technical higher-level florisditd structural description of vegetation
cover

cross-walking - matching equivalent land cover gates between two or more
classification systems

datum — A set of parameters and control points ts@dcurately define the three-
dimensional shape of the earth (e.g., as a spherdlte corresponding datum is the basis
for a planar coordinate system. For example, thkiNAmerican datum for 1983
(NAD83) is the datum for map projections and cooaties within the United States and
throughout North America.

ecoregion - a large region, usually spanning séweithon hectares, characterized by
having similar biota, climate, and physiography¢tgraphy, hydrology, etc).
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ecosystem - a biological community (ranging in ededm a single cave to millions of
hectares), its physical environment, and the pseEethrough which matter and energy
are transferred among the components

element - a plant community or animal species mayeGAP. May also be referred to
as "element of biodiversity".

error of commission - the occurrence of a spe@esther map category) is erroneously
predicted in an area where it is in fact absent

error of omission - when a model fails to predie bccurrence of a species that is
actually present in an area

extinction - disappearance of a species througit®entire range

extirpation - disappearance of a species fromgfats range

fine filter - see "coarse filter"

floristic - pertaining to the plant species thatkeap the vegetation of a given area.
gamma diversity - the species diversity of a laags¢ generally covering 1,000 to
1,000,000 hectares, made up of more than one Kindtaral community (see Whittaker
1977)

gap analysis - a comparison of the distributioelements of biodiversity with that of
areas managed for their long-term viability to idlgrelements with inadequate

representation

geographic information systems - computer hardwarckesoftware for storing, retrieving,
manipulating, and analyzing spatial data

habitat - the physical structure, vegetational cosition, and physiognomy of an area,
the characteristics of which determine its suitgbibr particular animal or plant species

hectare - a metric unit of area of 10,000 squarers@and equal to 2.47 acres

hex/hexagon - typically refers to the EPA EMAP Igexa@al grid of 650 square kilometer
units

metadata - information about data, e.g., their@@umeage, content, structure, and
availability

minimum mapping unit - the smallest area that [@ated on a map
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physiographic province - a region having a pattdrelief features or land forms that
differ significantly from that of adjacent regions

pixel - the smallest spatial unit in a raster dstacture

polygon - an area enclosed by lines in a vectoeth&eographic Information System
data layer or a region of contiguous homogeneaxs$in a raster system

range - the geographic limit of the species
range unit - a spatial, geographic unit to record display species geographic range.
reach - a stream or river segment between inflownbgtaries

remote sensing - deriving information about thélésuisurface from images acquired at a
distance, usually relying on measurement of elecignetic radiation reflected or
emitted from the feature of interest

resolution - the ability of a remote sensing systemecord and display fine detail in a
distinguishable manner or: the smallest featuredha be distinguished or resolved on a
map or image, such as a TM pixel

scale, map - the ratio of distance on a map t@wics in the real word, expressed as a
fraction; the smaller the denominator, the larpergcale, e.g. 1:24,000 is larger than
1:100,000

species richness - the number of species of ecphatiinterest group found in a given
area

tessellation - the division of a map into areasaial and uniform shape such as the
EPA- EMAP hexagon

transect - a transversely cut line along which ma&sand biological observations are
made

Universal Transverse Mercator - one of several pragections or systems of
transformations that enables locations on the sgdiearth to be represented
systematically on a flat map

vector format - a data structure that uses polygamts (lines), and points as fundamental
units for analysis and manipulation in a Geograjtficrmation System

wildlife habitat relationship model - a method wiking patterns of known habitat use by

animal species with maps of existing vegetatioarehy identifying the spatial extent of
important habitat features for use in conservagiot management.
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Glossary Of Acronyms

AML ARC/INFO Macro Language

BBA Breeding Bird Atlas

BRC Biodiversity Research Consortium

BRD Biological Resources Division

CDC Conservation Data Center

DEM Digital Elevation Model

DLG Digital Line Graph

DNR Department of Natural Resources

ELU Ecological Land Unit

EMAP Environmental Monitoring & Assessment Program
EPA Environmental Protection Agency

ESRI Environmental Systems Research Institute
FAD Forest Area Dependent

FGDC Federal Geographic Data Committee

FID Forest Interior Dwelling

GAP Gap Analysis Program

GIS Geographic Information System

HSI Habitat Suitability Index

MDN-GAP Maryland-Delaware-New Jersey Gap Analysigj&tt
MDDNR Maryland Department of Natural Resources
MMU Minimum mapping unit

NBII National Biological Information Infrastructure
NBS National Biological Service

NED National Elevation Data

NHP Natural Heritage Program

NJDEP New Jersey Department of Environmental Ptiotec
NLCD National Land Cover Data

NWI National Wetlands Inventory (USFWS)

NWR National Wildlife Refuge

SCM Species Conservation and Modeling software
SF State Forest

SHF Special Habitat Feature

SP State Park

STATSGO State Soil Geographic Database

TNC The Nature Conservancy

URL Universal Resource Locator

USFWS US Fish & Wildlife Service

USGS United States Geological Survey

UTM Universal Transverse Mercator

VAT Value Attribute Table

WHRM Wildlife habitat relationship model

WMA Wildlife Management Area
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Appendices

Appendix A: Example GAP Applications

Businesses and Non-government Organizations

The following are some examples of application&8#f data by the private sector:
The Wyoming Natural Heritage Program (a private-gosernment organization)
transformed the endangered and sensitive spediaisad® into a spatially referenced
digital geographic information system using the Glgital base map and other GAP
spatial data.
Hughes Corp. is experimenting with the Utah andadevGAP digital base maps,
simulating images to aid the development of nevesgmsed remote sensing devices.
The Nature Conservancy used the Wyoming GAP dadavelop a map of
ecoregions of Wyoming.
Weyerhaeuser Corp. is using the Arkansas GAP datenaging their lands in
Arkansas.
IBM Corp. is funding a project at the University@©élifornia-Santa Barbara that, in
part, uses GAP data in the development of visuabizaoftware.
NM-GAP vegetation data is being used for an envirental assessment of a
proposed spaceport, a state/private venture.

County and City Planning

Some other examples of the use of GAP by local gowents are:
CA-GAP biological data were combined with the SeuthCalifornia Association of
Governments (SCAG) land ownership data to show kvbignerships and
jurisdictions were needed for joint conservaticanpliing and management of a
particular natural community or species, maximizfigciency and minimizing the
potential for yet another conservation crisis.
In California, county and city planners of sevguaisdictions, wildlife agencies,
developers of the 4S Ranch property, and the Blatigral Communities
Conservation Planning program used the GAP regidai@, as well as more detailed
information, to conserve 1,640 acres of habitahiwit 2,900-acre planned
development.
Day-to-day county planning operations in Piute,r@g and Washington counties,
Utah.
County planners in Piute County, Utah, used GAR tabptimize the siting of a
proposed sawmill for aspen with respect to theitistion of aspen stands.
Missoula County, Montana, used the GAP land covap of the area as a base map
for its comprehensive long-range plan.
Snohomish County, Washington, used the GAP lanércmap in meeting state
requirements for a growth management plan.
The City of Bainbridge Island, Washington, used Gksfea to assist them in
development of a watershed planning project.
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State Uses

The following are some examples of uses of GAP bwtstate agencies.

- The GAP database of species habitats was useca Ayetinessee Wildlife Resources
Agency (TWRA) to update its book "Species in NeeéManagement.”
Images of land cover derived from GAP TM data aeduy TWRA for locating
particular habitat types. Information on the logas of these habitat types is provided
by TWRA to the public for a wide variety of pubBervice functions, from education
to cooperative resource management.
Early GAP data developed by TWRA were used to iadptify an extremely
important area of the state with high biodiversitgt was subsequently purchased by
the state for conservation.
Preliminary findings from GAP were used by TWRAd@velop three resource
management initiatives.
The Tennessee GAP project, which is being carnggomarily by TWRA, is the
foundation of a multi-agency, long-term biodiveygtogram for Tennessee.
GAP data have been used by the Tennessee Foréstrgr8ship Program to help
develop a district program for nine conservaticamping districts, outlining Best
Management Practices (BMPs) for biological consgomaon private lands.
GAP data are being used extensively by TWRA inpiiegaration of project
proposals to the North American Waterfowl ConseovaProgram. These proposals
require that biodiversity issues are addresse@egiBc detail. The use of GAP data
on occurrence of land cover types and terrestagkbrates has made this possible.
The Wyoming Department of Fish and Game used GA® tdaassist them in
transforming the Wildlife Observation System datsbmmto a spatially referenced
geographic information system.
The Utah Division of Wildlife Resources and the BBaver Water Conservancy
District used the Utah GAP land cover map in aues® management assessment for
mitigating conflicts between a proposed groundwatiéndrawal project and the
maintenance of an elk calving area in the Uinta Mauns.
The Utah Division of Wildlife Resources, the RodWguntain Elk Foundation, and
Sheik Safari International used the Utah GAP lamekc map to identify critical elk
habitat. The environmental profile of these areas then used to identify other
similar areas for elk habitat enhancement.
The Utah Division of Wildlife Resources used thaltuGAP land cover map for a
rapid ecological assessment of the Echo HenefatliéilManagement Area.
The Washington Department of Fish and Wildlife u&%P data to develop a
breeding bird atlas and an atlas of mammals of \Mgtin State.
The Washington Department of Fish and Wildlife us#d® data to operate an
integrated landscape management program.
The Washington Department of Fish and Wildlife uSéd® data from Eastern
Washington to assist with an innovative progrant binengs the forest products
industry, state agency biologists, non-governmegémizations, and tribal biologists
together in the field to jointly determine the agmiate management practices for any
particular site of concern (Timber, Fish & WildliRrogram).

116



The Idaho Department of Fish and Game used GAPtd&wzaluate the impact from
expanded military training activities on public ¢Enin Southern Idaho.

The Idaho Department of Fish and Game uses GAPfalatagional planning efforts
on a regular basis.

Statewide Planning

Biodiversity planning programs or projects are nowder way in Arizona, California,
Colorado, Maine, Missouri, Nevada, Oregon, and €eree. It is likely that similar

efforts will develop in other states. These adegitwere the subject of the State
Biodiversity Programs meeting discussed on pagethis report. In some cases, these
efforts grew out of the state GAP project, howewremost cases, the GAP data are being
used to meet a previously defined need. In all;aSAP data are central to their
development and operations. The goals of eachesktprograms or projects are
presented briefly below.

Federal Agency Applications

Some examples of applications of GAP data by fé@g@ncies follow:

- GAP data are being supplied to all military instatins in the Great Basin ecoregion
for integrated management of the natural resouiidesse installations constitute a
very large amount of land area. Much of it is @thvalue for native species.

The Ouachita National Forest used the Arkansas @& to help them develop an
ecosystem management plan.

The Wyoming GAP data were used by NASA to calibeateodel that predicts
vegetation types based on climate and soil varsable

The potential contributions to biodiversity conssron of four different options
proposed for new wilderness designation in Idahewgeiantified by the Idaho
Cooperative Fish and Wildlife Research Unit in cagpion with the Park Studies
Unit.

The potential contributions to biodiversity conssron of four different options
proposed for new national park designation in Idalce quantified by the Idaho
Cooperative Park Studies Unit.

The U.S. Forest Service in Booneville, Arkansasdufie Arkansas GAP data land
cover maps in a 3-dimensional presentation to pgeothe public with a visual
representation of the region and to enhance thicfsiimvolvement with the National
Forest planning process.

The U.S. Fish and Wildlife Service regularly udes GAP data for Southern
California for habitat evaluation and management.

The U.S. Forest Service, Bureau of Land Managenagiat National Park Service are
using the GAP data for a wide variety of naturabrgce management operations in
Utah. For example, the entire Utah GAP databadeestly linked with existing
National Park Service databases for use by Natidagds.

The Bureau of Land Management uses the Wyoming @s&®& for managing the
Buffalo Resource Area.

The U.S. Forest Service used the Utah GAP datalfodssist them in evaluating
human-induced impacts to forested lands surrounskngesorts in central Utah.
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The U.S. Fish and Wildlife Service in Delaware u&&P data to help identify
potential habitat for the federally endangered Cxira fox squirrel. These maps were
displayed and served as a catalyst for bringingtteey people with a stake in the
issue.

The U.S. Fish and Wildlife Service used the Indi@#éP data as part of a biological
assessment for the base closure of the JefferemmgrGrounds and its conversion
to a National Wildlife Refuge. This 58,000-acretatistion has restricted human
access due to unexploded ordinance and contains ebthe highest-quality natural
habitat in Indiana.

The U.S. Fish and Wildlife Service in Louisianadis2AP data to avoid conflict over
the designation of critical habitat of the fedgrahdangered Louisiana black bear.
The NOAA Coastal Marine Sanctuary in WashingtoneStses GAP data for an
educational display.

In Washington and New Mexico, digital land covemps&ave been distributed to all
National Forests.

The U.S. Natural Resources Conservation ServiceJ8)Rn New Mexico is

using a GAP clustered imagery as a base for taed tover mapping activities.

The Department of Defense is funding the develogrokan electronic
environmental information system for the Mojaveregion, which would use GAP
data as a foundation or base layer of informafidre system will link 29 DoD
installations to a common source of environmemtirmation.
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APPENDIX B: HABITAT TYPES OF THE EASTERN UNITED ST ATES:
Eastern Forests - Kricher (1988):

Eastern Forest Communities:

Boreal Forest white spruce, black spruce, balsam fir, paparhhiaspen, balsam poplar,
tamarack, e. hemlock, w. pine, r. pine, |. piregl spruce, Fraser fir

Boreal Bog black spruce, tamarack, n. white-cedar, oldeshagbalsam fir, paper
birch, balsam poplar, black ash

Jack Pine Forest jack pine, red pine, red maple, aspens, papeh bilack spruce

Northern Hardwood Forest: yellow birch, sugar maple, American beech, e.lbeky w.
pine, r. pine, n. red oak, gray birch, paper high cherry, balsam poplar, American
mountain-ash, mountain maple, red spruce

New England Alpine Community. stunted balsam fir, black spruce, mountain birch

Beech-Maple Forest American beech, sugar maple, Ohio buckeye, vaslte tuliptree,
white oak, e. hemlock, flowering dogwood, witclzéla

Maple-Basswood Forestsugar maple, American basswood, n. red oak, Araerelm,
slippery elm, butternut, flowering dogwood

Oak-Hickory Forest: n. red oak, s. red oak, black oak, scarlet odiitenoak, chestnut
oak, other oaks, pignut hickory, mockernut hickdniyternut hickory, American
chestnut, flowering dogwood, sassafras, hophombbeackberry, green hawthorn
(mesic- tuliptree, A. elm, sweetgum, shagbark dwigkdisturbed- black locust, gray
birch, e. red cedar, aspen, pitch pine, w. pieays lnak)

Northern Riverine (Floodplain) Forest eastern cottonwood, black willow, American
elm, slippery elm, e. sycamore, speckled aldermiash, black ash, red maple, silver
maple, shagbark hickory, boxelder, river birchsdv@ood, swamp white oak, pin oak,
balsam poplar

Northern Swamp Forest red maple (abundant), Atlantic white-cedar, nitedsedar,
black tupelo, sweetgum, speckled alder, black @ashmp white oak, cherrybark oak,
willow oak, A. elm, A. holly, e. hemlock, balsaim f

Northern Pine-Oak Forest pitch pine, Virginia pine, bear oak, blackjaclkpahinkapin
oak, scarlet oak, post oak, black oak, e. redrceda

Southern Mixed Pine-Oak Forest longleaf pine, loblolly pine, shortleaf pine, st
pine, Virginia live oak, turkey oak, post oak, mhgmoak, laurel oak, s. red oak,
common persimmon, S. catalpa, hickories, hawthansayberry, Carolina holly

White-cedar Swamp Forest A. white-cedar (abundant se/coastal plain), ntevh
(abundant interior states, boreal region), redleydamarack, (boreal- black spruce,
balsam fir, balsam poplar)

Appalachian Cove Forest white basswood, Carolina silverbell, tuliptreellgw
buckeye, sugar maple, red maple, yellow birchcheehite ash, bigleaf magnolia,
allegheny chinkapin, bitternut hickory, e. hemlpetc.(high diversity)

Appalachian Heath Balds catawba rhododendron, rosebay rhododendron, fearakea

Southern Hardwood Forest s. magnolia, magnolia sp., Virginia live oak, coon
persimmon, pecan, w. oak, laurel oak, redbay, pawp\. beech, black tupelo,
sweetgum, hackberry, sourwood, hickory sp.
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Southern Riverine Forest baldcypress, pondcypress, redbay, swamp tupet@rw
tupelo, black willow, swamp cottonwood, A. whitedar, A. elm, water hickory,
common persimmon, red maple, Carolina ash, grelenbeax-elder, e. sycamore

Southern Mixed Hardwood Swamp Forestblack tupelo, water tupelo, sweetgum, red
maple, swamp hickory, water hickory, e. sycamsweamp chestnut oak, overcup oak,
cherrybark oak, water oak, willow oak, pawpaw, stiay, sourwood, deciduous
holly

Other Communities Mentioned:
Rocky Outcrops
Beaches and Dunes
Northern Old Fields
Southern Old Fields

Eastern U.S. - DeGraaf et al(1991):

Eastern Forest Types:

White-Red-Jack Pine e. white pine (northeast, Appalachians), red flirade States,
Canada), jack pine (Lake States)

Spruce-Fir: red spruce, balsam fir, paper birch, aspen, raplen eastern white pine, n.
white cedar

Longleaf-Slash Pine longleaf pine, slash pine, hardwoods

Loblolly-Shortleaf Pine: loblolly, shortleaf, upland oaks

Oak-Pine: upland oaks, loblolly pine, shortleaf pine, Vi@ pine, pitch pine

Oak-Hickory : upland oaks, hickories, pines

Oak-Gum-Cypress tupelo, blackgum, sweetgum, oak, bald cypre$swapines

EIm-Ash-Cottonwood: elm sp., ash sp., cottonwood, red maple, sycamollew, red
maple, American beech

Maple-Beech-Birch sugar maple, red maple, American beech, yelloshbbalsam fir,
red spruce, aspen, n. red oak, white ash, e. W& paper birch, e. hemlock

Aspen-Birch: quaking aspen, bigtooth aspen, paper birch

Eastern Non-forest Types:

Field, Glade, Orchard Lake, Stream, River
Pasture, Wet, or Sedge Meadow Sand Pine, Scrub Oak
Fresh Marsh, Pond Pocosins

Wooded Swamp, Bog, Shrub Swamp  Alpine Tundra, Krummholz

New England - DeGraaf and Rudis (1986):
Forest Types/Subtypes:

Aspen-Birch
Aspen quaking aspen, bigtooth aspen, paper birch, pénrg
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Birch: paper birch, quaking aspen, bigtooth aspen, mafgsared spruce, white pine,
yellow birch, hemlock

Northern Hardwoods: sugar maple, beech, yellow birch; grades in sautiN.E. to
mixed with basswood, red maple, hemlock, white agtite pine, balsam fir, black
cherry, paper birch, sweet birch, red spruce
Sugar Maple/Ash sugar maple, white ash, yellow birch subtype oodysoils
Beech/Birch/Maple sugar maple, beech, yellow birch; typical subtgpedrained
soils
Beech/Red Maple beech, red maple, northern red oak, some softsv(gqtuce,
hemlock, white pine)

Swamp Hardwoods
Red Maple red maple, yellow birch, balsam fir, sugar maplack gum, sycamore,
red spruce, silver maple

Spruce-Fir
Balsam Fir: balsam fir, paper birch, aspen, red spruce, fitewdedar, hemlock, red
maple
Red Spruce red spruce, balsam fir, paper birch, yellow bimigar maple, red
maple, mountain ash, eastern white pine, eastanidck
Red Spruce-Balsam Fir red spruce, balsam fir, red maple, paper birehow birch,
aspens, white pine, hemlock, black spruce, tarkaraavhite-cedar

Eastern Hemlock e. hemlock, beech, sugar maple, yellow birch,negble, black
cherry, white pine, n. red oak, white oak, swewethh paper birch, balsam fir, red
spruce

Oak-Pine Types
Oak-Pine: n. red oak, w. pine, black oak, white oak, chetstrak, red maple, aspen,
gray birch
Pitch Pine pitch pine, aspen, gray birch, red maple, white pblack oak, white oak,
bear oak
Mixed Oak-Hardwood: n. red oak, maple sp., oak sp., birch sp., askpty sp.
Old-field Pine: white pine, red cedar
White Pine-Northern Red Oak-Red Maple n. red oak, e. white pine, red maple,
white ash, paper birch, yelllow birch, sweet bjrebigar maple, beech, hemlock, black
cherry
Northern Red Oak: n. red oak, black oak, scarlet oak, chestnut bakories, red
maple, black cherry, sugar maple, white ash, Acaerbeech
Eastern White Pine w. pine, red pine, hemlock, pitch pine, gray bjraspen, red
maple, white oak, birch sp., white ash, black gher. red oak, sugar maple, hemlock,
red spruce, n. white cedar

Upland Nonforested Habitats:

Cultivated Fields Savanna
Forb Openings Orchards
Grass Openings Krummholz
Shrub/Old Fields Openings Alpine
Pasture
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Wetland Nonforested Habitats:
Palustrine-

Sedge Meadows

Shallow Marshes

Deep Marshes

Shrub Swamps shrub buttonbush, alder, dogwood, red maple,andsh
Bogs peat

Ponds

Deepwater-

Lakes

Riverine-

Streams

Rivers

Riparian

Special Features:

Stable Banks

Cliffs, Ledge, Talus, Outcrops
Caves

Structures

Southeastern U.S. - Hamel (1992):

Pine Savannalongleaf pine, slash pine, Florida slash pine

Southern Scrub Oak scrub oaks

Sand Pine-Southern Scrub Oaksand pine, srub oaks

Longleaf Pine-Scrub Oak longleaf pine, scrub oaks

Sandhills Longleaf Pine longleaf pine, some hardwoods

Southern Mixed Mesic Hardwoods beech, southern magnolia, Georgia, Florida

Bay Swamp-Pocosinblackgum, swamp tupelo, red bay, sweet bay, Ipbbay

Pond Pine Pocosinpond pine, A. white-cedar

Longleaf Pine-Slash Pinelongleaf pine, slash pine

Oak-Gum-Cypress water tupelo, blackgum, sweetgum, oak sp., baldss,
intermediate between bay swamp-pocosin and elrtcaisbnwood

Live Oak Maritime : live oak Q. virginiang

EIm-Ash-Cottonwood: elm sp., cottonwood, ash sp.

Loblolly Pine-Shorleaf Pine loblolly pine, shortleaf pine, eastern redcedar

Virginia Pine-Pitch Pine: Virginia pine, pitch pine

Mixed Pine-Hardwood: loblolly pine, shortleaf pine, oak sp., Virgirpine

Oak-Hickory : upland oaks, hickory sp.

White Pine-Hemlock white pine, hemlock

Cove Hardwoods tuliptree, basswood, sugar maple, buckeye, vdate diverse

Maple-Beech-Birch sugar maple, beech, yellow birch

Spruce-Fir: red spruce, Fraser fir
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Eastern U.S. - Benyus (1989):

Sandy Beach and Dune

Salt Marsh

Mangrove Forest

Lake and Pond

River and Stream

Cattail Marsh

Everglades

Sedge Meadow

Shrub Swamp

Bog and Bog Forestbalsam fir, birch sp., black ash, black sprucéesnlock, red
maple, tamarack, A. white-cedar, n. white-cedanylss

Northern Floodplain Forest: American elm, ash sp., red maple, silver maplesr
birch, yellow-poplar, willow sp., sycamore, swaetg speckled alder, n. pin oak,
swamp white oak, water oak, hickory sp., Ameribatty

Southern Floodplain Forest Carolina ash, green ash, baldcypress, willowsater
tupelo, elm sp., cottonwood, sycamore, sweetgaedhay, red maple, silver maple,
hickory sp., cherrybark oak, n. pin oak, overcag,@ost oak, Shumard oak, swamp
oak, chestnut oak, water oak, willow oak

Grassy Field

Shrub-Sapling Opening/Edge

Aspen-Birch Forest bigtooth aspen, quaking aspen, balsam fir, pbjpen, alder sp.

Transition Forest: American basswood, red maple, sugar maple, ydbiogth, white ash,
n. red oak, e. white pine, e. hemlock, Americaecbe black cherry

Appalachian Cove Forest American beech, Carolina silverbell, birchesckum, e.
hemlock, e. white pine, tulip tree, white basswoshlite ash, black oak, northern red
oak, white oak, red maple, sugar maple, magnplighsckory sp.

Oak-Hickory Forest: American basswood, bur oak, n. pin oak, shingle blackjack
oak, chestnut oak, scarlet oak, chinkapin oakt, pals, Shumard oak, s. red oak,
bitternut hickory, mockernut hickory, pignut hiegkpshagbark hickory, e. white pine,
pitch pine, shortleaf pine, Virginia pine, sweeatguulip tree, blackgum, red maple,
sugar maple

Northern Needleleaf Forest
Spruce-Fir: balsam fir, black spurce, Fraser fir, red sprtamarack, white spruce,
aspens, poplar, birch sp., e. hemlock, n. whitacaed maple
Pine: e. white pine, jack pine, red pine, black oakpin.oak, n. red oak, scarlet oak,
white oak, aspens, poplar, birch sp., e. hemlocighite-cedar, red maple

Southern Needleleaf Forestloblolly pine, shortleaf pine (loblolly-shortle&drest);
longleaf pine, slash pine, saw-palmetto (longkdagh forest); blackgum, hickory sp.,
sweetbay, red maple, sweetgum, blackjack oakelaak, post oak, southern red oak,
water oak, white oak, willow oak (both)
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APPENDIX C — Table summarizing habitats definedbtyer authors and
proposed habitats for MDN-GAP

TYPE: PROPOSED |Kricher DeGraaf |Degraaf Hamel Benyus (1989)
(Gorham (1988) et al. and Rudis [(1992)
1998) (1991) (1986)
Uplands- Boreal Boreal Spruce-Fir | Spruce-Fir | Spruce-Fir |Northern
Forests Conifer Forest Needleleaf
Forest, Spruce-
Fir
Boreal Aspen- Aspen- Aspen-Birch
Hardwood Birch Birch Forest
Boreal Mixed
Jack Pine
Forest
White-
Red-Jack
Pine
Northern Eastern Northern
Conifers Hemlock Needleleaf
Forest, Pine
White Pine-
Hemlock
Northern White
Oak-Conifer Pine,
Northern
Red Oak
Northern Oak
Northern
Mixed
Hardwoods /
Conifer
Northern Transition
Hardwood Forest
Forest
Northern Beech- Maple- Northern |Maple-
Hardwoods |Maple Beech- Hardwoods | Beech-
Forest Birch - Beech/ |Birch
Birch /
Maple
Northern
Hardwoods
-Sugar
Maple/Ash
Mixed Maple-
Mesophytic | Basswood
Appalachian |Appalachian Cove Appalachian
Cove Cove Hardwoods | Cove Forest
Oak-Hickory |Oak-Hickory Mixed Oak- Oak-Hickory
Forest Oak- Hickory Forest
Hardwood
Oak-Hickory-
Pine
Mixed Oak /
Deciduous
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TYPE: PROPOSED |Kricher DeGraaf |Degraaf Hamel Benyus (1989)
(Gorham (1988) et al. and Rudis [(1992)
1998) (1991) (1986)
Oak-Pine
Mid-Atlantic | Northern Virginia
Oak-Pine Pine-Oak Pine-Pitch
Forest Pine
Oak-Pine |Oldfield Mixed Pine-
Pine Hardwood
Pine Barrens Pitch Pine
(in part)
Outcrop /
Talus Mixed
Woodland
Outcrop /
Talus
Deciduous
Woodland
Southern / Loblolly- Loblolly Southern
Coastal Pine- Shortleaf Pine- Needleleaf
Oak Pine Shortleaf Forest, Loblolly
Pine / Shortleaf Pine
Southern
Mixed Pine-
Oak Forest
Longleaf- Longleaf Southern
Slash Pine Pine-Slash |Needleleaf
Pine Forest,
Longleaf /
Slash Pine
Maritime Live Oak
Hardwood Maritime
Forest /
Woodlands
Maritime
Mixed Forest
/ Woodlands
Southern Pine
Pines Savanna
Sandhills
Longleaf
Pine
Sand Pine, Sand Pine-
Scrub Oak Southern
Scrub Oak
Longleaf
Pine-Scrub
Oak
Southern
Scrub Oak
Southern Southern Southern
Hardwoods Hardwood Mixed
Forest Mesic
Hardwoods
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TYPE: PROPOSED |Kricher DeGraaf |Degraaf Hamel Benyus (1989)
(Gorham (1988) et al. and Rudis [(1992)
1998) (1991) (1986)
Wetlands- Boreal Bogs |Boreal Bog |Bog Bogs Bog and Bog
Woody Forest
Boreal
Swamps
Bog Forests
White-cedar |White-cedar
Swamps Swamp
Forest
Pond Pine Pocosin Pond Pine
Pocosin (in part) Pocosin
Shrub Shrub Shrub Shrub Swamp
Swamps Swamp Swamps
Red Maple Northern Wooded Swamp
Swamp Swamp Swamp Hardwoods
Forest - Red
Maple
Red Maple-
Hemlock
Swamps
Pine-
Hardwood
Swamps
Mixed Oak
Swamps
Northern Northern Elm-Ash- |Riparian? |EIm-Ash- |Northern
Riparian Riverine Cotton- Cotton- Floodplain
Forest wood wood Forest
Riparian
Thicket/Shrub
Southern / Southern Southern
Coastal Riverine Floodplain
Floodplains | Forest Forest
Baldcypress |Baldcypress |Oak-Gum- Oak-Gum-
Swamps Swamp Cypress Cypress
Forest
Southern
Mixed
Hardwood
Swamp
Forest
Pocosin Bay
(in part) Swamp
Pocosin
Maritime Wet
Thicket/Shrub
Wetlands- Shallow
Herbaceous Marsh
Fresh Fresh Cattail Marsh
Emergent Marsh
Marsh
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TYPE:

PROPOSED
(Gorham
1998)

Kricher
(1988)

DeGraaf
et al.
(1991)

Degraaf
and Rudis
(1986)

Hamel
(1992)

Benyus (1989)

Marsh/Open
Water
Complex

Deep
Marsh

Brackish
Emergent
Marsh

Low Salt
Marsh

Salt Marsh-
Low

High Salt
Marsh

Salt Marsh-
High

Salt Marsh
Pannes

Salt Marsh-
Pannes

Salt Marsh-
Pools

Salt Marsh
Scrub

Salt Marsh-
Edge

Wet
Meadows

Sedge
Meadow

Sedge
Meadows

Sedge Meadow

Wet
Meadow
(seasonal)

Vernal Pools

Seeps

Upland
Scrub or
Herbaceous

Alpine
Meadow

Alpine
Tundra

Alpine

Alpine/Boreal
Heath

New
England
Alpine
Community

Krummbholz

Krumm-
holz

Krummbholz

Balds

Appalachian
Heath Balds

Glade

Glade

Savanna

Shrub /
Sapling
Oldfields

Northern
Old Fields

Shrub/Old
Fields
Openings

Shrub-Sapling
Opening/Edge

Southern
Old Fields

Herbaceous
Oldfields

Forb
Openings

Annual
Grassland

Grassy
Field

Field

Perennial
Grassland
(tall,
intermediate,
short)

Grass
Openings

Pasture

Pasture

Pasture
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TYPE: PROPOSED |Kricher DeGraaf |Degraaf Hamel Benyus (1989)
(Gorham (1988) et al. and Rudis [(1992)
1998) (1991) (1986)
Cropped Cultivated
Field
Orchard Orchards
Beaches Sandy Beach
and Dunes and Dune
Beaches SBD- Upper
Beach
Dune SBD- Foredune
Grassland
Interdunal SBD- Dune
Marsh Hollows
(interdunal)
Dune / SBD-
Maritime Backdune
Thickets
Aquatic Ponds Pond Ponds Lake and Pond
Lakes Lake Lakes
Streams Stream Streams River and
Stream
Rivers River Rivers
Mudflats
Other Rocky Cliffs |Rocky CIliff,
and Outcrops | Outcrops Ledges,
Talus,
Qutcrops
Special Stable
Habitat Banks
Feature
Subterranean Caves
Special Structures
Habitat
Feature

128




APPENDIX D: LIST OF HABITAT TYPES: MDN-GAP PROJECT

ID HT_CODE

HT_GROUP

1 UF.BOCO
2 UF.BOHA
3 UF.BOMI

4 UF.NOCO
5 UF.NOOK
6 UF.NOOC
7 UF.NOHA
8 UF.NOMX
9 UF.MIME
10 UF.APCO
11 UF.PIBA
12 UF.OKHK
13 UF.MAOP
14 UF.LEMH
15 UF.CPPI
16 UF.CPPO
17 UF.SOPI
18 UF.HEWL
19 UF.MEWL
20 UF.MTFW
21 WF.BOFO
22 WF.BOSP
23 WF.NCSP
24 WF.NHSP
25 WF.AWCS
26 WF.CYSP
27 WF.BHSP
28 WF.DSPH
29 WF.CPPF
30 WF.OKSP
31 WF.PHSP
32 WF.NORI
33 US.ABHT
34 US.KRUM
35 US.MHTB
36 US.SSOF
37 US.MSOF
38 US.PBSC
39 US.DMTS
40 WS.NBBO
41 WS.NBFE
42 WS.SMSS
43 WS.MWTS
44 WS.WVPO
45 WS.SSSP
46 WS.FSSP
47 WS.RITS
48 UH.ALGM
49 UH.DSGD
50 UH.HEOF
51 UH.URHE
52 UH.DMGL
53 WH.WMRH
54 WH.FEMS
55 WH.SEEP
56 WH.HVPO

UPLAND FORESTS / WOODLANDS

HABITAT TYPE
BOREAIONIFER
OREAL HARDWOOD
OREAL MIXED HARDWOOD - CONIFER
RTOHERN CONIFER
ORTHERN OAK
RTHERN OAK - CONIFER
ORTHERN HARDWOOD
ORTHERN MIXED HARDWOOD - CONIFER
IXED MESOPHYTIC
APPALACHIAN COVE HARDWOOD
PINE BARREN
OAK - HICKORY
MID-ATLANTIC OAK - PINE
LOW ELEVATION MESIC HARDWOOD
COASTAL PLAIN PINE
COASTAL PLAIN PINE - OAK
SOUTHERN PINE
HIGH-ELEVATION WOODLAND
MID- TO LOW-ELEVATION WOODLAND
MARITIME FOREST / WOODLAND

WETLAND FORESTS / WOODLANDS BOG FEST

UPLAND SHRUBS

WETLAND SHRUBS

UPLAND HERBACEOUS

WETLAND HERBACEOUS
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BOREAL SWAMP
NORTHERN CONIFEROUS SWAMP
NORTHERN HARDWOOD SWAMP
ATLANTIC WHITE-CEDAR SWAMP
BALD CYPRESS SWAMP
BOTTOMLAND HARDWOOD SWAMP
DEEP SWAMP HARDWOOD
COASTAL PLAIN PINE FLATWOOD
MIXED OAK SWAMP
COASTAL PLAIN PINE - HARDWOOD SWAMP
NORTHERN RIPARIAN
RINE / BOREAL HEATH
KRUMMHOLZ
MONTANE HEATH THICKET / BALD
SHRUB / SAPLING OLD FIELD
MID-SUCCESSIONAL OLD FIELD
PINE BARREN SCRUB
DUNE / MARITIME THICKET / SHRUB
NORERN / BOREAL BOG
NORTHERN / BOREAL FEN
SALT MARSH SCRUB
MARITIME WET THICKET / SHRUB
WOODY VERNAL POOL
SATURATED SHRUB SWAMP
FLOODED SHRUB SWAMP
RIPARIAN THICKET / SHRUB
ALPEIGRASSLAND / MEADOW
DRY SLOPE GLADE
HERBACEOQOUS OLD FIELD
UPLAND RIPARIAN HERBACEOUS
DUNE / MARITIME GRASSLAND
WETBADOW / WET RIPARIAN HERBACEOUS
FRESH ROBUST EMERGENT MARSH
SEEP AND RIVULET
HERBACEOUS VERNAL POOL



ID HT_CODE

HT_GROUP

57 WH.FTMS
58 WH.BEMS
59 WH.LSMS
60 WH.HSMS
61 WH.DMMS
62 SV.ROCL
63 SV.ROTB
64 SV.GRBA
65 SV.ERSL
66 SV.UNCS
67 SV.SDNF
68 SV.SUBT
69 AQ.POND
70 AQ.LAKE
71 AQ.LPRI
72 AQ.LPST
73 AQ.UPRI
74 AQ.UPST
75 AQ.INSR
76 AQ.FTRI
77 AQ.FTST
78 AQ.FITM
79 AQ.ESRI
80 AQ.ESST
81 AQ.ESPO
82 AQ.ESIM
83 AQ.ESIB
84 AQ.ESNS
85 AQ.ESOS
86 AQ.MAIR
87 AQ.MAIB
88 AQ.MANS
89 AQ.MAOS
90 AN.AFCR
91 AN.AGCR
92 AN.ASCR
93 AN.APAS
94 AN.AORC
95 AN.APLA
96 AN.ARCL
97 AN.ABAR
98 AN.ADEV
99 AN.ULID
100 AN.UHID
101 AN.UTRA
102 AN.ULAN
103 AN.UBAR

SPARSELY VEGETATED

AQUATIC

ANTHROPOGENIC
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AB_TYPE
FRESH TIDAL EMERGENT MARSH
BRACKISH EMERGENT MARSH
LOW SALT MARSH
HIGH SALT MARSH

NTERDUNAL / MARITIME MARSH

ROCIOLIFF

ROCKY OUTCROP / TALUS / BARREN
NATURAL GRAVEL BARREN
ERODING SLOPE / BANK
UNCONSOLIDATED RIVER / LAKE SHORE
SAND DUNE / FLAT
SUBTERRANEAN

RESHWATER POND

RESHWATER LAKE / RESERVOIR
LOWER PERENNIAL RIVER

OWER PERENNIAL STREAM
UPPER PERENNIAL RIVER
UPPER PERENNIAL STREAM

NTERMITTENT STREAM / RIVER
FRESH TIDAL RIVER
FRESH TIDAL STREAM
FRESH INTERTIDAL MUDFLAT / SHORE
ESTUARINE TIDAL RIVER
ESTUARINE TIDAL STREAM
ESTUARINE TIDAL POND
ESTUARINE INTERTIDAL MUDFLAT / SHORE
ESTUARINE INTERTIDAL SANDY BEACH
ESTUARINE SUBTIDAL NEARSHORE
ESTUARINE SUBTIDAL OFFSHORE
MARINE INTERTIDAL ROCKY
MARINE INTERTIDAL SANDY BEACH
MARINE SUBTIDAL NEARSHORE
MARINE SUBTIDAL OFFSHORE

AGRULTURAL FORB-LIKE / ROW CROP

AGRICULTURAL GRASS-LIKE CROP
AGRICULTURAL SHRUB-LIKE CROP
AGRICULTURAL PASTURE
AGRICULTURAL ORCHARD
AGRICULTURAL PLANTATION
AGRICULTURAL REGENERATING CLEARCUT
AGRICULTURAL BARREN - PLOWED / FALLOW
AGRICULTURAL DEVELOPED
URBAN LOW-INTENSITY DEVELOPED
URBAN HIGH-INTENSITY DEVELOPED
URBAN TRANSPORTATION CORRIDOR
URBAN LANDSCAPED
URBAN BARREN - VACANT / EXTRACTION



APPENDIX E: MDN-GAP Habitat Type Descriptions
UPLAND FORESTS/WOODLANDS:

1. Boreal Conifer (UF.BOCO): Consists of upland “spruce-fir” forests in boreal

alpine zones of northern latitudes and higher ¢lena. Dominant species include red
spruce, black spruce, balsam fir, or Fraser fiarddvoods may be present, but comprise
less than 25% of the canopy cover. Associate epaunay include yellow birch, white
birch, quaking aspen, tamarack, and white pindls &ce shallow to bedrock, acidic,
nutrient-poor, and generally on till from granitelimestone. The bryophyte layer is
often well-developed. In the mid-Atlantic regionoccurs in Maryland over about 3000
feet, in the mountains of West Virginia and Virginthe higher mountains in New Jersey,
and in the Alleghenies in Pennsylvania.

Dominant/Subdominant SpeciesPicea rubensPicea marianaAbies balsamea\bies
fraseri

Associative SpeciesBetula allegheniensi8. papyrifera Pinus strobusPopulus
tremuloides

Shrub/Vine Species-Acer spicatum, Sorbus americanus, Kalmia angustifo
Vacciniumspp.,Ledum groenlandicum

2. Boreal Hardwood (UF.BOHA): A boreal or alpine habitat consisting of succasslio
disturbance-related forests of aspen, birch orcliverry. Conifers if present comprise
less than 25% of the canopy cover. Soils are ddram dry, rocky ledges and sandy
plains to moist or well-drained loamy soils. I tmid-Atlantic states, it occurs primarily
as fire cherry stands in higher elevations of Mamgl, Pennsylvania, New Jersey, and
Virginia and West Virginia.

Dominant/Subdominant SpeciesPopulus tremuloide$runus pensylvanica
Associative SpeciesBetula allegheniensi8. papyrifera Acer rubrum, A. saccharum
Quercus rubra, Populus balsamifera, P. grandideat&ticea rubens, P. glauca, Abies
balsamea

Shrub/Vine Species-Corylus cornutaAcer pensylvanicuniRubusspp.,Viburnum
alnifolium, Taxus canadensis

3. Boreal Mixed (UF.BOMI): A boreal or alpine habitat with forests of spruagpen,
birch, and fir. Boreal conifers and hardwoods eaminprise greater than 25% of the
canopy cover. It usually occurs on sites thatnamee moist than northern hardwood, and
is generally found on mid-slopes with well-drainegoorly-drained soils. In the mid-
Atlantic region, distribution is not well known, bprobably limited to higher elevations
in Maryland, West Virginia, Pennsylvania and Newség.

Dominant/Subdominant SpeciesAbies balsameabies fraseriBetula allegheniensis
B. papyrifera Populus tremuloided’runus pensylvanica

Associative SpeciesAcer rubrum, A. saccharyrragus grandifoliaTsuga canadensis
Pinus strobus

Shrub/Vine SpeciesAcer spicatum, A. pensylvanicum, Viburnum alnifolitRubuspp.
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4. Northern Conifer (UF.NOCO): This habitat consists of northern / higher elerati
forests of red pine, white pine, eastern hemlockack pine (Lake States) in mixed or
pure stands with less than 25% hardwoods. In tldeAttantic region it is found in cool
ravines and on slopes in the Appalachians, andnmedrier locations at slightly lower
elevations where white pine is generally dominaith wther pines.
Dominant/Subdominant SpeciesTsuga canadensi®inus strobusP. resinosa, Thuja
occidentalis

Associative SpeciesP. rigida, Acer rubrumPicea rubens, Quercus rubra, Fagus
grandifolia, Betula allegheniensj8. lenta

Shrub/Vine SpeciesViburnum cassinoides, Vaccinium angustifolium, Amethier
canadensis, Acer spicatum, A. pensylvaniddamamelis virginiana

5. Northern Oak (UF.NOOK): This habitat consists of northern forests dominhie
northern red oak, or oak and sugar maple withtlems 25% conifers. It has more oak
and less beech, birch and maple than northern loardisv It occurs on deep, moist to
well-drained loams and silt loams. Variants maguv®n more xeric, thinner soils on
upper slopes and ridges. It has a spotty distahwtlong the mountains from
Pennsylvania southward and is found at elevatipn® wbout 3500 feet in West Virginia
and the mid-Atlantic region, but can occur oveamge of elevations. In the mid-Atlantic
region, it's found at mid to higher elevations,amol slopes, and in coves; occasionally
on drier slopes or ridges.

Dominant/Subdominant SpeciesQuercus rubraQ. velutina, Q. alba, Q. prinus
Associative SpeciesAcer rubrum, Acer saccharum, Quercus alba, Fraxiaoericana,
Fagus grandifolia, Betula lentad,iriodendron tulipifera, Pinuspp.,Tilia americana.
Shrub/Vine SpeciesKalmia latifolia, Viburnum acerifolium, Hamamelis virginiana,
Vacciniumspp.,Acer pensylvanicaCorylus cornuta

6. Northern Oak-Conifer (UF.NOOC): This habitat consists of northern / higher
elevation forests with northern red oak, black aall white pine generally dominating,
and other common associates including chestnutredknaple, eastern hemlock, paper
birch, and white oak. It generally occupies fertivell-drained sites, including north
slopes and coves, but may also be found on ddges and south- and west-facing broad
slopes. Other soil descriptions include acididl\@rmined to rapidly drained sands,
sandy loams, or loamy sands. It may also occupoky slopes. In the Appalachians
south of Pennsylvania, it is found up to about 260@outh of Maryland and West
Virginia, northern red oak is less common, and type is represented primarily by the
chestnut oak-white pine forest type, with an ocenice generally between 1200 ft.-3600
ft. It's distribution in the mid-Atlantic states patchy, primarily limited by the
occurrence of white pine. It is found in scattel@zhtions in the mid to higher
elevations.

Dominant/Subdominant SpeciesQuercus rubra, Q. velutin@inus strobus
Associative SpeciesAcer rubrum, Quercus prinus, Tsuga canadensis liéa, &inus
rigida

Shrub/Vine SpeciesGaylussacia baccatd&almia angustifolia,K. latifolia, Vaccinium
spp.,Alnus rugosa, Hamamelis virginiana
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7. Northern Hardwood (UF.NOHA): A northern / higher elevation forest with a mix of
sugar maple, yellow birch and American beech. dlssociates may include northern
red oak, hemlock, white pine, aspens, and a nuofbather species. Sugar maple is
almost always present and unifies this habitat.tyipeften occurs on moderately well-
drained to moist fertile loams and sandy loamsawier northern slopes, but can be
found in varying conditions from shallow bedrockpmorly drained soils. Soils can arise
from granite and schists in the glaciated regiowl, @alcareous rocks, sandstones and
shales elsewhere. Elevations range from neaeseéih the northern portion of its
range, to elevations over 4000 feet in the souttithe mid-Atlantic region, it generally
occurs over about 2500 feet, or in cool microclesatelow 2500 ft.
Dominant/Subdominant SpeciesAcer saccharuniagus grandifoliaBetula
allegheniensis

Associative SpeciesFsuga canadensigcer rubrum, Pinus strobus, Betula lenta,
Prunus serotina, Tilia americana, Magnolia acummmauercus rubra, Fraxinus
americana, Picea rubens

Shrub/Vine SpeciesViburnum acerifolium, V. alnifolium, Hamamelis vmgana, llex
montana, Ribes glandulosum, Amelanckigp.,Lindera benzoin

Herbaceous Specie®ennstaedtia punctilobula

8. Northern Mixed Hardwood/Conifer (UF.NOMX): This habitat has a mix similar to
that of northern hardwood, but with a strong cantiemponent (>25%), usually
consisting of eastern hemlock, white pine or rewepiNorthern white cedar may also be
present on some sites. In addition to the tymoathern hardwood component, tulip
poplar is common in the canopy in “hemlock ravihdsoccurs on cool, mesic sites, and
its occurrence in the southern mid-Atlantic staey be restricted to cool ravines and
north facing slopes, where it may be patchily distied.

Dominant/Subdominant SpeciesAcer saccharunBetula allegheniensigagus
grandifolia, Tsuga canadensi®inus strobus

Associative SpeciesAcer rubrum, Tilia americana, Liriodendron tulipite Prunus
spp.,Betula lenta, Thuja occidentalis

Shrub/Vine SpeciesAcer spicatum, A. pensylvanicum, Viburnum alnifoliliervella
lonicera, Sambucus pubens, Taxus canadensis, Réndomh maximum

9. Mixed Mesophytic (UF.MIME): A northerly, mid-elevation forest characterized by
high diversity and variability, this habitat inclesias co-dominants some assemblage of
the following: American basswood, sugar maple, &hagh, tulip poplar, American

beech, northern red oak, chestnut oak, easterrockdnd red maple. Canopy
associates may include slippery elm, black walyeitow birch, hop-hornbeam,
magnolias, hickories, and black cherry. Soilsuaneally deep, well-drained loams and
silt loams, moderately acid to moderately alkalened are often derived from calcareous
parent materials. This habitat is likely to beigied on mid to lower slopes or in coves
and ravines, with cooler microclimates, greatersnwe retention, and deeper, more
fertile soils. In the mid-Atlantic states, it oeswon mid elevation slopes and in coves, up
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to a maximum elevation of about 800-1000 m; it gsahto the Appalachian cove
hardwood habitat type in the central and southgrpatachians.
Dominant/Subdominant SpeciesAcer saccharum, Tilia americana, Fraxinus
americana, Liriodendron tulipifera, Fagus grandigl Quercus rubra, Q. prinus, Tsuga
canadensis, Acer rubrum

Associative SpeciesJimus rubra, Juglans nigra, Betula alleghenien€istrya
virginiana, Magnolia virginiana, M. acuminata, Cagpp.,Prunus serotina
Shrub/Vine SpeciesViburnum acerifolium, Cornus alternifolia, Hamanselirginiana,
Rhododendron nudiflorum, Lonicera canadensis, Stigahtrifoliata

10. Appalachian Cove Hardwood (UF.APCO)This habitat is similar to the mixed
mesophytic habitat of the northern Appalachiansjtduas a more central and southerly
distribution which coincides with the northern lisidof white basswood and yellow
buckeye, two of the species that help to charasdhis habitat type. In addition to these
species, other co-dominant species may includedadrasswood, hoary basswood,
Carolina silverbell, tulip poplar, sugar maple, redple, American beech, northern red
oak, black oak, white oak, and eastern hemlockio@gassociates may include black
walnut, butternut, white ash, yellow birch, magaslihickories, and black cherry. It has
a high degree of diversity and is highly variab&pils are usually deep, well-drained, and
friable. This habitat is likely to be situated mid to lower slopes or in coves and
ravines, with cooler microclimates, greater moistiatention, and deeper, more fertile
soils. In the east, it ranges from Pennsylvanidlsthrough the mid-Atlantic and into the
southern Appalachians. In the mid-Atlantic regibmccurs at mid-elevations, up to
about 1000 m.

Dominant/Subdominant SpeciesTilia heterophylla, T. floridana, T. neglecta, Acer
saccharum, Liriodendron tulipifera, Aesculus octemydHalesia carolina, Quercus

rubra, Q. alba, Q. velutina, Fagus grandifolia, Dsucanadensis

Associative Speciesjuglans nigra, J. cinerea, Magnolia acuminata, Migwmiana,
Caryaspp, Betula allegheniensis, Fraxinus americana, Pruseiotina

Shrub/Vine SpeciesViburnum acerifolium, Lindera benzoin, Cornus atiiéolia,
Hamamelis virginianaRhododendron nudiflorum, R. calendulace@nmmaximum

11. Pine Barren (UF.PIBA): This habitat type includes woodland communities
dominated by pitch pine in the overstory, and loedr and/or dwarf chinquapin oak
sharing dominance with ericaceous shrubs in thenstary. Other associates include
shortleaf pine, blackjack oak and other oaks andi It has a spotty distribution, and is
generally restricted to dry, sandy, nutrient-pamlss or acidic, rocky or otherwise
infertile slopes and ridgetops. It is most abundamhe coastal plain sandy soils from
New Jersey north, but is also found in the moustaouth along the Appalachians. In
the northern mountains, it is restricted to elewaibelow 600 m; in the south, it ranges
up to 1400 m.

Dominant/Subdominant SpeciesPinus rigida, Quercus ilicifolia, Q. prinoides
Associative SpeciesPinus virginiana, P. strobus, P. echinata, P. pumgeCaryaspp,
Quercus coccinea, Q. prinus, Q. falcata, Q. madl&a, Q. velutina, Q. rubra, Q.
stellatg Sassafras albidum
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Shrub/Vine SpeciesQuercus ilicifolia, Q. prinoides, Comptonia aspliatia,
Gaylussacia dumosa, G. baccata, llex glabra, Kalamgustifolia, Rhus glabra,
Vaccinium angustifolium, V. pallidum

Herbaceous SpeciesAndropogon scoparius, Panicum depauperatum, Tejdros
virginiana, Arctostaphylos uva-ursi, Epigaea repeBgphorbia ipecacuanhae,
Gaultheria procumbens, Pyxidanthera barbulata, Qypdium acaule, Cladonia
rangiferina

12. Oak-Hickory (UF.OKHK): Oak-dominated forests generally occurring in dswt
conditions at mid and lower elevations, as welbasidgetops. Dominant species may
include chestnut oak, black oak, white oak, northred oak, post oak, blackjack oak,
pignut hickory, shagbark hickory, mockernut hickditternut hickory, white ash, and
American beech. Canopy associates may includejahmin oak, southern red oak,
scarlet oak, red maple, tulip poplar, Virginia pieastern white pine, pitch pine, and
table mountain pine. It is distinguished from Marthern Oak (UF.NOOK) Habitat Type
by the lack of other mesic, cool-site species enaanopy, but sugar maple is invading
many sites. Pines and other conifers generallyenugkless than 25% of the canopy.
Soils are well-drained to xeric loams, sandy-loaons;oarse-textured soils on rocky
ridges or outcrops. The aspect, especially inheort latitudes or at higher elevations, is
southerly, westerly, or sometimes easterly. InntineAtlantic states, it has limited
occurrence on the coastal plain in some drier lonat is widespread in the Piedmont and
the Ridge and Valley Provinces, and is found inesdmwer elevations in the mountains.
The chestnut oak forests contained in this habitat extend up to 1000 m in western
Maryland.

Dominant/Subdominant SpeciesQuercus prinus, Q. velutina, Q. alba, Q. rubra, Q.
stellata, Q. marilandica, Carya ovata, C. cordifagnC. tomentosa, C. glabra, Fraxinus
americana, Fagus grandifolia

Associative Species®. muehlenbergii, Q. falcata, Q. coccinea, Acerrum, A.
saccharum, Liriodendron tulipifera, Pinus virginianP. strobus, P. rigida, P. echinata,
P. pungens

Shrub/Vine SpeciesVaccinium vacillans, V. angustifolium, Gaylussdcadosa, G.
baccata

13. Mid-Atlantic Oak-Pine (UF.MAOP): This habitat consists of oak-pine forests of the
mid-Atlantic region, occurring at mid to lower eéions on drier soils. It is similar to
the Pine Barren (UF.PIBA) and Oak-Hickory (UF.OKHiKgbitats, but includes at least
25% canopy coverage of tree-form oaks and at Rf#4t canopy coverage of pines. Oak
species may include white oak, scarlet oak, chestaki post oak, blackjack oak, black
oak and southern red oak. Pine species may indudaia pine, pitch pine, and
shortleaf pine. Other canopy associates may irchickories, tulip poplar, black gum,
red maple, loblolly pine, table mountain pine, easwhite pine, and eastern red cedar.
Soils may be coarse-textured, well-drained to xemd often shallow and droughty; on
the Coastal Plain they may be sandy, and on ridgdsslopes in the Piedmont and
mountains they may be rocky. This habitat occromfsouthern New England, New
York, Pennsylvania, and central New Jersey, sootigahe Piedmont and mountain
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foothills, well into the southeast. It also occap®radically on the coastal plain of New
Jersey, Delaware, Maryland, and Virginia. It ra@tcurs above 900 m elevation, and is
generally below 600 m.

Dominant/Subdominant SpeciesPinus virginiana, P. echinata, P. rigida, Quercus
falcata, Q. coccinea, Q. prinus, Q. marilandica,sgellata, Q. alba, Q. velutina
Associative SpeciesPinus taeda, P. strobus, P. pungens, Juniperusniaga,

Diospyros virginiana

Shrub/Vine SpeciesKalmia latifolia, Vacciniunspp, Gaylussaciapp, Rhododendron
nudiflorum, Smilax rotundifolia, Rhispp, Rubusspp, Cercis canadensis

14. Low Elevation Mesic Hardwood (UF.LEMH): This habitat occurs at mid to low
elevations in the Piedmont and Coastal Plain onas#es with rich soils. It consists of
mixed hardwoods other than oaks; typically tuliplao, American beech, black gum,
ironwood, sassafras, black cherry, hickory sppitendssh, or red maple. Oaks are often
present, but make up less than 50% of the canogar cand often include white oak and
northern red oak. Many other tree species maydsept in the canopy, including sweet
birch, eastern hemlock, magnolias, sweetgum, Ibbohe, and sugar maple. The shrub
and herbaceous layers are generally well-develapddiiverse. Soils are moderately
deep to deep, moist to well-drained, with a mediarfine loose texture. Generally
found at elevations below 300 m, it is typicalliusited on lower slopes or in coves on the
Piedmont, or on gentle slopes or plains on the @bBR$ain, from New Jersey,
Pennsylvania, Maryland and south.

Dominant/Subdominant Speciestiriodendron tulipifera, Nyssa sylvatica, Carpinus
caroliniana, Prunus serotina, Cangpp.,Fraxinus americana, Sassafras albidum, Acer
rubrum, Quercus alba, Q. rubra, Fagus grandifolia

Associative Speciesiuglans nigra, J. cinerea, Robinia pseudoacaciagrAsaccharum,
Liquidambar styraciflua, Quercus velutina, Q. prip@. coccinea, Q. falcata, Betula
lenta, Tsuga canadensis, Pinus taeda, P. echjtl@aopaca,Cornus florida

Shrub/Vine SpeciesViburnumspp.,Lindera benzoin, Gaylussacia frondosa,
Rhododendron periclymenoides, Vaccinium vaccil&nsiaxspp.

15. Coastal Plain Pines (UF.CPPI)This habitat on the Coastal Plain and lower
Piedmont consists of loblolly pine-dominated fosgsbmetimes co-dominant with
shortleaf pine (longleaf pine in the south), bugeserally more mesic than the Mid-
Atlantic Oak-Pine (UF.MAOP) Habitat Type. Hardweod present, make up less than
25% of the canopy cover. Other canopy associaggsimelude Virginia pine, southern
red oak, white oak, post oak, blackjack oak, hidsyrsassafras, persimmon, tulip poplar,
red maple, and sweetgum. Understory species nehyd@ American holly, flowering
dogwood and black cherry. This type readily insdisturbed sites, and eventually
succeeds to hardwood-dominated habitats withoudghierburning or other management.
Loblolly pine plantations may be included in thabitat, after they mature past the
sapling stage, if understory vegetation is notvatyisuppressed. On good sites, the
understory is rich and varied. Found on the Co&dtan from Delaware south, and
sporadically on the Piedmont in southern Marylaridyinia and further south.
Dominant/Subdominant SpeciesPinus taeda, P. echinata, P. palustris

136



Associative SpeciesPinus virginiana, Quercus falcata, Q. alba, Q. ki, Q.
marilandica, Caryaspp, Sassafras albidum, Liriodendron tulipifera, Acebrum,
Liquidambar styraciflua, Diospyros virginiandex opaca, Cornus florida, Prunus
serotina

Shrub/Vine SpeciesCrataegusspp.,Callicarpa americana, Myricapp.,Smilaxspp.,
Clethra alnifolia

16. Coastal Plain Pine-Oak (UF.CPPO)includes upland mixed forests of pines and
hardwoods, primarily oaks, with dominant speciesuding loblolly pine, shortleaf pine,
red maple, southern red oak, willow oak, water odkfe oak, post oak, scarlet oak,
hickories, black gum, magnolias, and sweetgum.efdlksociates include tulip poplar,
chestnut oak, Virginia pine, longleaf pine, andssé®s. Both pines and hardwoods are
present with at least 25% canopy cover each. fddigtat type occurs in a variety of
different soil types and conditions from mesic &ig, and is similar to the Mid-Atlantic
Oak-Pine (UF.MAOP) type. However, loblolly pinenre common as the dominant
pine, it has a greater affinity for the Coastalii®land is generally more mesic.
Widespread but somewhat sporadic on the Coastal fiten Delaware and Maryland
southward. Also occurs to a limited extent onRidmont, but is most common on the
Coastal Plain in the mid-Atlantic region.

Dominant/Subdominant SpeciesPinus taeda, P. echinata, Acer rubrum, Quercus
falcata, Q. phellos, Q. nigra, Q. alba, Q. stellad coccinea, Caryapp, Nyssa
sylvatica, Magnoliaspp, Liquidambar styraciflua

Associative Specied-iriodendron tulipifera, Quercus prinus, Pinus vimgana, P.
palustris, Sassafras albidum

Shrub/Vine SpeciesKalmia latifolia, Rhododendron periclymenoides, (Giagacia
frondosa, Vacciniumspp., Myrica spp.,Rubusspp.,Smilaxspp.,Loniceraspp.

17. Southern Pine (UF.SOPI)This type consists of open forests or woodlandere/h
longleaf pine is dominant, often over an understdriurkey oak, but sometimes in open
stands over an herbaceous layer. Canopy assogiaiesclude pond pine, Virginia
pine, loblolly pine, blackjack oak, southern red,omater oak, black gum, sassafras,
persimmon, sweetgum and sand post oak. It isésitiblished and maintained by fire,
and occurs on poor sites with droughty, inferiied coarse-textured soils; typically dry
sands of low pH and marine origin. The herbacdayer is often dominated by grasses.
Occurs on the Coastal Plain from southern Virgini&lorida and west to eastern Texas.
Also occurs on the Piedmont Plateau in Alabama@eargia. Not known from the mid-
Atlantic region.

Dominant/Subdominant SpeciesPinus palustris, Quercus laevis

Associative SpeciesPinus serotina, P. virginiana, P. taeda, Quercugitaadica, Q.
falcata, Q. nigra, Q. stellata, Nyssa sylvaticas&sras albidum, Liquidambar
styraciflua, Diospyros virginiana

Shrub/Vine SpeciesGaylussaciaspp.,Kalmia angustifolia, Vacciniurapp.,Myrica
spp.,Serenoa repens
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18. High Elevation Woodland (UF.HEWL): This habitat is composed of open to sparse
woodlands at higher elevations or northern latisuole talus, rocky slopes, bedrock, dry
ridges, outcrops, shale barrens, or less typicsdlgdy soils. Dominant trees are often
stunted and may include pitch pine, red pine, talentain pine, red spruce, northern
white cedar, eastern red cedar and northern red As&ociate species may include
American mountain-ash, pignut hickory, post oalesthut oak, white oak, scarlet oak,
balsam fir, black spruce, birch spp., and eastdntevpine. Soils are characteristically
shallow, sometimes only a shallow duff layer onrbe# or talus. A good herbaceous
layer may be present, and lichens and mossestaremiesent. In the mid-Atlantic
region, generally found above 500 m on slopes amgntain ridges.
Dominant/Subdominant SpeciesPinus rigida, P. resinosa, P. pungens, Picea rubens
Thuja occidentalis, Juniperus virginiana, Quercudma

Associative Specied-raxinus americana, Carya glabra, Q. stellata, @nps, Q. alba,
Q. coccinea, Abies balsamea, Picea mariana, Betpfa,Pinus strobus

Shrub/Vine SpeciesVacciniumspp.,Gaylussacia baccata, Kalmia angustifolRibes
glandulosumArctostaphylos uva-ursi

19. Mid-Low Elevation Woodland (UF.MEWL): Consists of mid to low elevation
woodlands on talus slopes, rocky outcrops, shatehs, or rocky, dry slopes with
southern exposures and/or steep slopes where meistiimiting. Some woodland
alliances on sand, serpentine derived solils, @rathbstrates inimical to plant growth
may also fit. Canopy cover is 60% or less andstege often stunted. Dominant species
may include chestnut oak, chinkapin oak, black eaktern red cedar, post oak, northern
red oak, Virginia pine, shortleaf pine, white opkch pine, American basswood, white
ash, or sugar maple. Canopy associates may inathde pine, scarlet oak, hop
hornbeam, hickory spp., red maple, and otherss fiibitat can be dominated by either
coniferous or deciduous trees. Soils are wellrg@ito xeric. In the mid-Atlantic region,
ranges from the lower slopes on the Piedmont asdiply scattered sandy locations on
the Coastal Plain, to the lower elevational linoitshe boreal species in the mountains.
Dominant/Subdominant SpeciesQuercus prinus, Q. muehlenbergii, Q. velutina, Q.
alba, Q. stellata, Q. rubra, Juniperus virginiarRdinus virginiana, P. rigida, P. echinata,
Tilia americana, Fraxinus americana, Acer saccharum

Associative SpeciesPinus strobus, Quercus coccinea, Ostrya virginiariLeryaspp,
Acer rubrum

Herbaceous Speciesschizachyrium scoparium

20. Maritime Forest/Woodland (UF.MTFW): This habitat consists of stunted forests
and woodlands on back dunes or sandy substratearitime areas. Conifers or
hardwoods may dominate, and dominant species nchyd@ eastern red cedar, loblolly
pine, Virginia pine, pitch pine, black cherry, doertn red oak, black oak, scarlet oak,
white oak, or post oak. Associates may include Acae beech, sassafras, American
holly, sourwood, pignut hickory, willow oak, and tgaoak. It is frequent on barrier
islands and is typically wind-pruned. The substiatcharacteristically excessively well-
rained and nutrient poor. Patches of dense slamntbyvines often characterize this
habitat. Occurs widely along the Atlantic coadd &arrier islands from New England to
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the southeast. In the mid-Atlantic states, loglpihe is a common component in this
habitat from Delaware south.

Dominant/Subdominant Speciesduniperus virginiana, Pinus taeda, P. virginiana, P
rigida, Prunus serotina, Quercus velutina, Q. sti| Q. coccinea, Q. alba, Q. falcata
Associative Specied-agus grandifolia, Sassafras albidum, llex opacay@endrun
arboreum, Carya glabra, Q. phellos, Q. nigra

Shrubs/Vines-Smilax rotundifolia, Smilax glauca, Toxicodendraalicans, Vitisspp,
Parthenocissus quinquefolia, Myrica pensylvanicgriba cerifera, Hudsonia
tomentosa, Juniperus communis, Vaccinium corymbosum

WETLAND FORESTS/WOODLANDS:

21. Bog Forest (WF.BOFO):includes high-elevation or northern forests of klapruce,
tamarack, balsam fir, birch, red maple, easternldenand northern white-cedar
associated with boreal bogs. Associate speciesmshyde red maple, black ash, aspen
spp., eastern white pine, and pitch pine. Sodgypically seasonally to semi-
permanently saturated, poorly to very poorly drdjrend waters are acidic and nutrient
poor. Trees are often stunted, and there is extepgat accumulation. A dense
ericaceous shrub layer is often present. In theAtliantic region, it generally occurs
above 700 m elevation in the mountainous areasnbytoccur much lower in the
glaciated sections of New Jersey or PennsylvaMiay also be found in the New Jersey
pine barrens.

Dominant/Subdominant SpeciesPicea mariana, P. rubens, Abies balsamea, Larix
laricina, Tsuga canadensis, Betudpp, Pinus rigida, Sphagnuspp.

Associative SpeciesAcer rubrum, Populuspp.,Pinus strobus

Shrub/Vine SpeciesVaccinium corymbosum, Vaccinium angustifolium, Cesaphne
calyculata, Rhododendron canadense, Ledum groeidang Gaylussacia baccata,
Kalmia latifolia, Viburnumspp.,llex spp.,Nemopanthus mucronata.

22. Boreal Swamp (WF.BOSP)Includes forested wetlands of northern latitudes or
higher elevations where boreal or northern spatoesinate, but where peat
accumulations are not well developed. Dominantiggemay include red spruce, black
spruce, balsam fir, red maple, northern white cedanarack, and black ash. Associates
may include speckled alder, Atlantic white cedastern hemlock, fire cherry, black
gum, and birch spp.. Solls are typically saturatentks over mineral soil. The
herbaceous layer is often well developed, 8ptdagnumif present, is patchy or sparse.
Widespread throughout southeastern Canada and Nglaril; New York, south in
some areas in Pennsylvania, New Jersey and spallgditong the mountains to the
southern Appalachians. In the mid-Atlantic regibmccurs at lower elevations in
Pennsylvania and New Jersey, but generally ovem7@@m Maryland south.
Dominant/Subdominant SpeciesPicea rubens, P. mariana, Abies balsamea, Acer
rubrum, Thuja occidentalis, Larix laricina, Fraxiswigra

Associative SpeciesAlnus rugosa, Chamaecyparis thyoides, Tsuga carsasldPrunus
pensylvanica, Nyssa sylvatica, Betsjap.
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Shrub/Vine SpeciesVaccinium corymbosum, Nemopanthus mucronata, Vilmarn
cassinoides, Cornus canadensis, C. sericea, Lamioblongifolia, Clethra alnifolia,
Rhododendron viscosum, R. maximum

23. Northern Coniferous Swamp (WF.NCSP)Woodland and forest swamps of
northern latitudes and higher elevations, but batlwvspruce-fir zone; dominated by
species such as eastern hemlock, white pine, piteh and in some cases northern white
cedar. Hardwoods may be present but do not malkeno@jority of the stocking.
Associate species may include red maple, blackdabk gum, American elm, yellow
birch, gray birch, and, in some areas, Atlanticte/lsedar. Soils are typically saturated
mucks, and are often acidic, but in some casestmaneutral to alkaline and influenced
by calcareous groundwater. This habitat occunsgatdreams and bottomlands, in poorly
drained upland depressions, or in seepage af@esurs from New England through New
York, Pennsylvania, and New Jersey; south of thsat higher elevations in the
mountains. In the mid-Atlantic region it occurssolated locations at low to mid
elevations in the northern states, and at higlexaglons (generally above 600 m) in the
southern mid-Atlantic states.

Dominant/Subdominant SpeciesTsuga canadensis, Pinus strobus, P. rigida, Thuja
occidentalis

Associative SpeciesAcer rubrum, Betula allegheniensis, B. lenta, Frag nigra, Nyssa
sylvatica

Shrub/Vine Species¥accinium corymbosum, Lindera benzoin, llex véldig, Cornus
spp.,Lonicera oblongifolia, Rhododendron canadense, Kalamgustifolia

24. Northern Hardwood Swamp (WF.NHSP):Northern and higher elevation wetland
forests and woodlands dominated by hardwoods talierap at least 50% of canopy.
Dominant species may include red maple, blackg&en ash, yellow birch, gray birch,
and black gum. Associates may include easterndeknhorthern white cedar, Atlantic
white cedar, American elm, slippery elm, pin oakglppine, and white pine. Boreal
species may also be present, but not in large ntsn®ecurs in poorly drained
depressions along streams, in seeps, and in flamdpand oxbows of major rivers. Soils
are generally muck, seasonally to semi-permandothged or saturated. In the mid-
Atlantic, it occurs in the northern states andighér elevations in the lower states. From
central and southern New Jersey south along theAttaahtic Coastal Plain, it grades into
the bottomland hardwood swamp (WF.BHSP) habitag.typ

Dominant/Subdominant SpeciesAcer rubrum, Fraxinus nigra, F. pennsylvanica,
Betula allegheniensis, B. lenta, Nyssa sylvatica

Associative SpeciesFsuga canadensis, Thuja occidentalis, Chamaecyplaymdes,
Ulmus americana, U. rubra, Quercus palustris, Pinig&da, P. strobus

Shrub/Vine Speciesiindera benzoin, Toxicodendron vernix, Rhamnudaliai
Vaccinium corymbosum, Clethra alnifolia, llex veiitata, Rhododendron viscosum

25. Atlantic White-Cedar Swamp (WF.AWCS): Narrowly defined to contain wetland

forests where Atlantic white-cedar is dominant mvdes at least 25-50% of the
stocking. Typical co-dominants can include red imagreen ash, sweetgum, and black
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gum. Canopy associates may include American hiolbjolly pine, pitch pine, pond
pine, persimmon, eastern hemlock, yellow birch,rapdupelo, and red bay. In inland
areas to the north, great Rhododendron may beraatkastic shrub associate, while
further south, on the coastal plain, inkberry, wrberry, sweetbay magnolia, or seaside
alder may be characteristic, along with many o#fiieubs. This habitat occurs mostly on
acidic saturated muck, with variable peat accunanat Cedars typically occur on
mounds of organic material, surrounded by deprasditied with water (hummock and
hollow microtopography). The herbaceous layer beyguite diverse, and often includes
severalSphagnunspecies. In the mid-Atlantic region, it is widespd in the pine
barrens of New Jersey and at some higher elevatiddsw Jersey; it also occurs
sporadically on the Coastal Plain of Delaware &edHastern Shore of Maryland, and
along the Coastal Plain of Virginia. Situationstiois habitat range from low sites
between hills and ridges, along lakes and swampgysaof meandering streams, in low
sites in pine barrens, and along fresh tidal riegrslow-moving watercourses on the
Coastal Plain.

Dominant/Subdominant SpeciesChamaecyparis thyoides, Acer rubrum, Fraxinus
pennsylvanica, Nyssa sylvatica, Liquidambar styhaaj Magnolia virginiana
Associative Speciediex opaca, Pinus taeda, P. rigida, P. serotina,iJa canadensis,
Diospyros virginiana, Betula allegheniensis, Nybgtora, Persea palustrisSphagnum
spp.

Shrub/Vine SpeciesClethra alnifolia, llex verticillata, 1. glabra, Ridodendron
maximum, R. viscosum, Alnus maritima, A. serrul@tailaxspp.,Viburnumspp.,

Myrica spp, Vaccinium corymbosum, V. macrocarpon, Leucotlagemosa,
Gaylussacia frondosa

26. Bald Cypress Swamp (WF.CYSP)includes semi-permanently to permanently
flooded swamps dominated by bald cypress. In stases it may be only seasonally or
temporarily flooded. Associates may include blgakn, red maple, sweetgum, swamp
tupelo, loblolly pine, green ash, water tupelo, stlvay magnolia, black willow,

American elm, water hickory, and overcup oak. Tabitat occurs on flat alluvial
floodplains or backwaters and sloughs of slow talenate flowing streams and rivers, or
in swamps and estuaries of the Coastal Plain.s Sy be tidally influenced or storm-
tide influenced, but bald cypress will not tolerptelonged salinities above 0.89 percent.
Soils range from fine sand to clay, often with yelaof muck or shallow peat present;
they are wet and very poorly drained. In the MithAtic, it occurs on the Coastal Plain
from Delaware south.

Dominant/Subdominant SpeciesTaxodium distichum, Nyssa biflora, N. aquatica,rAce
rubrum

Associative SpeciesNyssa sylvatica, Fraxinus pennsylvanica, Liquidanggraciflua,
Pinus taeda, Ulmus americana, Salix nigra, Magneliginiana, Quercus lyrata, Carya
aquatica

Shrub/Vine SpeciesClethra alnifolia, Viburnum dentatum, V. nudum, &palustris,
Leucothoe racemosa, Itea virginica, Smi&gp, llex opaca, I. verticillata,
Rhododendron viscosum, Lindera benzoin, Sambucaaieasis, Toxicodendron
radicans, Cornus amomungephalanthuspp.
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27. Bottomland Hardwood Swamp (WF.BHSP)includes wetland forests and
woodlands dominated by hardwoods including red magweetgum, green ash, black
gum, or occasionally black ash. Red maple is amalwgmys present, and frequently
dominant. Canopy associates may include loblahe pbald cypress, American elm, pin
oak, silver maple, swamp white oak, basket oakpwibak, white oak, pond pine, and
Atlantic white cedar. Coniferous species, if présare less than 50% total canopy
coverage. Oaks, if present, also comprise less308& of the canopy coverage.
American holly, sweetbay magnolia, sassafras aner@mall trees may be present in the
understory, and the shrub, vine, and herbaceoesdagay be well-developed. Standing
water is usually not present throughout the grovei@gson, but soils are generally moist
to saturated and water may be present into thg ganling season. This habitat type is
most common throughout the Coastal Plain from Nemsely south, and in some
bottomland sites in the Piedmont. In general hiaitat distribution follows the natural
distribution of sweetgum. In the mid-Atlantic regi this habitat is common on the
Coastal Plain from central and southern New Jeseath; it also extends into the
Piedmont along rivers and large streams.

Dominant/Subdominant SpeciesAcer rubrum, Liquidambar styraciflua, Fraxinus
pennsylvanica, Fraxinus nigra, Nyssa sylvatica

Associative SpeciesPinus taeda, P. serotina, Taxodium distichum, Ulamericana,
Quercus palustris, Q. bicolor, Q. phellos, Q. al@a,lyrata, Q. michauxii, Nyssa
sylvaticavar. biflora, Persea palustris, Chamaecyparis thyoiddagnolia virginiana,
Acer saccharinum, Betula nigra, Populus hetero@hyllex opaca

Shrub/Vine SpeciesVaccinium corymbosum, Rhododendron viscosum, 1@leth
alnifolia, Rosa palustris, Smilax rotundifolia, \Balteri, Toxicodendron radicans
Gaylussacia frondosa

28. Deep Swamp Hardwood (WF.DSPH)This habitat consists of semi-permanently to
permanently flooded wetland forests, sometimedlyidaluenced, and dominated by
hardwoods. Swamp tupelo and/or water tupelo (3arthoften characteristic. Other
common canopy associates may include water hickasrcup oak, red maple,
sweetgum, black gum, pumpkin ash, green ash, Aareetm, and loblolly pine. Bald
cypress or Atlantic white cedar may also be predmritrepresent less than 25% of the
canopy. Permanently flooded examples of this habitay not be naturally occurring in
the mid-Atlantic. Standing dead snags are oftesgmt, and there is often a pronounced
hummock-and-hollow microtopography, with hollowsgeally holding some water
throughout the year. It occurs in the southeadte, on flat alluvial floodplains or
backwaters and sloughs of slow to moderate-flowstngams and rivers, in oxbows, old
beaver ponds, in headwater swamps, and alongrivéas of the Coastal Plain. Extent
within the mid-Atlantic is unknown, but some knowituations include former Atlantic
white cedar-bald cypress-red maple-swamp tupeksterwhere all of the cypress and
cedars have been harvested.

Dominant/Subdominant SpeciesNyssa bifloraN. aquatica Fraxinus profunda, Acer
rubrum trilobum, Liquidambar styraciflua
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Associative SpeciesCarya aquatica, Nyssa sylvatica, Quercus lyratadinus
pennsylvanica, Ulmus americana, Quercus laurifdiaus taeda, Taxodium distichum,
Chamaecyparis thyoides, Magnolia virginiana, Pensaustris Symplocos tinctoria
Sphagnunspp.

Shrub/Vine SpeciesClethra alnifolia, llex verticillata, Itea virgima, Leucothoe
racemosa, Vaccinium corymbosum, Rhododendron vistdsindera benzoin, Viburnum
dentatum, V. nudum, Cornus amomum, Rosa paluSishalanthus occidentalis,
Smilaxspp.,Decumaria barbara, Toxicodendron radicans

Herbaceous Speciedmpatiens capensis, Peltandra virginica, Polygoramfolium, P.
punctatum, Saururus cernuus, Carex crinita, C. mles, C. stricta, Lemnspp.,
Hydrocotylespp.

29. Coastal Plain Pine Flatwood (WF.CPPF)This habitat is composed of pine-
dominated wetland forests where hardwoods do nopcse more than 25% of the total
canopy. The most common representative of thigditadonsists of loblolly pine stands
on the Coastal Plain often occurring adjacent éohilgh salt marsh or as islands within
the salt marsh. Red maple, sweetgum, black guirhag, and willow oak are common
associates. The understory is often dominatedri®syand a well-developed shrub layer
is common. It occurs on saturated mucks overlgangd, and trees tend to occur on
elevated hummocks, with standing water evidenoifolvs. In the mid-Atlantic, this
habitat type typically occurs from Delaware soul, it may have limited representation
in New Jersey, as well.

Dominant/Subdominant SpeciesPinus taeda

Associative SpeciesAcer rubrum, Liquidambar styraciflua, Nyssa syleatiPersea
palustris

Shrubs/Vines Smilax rotundifoliaMyrica ceriferg Baccharis halimifolia,
Toxicodendron radicans, Parthenocissus quinquefdliex glabra

30. Mixed Oak Swamp (WF.OKSP):This habitat occurs in stream headwaters and on
floodplains of streams and rivers, and in poorlgiaed depressions isolated from
streams. It includes oak-dominated swamps with tlean 25% pines or other conifers.
Dominant species include basket oak, willow oakarsyy white oak, pin oak, or water
oak. Associates may include red maple, black gumeetgum, elms, loblolly pine, pitch
pine, white oak, and other species. The shrulby langy be sparse or well-developed, and
there is often a well-developed herbaceous lag&es are temporarily flooded or
seasonally flooded to saturated floodplain terracefow depressions, generally without
standing water for most of the growing season.sSwe poorly-drained muck with
varying combinations of silt, loam, and sand; same$ underlain by impervious clays.

It is found in the mid-Atlantic region sporadicatiyp the Coastal Plain from Delaware
south, and possibly in some sites in the Piedmdii@v mountains.
Dominant/Subdominant SpeciesQuercus palustris, Q. bicolor, Q. michauxii, Q.
phellos, Q. nigra

Associative SpeciesPinus taeda, Acer rubrum, Liquidambar styracifliyssa

sylvatica, Ulmuspp,Pinus rigida, Pinus serotina, Q. falcata, Q. all@aryaspp.
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Shrub/Vine SpeciesVaccinium corymbosum, Leucothoe racemosa, Cletimifoha,
Lindera benzoin, Viburnumspp, llex laevigatum, llex opaca, Rhododendron visoosu

31. Pine - Hardwood Swamp (WF.PHSP)This habitat consists of wetland forests of
floodplains on the Coastal Plain with alliances dwted by pines and hardwoods, with
each component comprising at least 25% of the gacoperage. Loblolly is the typical
dominant pine, although pitch pine or pond pine megjace it in some areas. Oaks are
often well represented in the hardwood componantuding willow oak, pin oak,
swamp chestnut oak, swamp white oak, water oakevdak, southern red oak, and
northern red oak. Other common hardwoods in thistat are black gum, sweetgum, red
maple, green ash, and elms. The shrub layer mayebeleveloped. It is typically found
on temporarily flooded sites. Occurs from centrad southern New Jersey south through
the Coastal Plain in the southeast. It may oatsome Piedmont sites in the southern
portion of its range. In the mid-Atlantic it is Weepresented by loblolly dominated
wetland forests on the Coastal Plain, and by ptok dominated wetlands in the New
Jersey pine barrens.

Dominant/Subdominant SpeciesPinus taeda, P. serotina, P. rigida, Quercus phgllo
Q. michauxii, Q. nigra, Q. bicolor, Q. palustrisydsa sylvatica, Acer rubrum,
Liquidambar styraciflua, Magnolia virginiana

Associative Specieschamaecyparis thyoides, Quercus alba, Q. falcatau@Qra,
Ulmusspp, Sassafras albidum, Fraxinus pennsylvanica, ligxca, Oxydendrum
arboreum, Nyssa biflora

Shrub/Vine SpeciesClethra alnifolia, llex laevigatum, Leucothoe raaesa, Vaccinium
corymbosum, Rhododendron viscos@mia latifolia, Gaylussacia frondosa, G.
dumosa, Toxicodendron radicans, Sm#ap,Gelsemium sempervirens

32. Northern Riparian (WF.NORI): Consists of stream-side and floodplain forests and
woodlands from the mid-Atlantic region north dontathby pioneer species such as
eastern cottonwood, river birch, or black willow,secondary successional floodplain
species such as sycamore, American elm, slipperyslver maple, boxelder and green
ash. More common on streams with moderate to higtaelients than those on the
Coastal Plain or on larger rivers, where sufficieinéam energy exists to ensure active
depositional and erosional processes. It genevaltyrs on alluvial floodplain deposits
within or immediately adjacent to the active riediannel, or on older deposits or
streambanks with slightly higher elevations. Theub, vine, and herbaceous layers are
often well-developed. In the mid-Atlantic regidhis habitat is most frequently found
along the streams and rivers in the Piedmont andrionountains, or along larger rivers
in the Coastal Plain.

Dominant/Subdominant SpeciesPopulus deltoides, Salix nigra, Platanus occidésta
Ulmus americana, U. rubra, Acer negundo, Acer sagcdom, Betula nigra, Fraxinus
pennsylvanica

Associative Specied-iquidambar styraciflua, Acer rubrum, Quercus pbsl|l Q.
palustris, Juglans cinerea, J. nigrans, Liriodendrolipifera

Shrub/Vine Species-Toxicodendron radicans, Lindera benzoin, Robiniays®acacia,
Rosa multiflora, Vitis riparia, Smilax rotundifoli#arthenocissus quinquefolia
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Herbaceous Specieddrtica dioica, Laportea canadensis, Leersia virgii
SHRUB UPLANDS:

33. Alpine/Boreal Heath (US.ABHT):Consists of high elevation or boreal upland
communities dominated by heath or heath-like shrdtigey typically occur above
timberline and on or in association with bedrockconps and ledges, bedrock tablelands,
and exposed windswept summits and high ridgeso Alay occur in depressions on
level out-wash plains and valley floor frost pockeDominant species may include
tundra bilberry, velvetleaf blueberry, late low &lberry, early low blueberry, and
mountain laurel. Scattered, stunted boreal tresgslme present, and other shrub species
may include Labrador tea, rhodora azalea, blackioeory, evergreen bearberry, dwarf
huckleberry, rhododendron rosebay, and bearbergyfdmillow. Soils are typically
shallow accumulations of organic material on beklgites, or rapidly drained and
nutrient poor sands on out-wash plains. In the Atldntic, it is restricted to mountainous
areas, from New Jersey to West Virginia.

Dominant/Subdominant SpeciesVaccinium myrtilloides, V. vacillans, V.
angustifolium, V. uliginosum, Kalmia latifolia

Associative SpeciesPicea mariana, P. rubens, Abies balsamea, Betufgyypiera var.
cordifolia, Larix laricina, Ledum groenlandicum, Bthodendron canadense, R.
lapponicum, Empetrum nigra, Arctostaphylos uva-ussilix uva-ursi
Herbaceous/Bryophyte Speciesiuncus trifidus, Carex bigelowii, Potentilla trickaa,
Deschampsia flexuosa, Schizachyrium scopariumgd&mdi canadensis,ycopodiunmspp.

34. Krummholz (US.KRUM): High elevation scrub on rocky, exposed ridgessopes
where severe weather conditions prevail. Thistadis dominated by stunted black
spruce, balsam fir, and other boreal species. Maoupaper birch is sometimes found as
an associate. Soils are typically thin and roekyd well-drained to xeric. The bryophyte
layer may be well developed.

This habitat is confined to alpine areas of New|&nd, New York, and at some
elevations farther south. In the mid-Atlantic agithis habitat may be restricted to
higher elevations in West Virginia; other occurresiare unknown.
Dominant/Subdominant SpeciesAbies balsamea, Picea rubens, P. mariana
Associative SpeciesBetula papyriferavar. cordifolia

Herbaceous/Bryophyte Speciessorbus americandotentilla tridentataPleurozium
schreberi

35. Montane Heath Thicket / Bald (US.MHTB):Consists of high-elevation shrublands
occurring on steep ridges, rock outcroppings, andslides at elevations over 1675 m. It
has 25-100% shrub cover and may occur as a dengdaatd, 2-4 m tall, or as a shorter,
more open shrubland with areas of exposed rockesed mats of prostrate vegetation,
and isolated clumps of herbaceous species. tingrthted by rhododendrons and
sandmyrtle, along with Fraser fir, red chokebebotgck chokeberry, southern bush-
honeysuckle, largeleaf holly, minniebush, pieriig €herry, highbush blueberry, southern
mountain cranberry, and northern wild raisin. Tilegbaceous layer is highly variable,
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depending on density of shrub cover, and thick hoeks of lichens and mosses may
occur on flatter sites. Wind-sheared spruces madrfay occur in some areas. Soils are
shallow and nutrient-poor. Vegetation is influethty seepage areas on steep cliffs and
ledges in some areas. This habitat is known flwenGreat Smoky Mountains of eastern
Tennessee, but is not known from the mid-Atlarggion.

Dominant/Subdominant SpeciesRhododendron carolinianum, R. catawbiense,
Leiophyllum buxifolium

Associative SpeciesAbies fraseri, Aronia arbutifolia, Aronia melanogax, Diervilla
sessilifolia, llex montana, Menziesia pilosa, Rdtoribunda, Prunus pensylvanica,
Vaccinium corymbosum, V. erythrocarpum, Viburnusscwides

36. Shrub / Sapling Old Field (US.SSOF)Regenerating forest openings dominated by
pioneer shrubs and tree saplings, including easéelicedar, black locust, ashes,
sweetgum, red maple, cherries, aspens, birchess,massafras, tulip poplar, sumacs,
hawthorns, buckthorns, viburnums, dogwoods, anckblaries, as well as various vines,
including poison ivy, greenbriers and grapes. dnegal, these fields would range
between 5-25 years post disturbance, with amplgishaeind saplings present, and tree
stature on average less than 5 m tall. This hiatdtaform in a wide range of soll
conditions and landscape positions. In the migwtit region, it is represented by fire
cherry and red maple stands in the mountains, dgedar and Virginia pine stands in the
Piedmont and lower mountains, and red maple andtgwm stands on the Coastal Plain,
as well as many other shrub and sapling assocgtionughout the region.
Dominant/Subdominant Speciesduniperus virginiana, Acer rubrum, Robinia
pseudoacacia, Myrica pennsylvanica, Corspg.,Viburnumspp.,Rhusspp, Rubus

spp, Spireaspp, Rhamnuspp, Crataegusspp, Rosa multiflora, Smilagpp, Vitusspp,
Toxicodendron radicans, Populus tremuloides, Pndgrdentata, Pinus strobus, Prunus
pensylvanica, Betula populifolia, Liquidambar stgifua, Pinus virginiana, P. taeda,
Prunus serotina

Associative SpeciesSassafras albidum, Fraxingpp, llex opacalLiriodendron

tulipifera

37. Mid-Successional Old Field (US.MSOF)Consists of late stage upland old fields
with well-developed woody growth of small trees dadje shrubs, with the overstory
vegetation on average between 5 and 12 m tallstage generally occurs between 15
and 35 years post-disturbance. Dominant specidsde eastern red cedar, black locust,
ashes, sweetgum, red maple, cherries, aspensesjngimes, sassafras, tulip poplar,
sumacs, hawthorns, buckthorns, viburnums, dogwaods plackberries, as well as
various vines, including poison ivy, greenbriersl gnapes. This habitat can form in a
wide range of soil conditions and landscape passtion the mid-Atlantic region, it is
represented by fire cherry and red maple stantteeimountains, by red cedar and
Virginia pine stands in the Piedmont and lower ntains, and red maple and sweetgum
stands on the Coastal Plain, as well as many ags&ciations throughout the region.
Dominant/Subdominant Speciesduniperus virginiana, Acer rubrum, Robinia
pseudoacacia, Myrica pennsylvanica, Corspg.,Viburnumspp.,Rhusspp, Spirea

spp, Crataegusspp, Rhamnuspp, Rosa multiflora, Smilagpp, Rubusspp, Vitus
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spp, Toxicodendron radicans, Populus tremuloides,iBndidentata, Pinus strobus,
Prunus pensylvanica, Betula populifolia, Liquidambgyraciflua, Prunus serotina,
Pinus virginiana, P. taeda

Associative SpeciesSassafras albidum, Fraxingpp.,llex opacaLiriodendron
tulipifera

38. Pine Barren Scrub (US.PBSC)Floristically similar, although scrubbier in sttuce,
to the pine barrens habitat type which consistemast and woodland communities of
pitch pine, scrub oak and other oaks found on hstll nutrient-poor sites. The more
stunted, scrubby stature of this habitat is likatjicative of lower nutrient availability
and drier conditions, but may also be disturbaetsted. Plant species of moister Pine
Barren situations are scarce or absent, with damsecies including pitch pine,
bearberry, bear oak and dwarf chinquapin oak. Makstat may include bare patches of
sand with pine needle accumulations. Most abunidaihie coastal plain sandy soils
from New Jersey north, but also in the mountainglsalong the Appalachians. In the
northern mountains, it is restricted to elevatibakow 600 m, in the south, it ranges up to
1400 m.

Dominant/Subdominant SpeciesPinus rigida, Arctostaphylos uva-ursi, Quercus
prinoides, Quercus ilicifolia, Comptonia aspleni&ICypripedium acaule, Vaccinium
pallidum

Associative SpeciesPinus echinata, Quercus marylandica, Quercus vedytSassafras
albidum, Gaylussacia baccata, Gaultheria procumbé&mpsgaea repens,
Herbaceous/Bryophyte Specief?anicum depauperatum, Andropogon scoparius,
Euphorbia ipecacuanhae, Pyxidanthera barbulata,hfepia virginiana, Cladonia
rangiferina

39. Dune / Maritime Thicket / Shrub (US.DMTS): This habitat is broadly composed of
alliances that form upland thickets and shrublandearitime areas, including dry
seaside bluffs, back-dune ridges or coastal mosalmeadlands, sandy dunes and other
maritime sites. Physiognomy of this habitat vafiesn dense thicket or vine thicket to
more sparse and open shrub communities. Domipacies may include northern
bayberry, beach plum, groundsel bush, easterne@ar cor woolly hudsonia. Associates
may include highbush blueberry, winged sumac, Yiegcreeper, common greenbrier,
and other shrubs and vines. Other examples maydestunted oaks, black gum, pitch
pine, or American holly. In slightly lower, moregbected communities along backdunes
in “shrunken forests” that have shrubland physiagpoother species may include black
cherry, red maple, loblolly pine, persimmon, sesgberry, red chokeberry, sassafras, and
narrowleaf crabapple. This habitat may grade antoaritime woodland or wet thicket, or
may replace a cleared maritime woodland. The rygieal example is drier and more
elevated. In the mid-Atlantic region, it occursarastal dunes and on the ocean side of
barrier islands.

Dominant/Subdominant SpeciesMyrica pensylvanica, Prunus maritima, P. serotina,
Baccharis halimifolia, Amelanchier canadensis, {@nus virginiana, Hudsonia
tomentosa, H. ericoides, Smilax glauca, Toxicodendadicans
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Associative Speciesvaccinium corymbosum, Rhus copallinum, Parthenasiss
quinquefolia, Rosapp, V. angustifolium, Gaylussacia baccata, Malus atiolia,
Aronia arbutifolia, Viburnunspp.,Sassafras albidum, Pinus taeda, Pinus rigida, Acer
rubrum, Quercus velutina, Q. stellata, Q. alba,cQccinea, llex opaca, Nyssa sylvatica,
Diospyros virginiana, Smilax rotundifolia, Vitustumdifolia

Herbaceous/Bryophyte Speciesschizachyrium scoparium, Solidago sempervirens,
Rumex acetosella, Lechea maritima, Aster dumosus

SHRUB WETLANDS:

40. Northern / Boreal Bogs (WS.NBBO)This habitat consists of both the herbaceous
and shrubland components of ombrotrophic or weakherotrophic peatland
communities in flat basins, kettle-holes, or shalttepressions in rock outcrops, as well
as “poor fen” communities with some minerotrophioundwater enrichment or other
nutrient inflow. There is typically an extensi8phagnuntomponent. Peat development
is generally extensive, but less so in poor featers are typically acid; bogs have pH <
4.2; poor fens have pH values 4.2-5.8. In additeo&phagnunspp., dominant species
may include bog rosemary, leatherleaf, swamp laogeshighbush blueberry, large
cranberry, swamp azalea, black huckleberry, blaowlserry, mountain-holly, or
Labrador tea. In the mid-Atlantic region, this haboccurs in the glaciated regions of
New Jersey and Pennsylvania, south in the higlesagbns in Maryland and West
Virginia, and in the Pine Barrens of New Jersey.

Dominant/Subdominant SpeciesSphagnunspp, Carexspp, Chamaedaphne
calyculata, Andromeda glaucophylla, Decodon vdtétis, Vaccinium corymbosum, V.
macrocarpon, Gaylussacia baccata, Empetrum nigfhgdodendron viscosum,
Nemopanthus mucronata, Ledum groenlandicum, Scoesigitosus

Associative SpeciesRhododendron maximum, Pyrus melanocarpa, Rhamnifsla,
Myrica gale, Acer rubrum, Larix laricina, Picea rahs, P. mariana, Populus
tremuloides, Pinus rigida, Tsuga canadensis

41. Northern / Boreal Fen (WS.NBFE):Consists of both the herbaceous and shrubland
components of more minerotrophic conditions thaditronal bogs with some
groundwater flow-through but considerable peatduplandSphagnungrowth. This
habitat type includes “rich fens” and “extremelgtrifens” which generally have a pH >
5.8. In addition t&sphagnunmosses, the plant community may include ten-angled
pipewort, beaked spike-rush, sundews, bladderwsetiges, rushes, bulrushes, cinnamon
fern, royal fern, showy ladyslipper, red turtleheead St. John’s-worts, with scattered
trees and shrubs including red maple, black guregtivay magnolia, alders,
chokeberries, bristly dewberry, large cranberryarsyw rose, winterberry, poison ivy, wax
myrtle, northern bayberry, groundsel tree, mardereland eastern red cedar. Found at all
elevations, and as far south as the Coastal Riddelaware. Occurrences farther south
than this are probably limited by climate, with wer yearly temperature averages
increasing decomposition rates and limiting thedescthat contribute to bog/fen
development. Main occurrence is farther north @rfoequent from the New Jersey pine
barrens and farther north) or at higher elevations.
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Dominant/Subdominant SpeciesSphagnunspp, Eriocaulon decangulare, Eleocharis
rostellata, Droseraspp.,Utricularia spp.,Carexspp,Scirpus americanyscirpus
cyperinus, Rhychospospp.,Rosa palustris, Aroniapp, llex verticillata, Magnolia
virginiana, Alnusspp.

Associative SpeciesAster novi-belgii, Cladium mariscoides, Junespp.,Lysimachia
terrestris, Cypripedium reginae, Phragmites aussiabcirpus pungens, Toxicodendron
radicans, Triadenum virginicum, Gentiana clausagne obliqua, Osmunda
cinnamomea, Osmunda regalis, Hypericum densifloNmecinium macrocarpon,
Myrica cerifera, Myrica pensylvanica, Baccharis imaifolia, lva frutescens, Rubus
hispidus, Acer rubrum, Nyssa sylvatica, Junipelitgnmana

42. Salt Marsh Scrub (WS.SMSS)This habitat occurs along the borders of salt
marshes, typically found between high salt margjetation Spartina patensand
adjacent upland vegetation. It is also found oessof slightly higher elevation and lower
salinities within the salt marsh proper, as welbaspoil mounds adjacent to ditches.
Dominant species include groundsel-tree and mdd#n;eassociates may include
northern bayberry, common wax myrtle, eastern esthg and swamp rose. The water
table is typically at or near the surface and saiésa shallow layer of peaty muck over
mottled sand. It is common in the mid-Atlanticicegadjacent to salt marshes.
Dominant/Subdominant SpeciesBaccharis halimifolia, Iva frutescens

Associative Speciesgvlyrica cerifera, M. pennsylvanica, Rosa palustdighiperus
virginiana, Spartina patens, Panicum virgatum, iislis spicata, Spartina
cynosuroides, Spartina alterniflora, Phragmitestaaiss, Hibiscus moscheutos,
Toxicodendron radicans

43. Maritime Wet Thicket / Shrub (WS.MWTS): Consists of wetland thickets found in
maritime back-dune areas and along some tidalsiv&ypically dominated by common
waxmyrtle, groundsel-tree, sapling red maple, higbblueberry, large cranberry, and/or
alders. Associate species may include northerhdyay, poison ivy, swamp rose, eastern
red cedar, winterberry, silky dogwood, buttonbwsig American holly. Typically occurs
between the high marsh herbaceous or scrub vegetatid coastal forests or woodlands,
and is especially frequent on the bay-side of barsiands, as well as protected areas
behind coastal dunes and in interdunal areas vdwgieare wet (e.g., “cranberry
swales”). Occurs in coastal areas from New Jeseath to the Carolinas. In the mid-
Atlantic region, it is especially common on barigands.

Dominant/Subdominant SpeciesMyrica cerifera, Baccharis halimifolia, Acer rubrym
Vaccinium corymbosum, Vaccinium formosum, Vaccimmauarocarpon, Alnuspp.,
Cornus amomum

Associative Speciesvlyrica pensylvanica, Rosa palustris, Toxicodendiaaicans,
Juniperus virginiana, Pinus taeda, llex verticibatCephalanthus occidentalis, Juncus
spp, Hydrocotylespp, Carexspp, Eleocharisspp.,Panicum virgatum, Andropogon
virginicus, Shyzachyrium scopariurBpartina patensscirpus pungens, Phragmites
australis
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44. Woody Vernal Pool (WS.WVPO):solated depressional wetlands in forests or
woodlands that are typically inundated during fatéwinter and spring, and often dry
out by mid to late summer. They may be dominateduitonbush, which may occur
throughout, or may be restricted to either theregior peripheral zone. Water willow
(swamp loosestrife) may be co-dominant in some conities. Smartweeds, sedges,
manna grasses, panic grasses, witch grasses,atypiaal herbaceous associates. Some
communities may also have patcheSphagnunspp. Sweet pepperbush, highbush
blueberry, swamp fetterbush, swamp azalea, persmaveeetgum, red maple, black
gum, and other trees and shrubs may be found ggoaéong the edges or sometimes
within the depression. Vernal pools may be peraredlay loams, or may be
groundwater-fed wetlands in sandy loams. Overlgioils are generally wet to dry muck,
with no peat buildup except for recently accumwatetritus. This habitat occurs
throughout the mid-Atlantic. On the Coastal Plafiibelaware and Maryland,
representatives of this habitat type include Co&dtan Ponds, or Delmarva Bays.
Dominant/Subdominant speciesCephalanthus occidentalis, Clethra alnifolia,
Vaccinium corymbosum, Leucothoe racemosa, Decoglticilfatus, Carex striata,
Glyceria pallidg Polygonum amphibiupiPanicum verrucosum, Dichanthelium spretum,
Rhexia virginica, Fimbristylis autumnalis

Associative speciesPolygonum hydropiperoides, P. pensylvanicum, Cladiu
mariscoides, Juncus canadensis, Panicum Rigidufurhemitomon, Proserpinaca
pectinata, Dulichium arundinaceum, Bidens frondddadiscoidea, Woodwardia
virginica, Scirpus cyperinus, Leersia virginica,&®lodendron viscosum, Sphagnsipp.,
Acer rubrum, Diospyros virginiana, Liquidambar sdgiflua, Quercus bicolor, Nyssa
sylvatica

45. Saturated Shrub Swamp (WS.SSSPEonsists of seasonally flooded to saturated
shrub swamp where standing water, if present, doepersist through the growing
season. This habitat can occur in a wide rang#uwdtions, from high elevation seeps
and stream headwaters to fresh tidal wetlands. iDexmhspecies may include highbush
blueberry, southern highbush blueberry, black-kdrhighbush blueberry, swamp azalea,
silky willow, southern arrowwood, smooth alder, cgkled alder, European white alder,
swamp rose, poison ivy, silky dogwood, and wintempholly. Associate species may
include leatherleaf, black huckleberry, large ceanjg small cranberry, mountain-holly,
red-osier dogwood, northern meadowsweet, malebfettgrbush, possum-haw, Walter’s
greenbrier, sweet pepperbush, and sapling red magémtic white-cedar, pitch pine,
pond pine, northern white cedar and black ashs Tabitat can occur in shallow
depressions, in headwater wetlands, along fresinywat&ons of tidal river shores, or on
other soils disturbed by regular or seasonal flogdiSoils may be saturated peats or
mucks, or moist mineral soils without significargp deposits. In the mid-Atlantic
region, it includes highbush blueberry shrub swaatpseeps and in poorly drained
depressions, and alder swamps on fresh tidal riveosher Coastal Plain sites.
Dominant/Subdominant SpeciesVaccinium corymbosum, V. formosum, V. fuscatum,
Rhododendron viscosum, Salix sericea, Viburnumadiemt, Alnus serrulata, A. rugosa,
Alnus incana, Rosa palustris, Toxicodendron radgzaornus amomum, llex verticillata
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Associative Specieschamaedaphne calyculata, Gaylussacia baccata, Viacui
macrocarpon, V. oxycoccos, Nemopanthus mucronaauS sericea, Spirea alba,
Lyoniaspp.,Leucothoe racemosa, Viburnum nudum, Smilax waltdethra alnifolig

Acer rubrum, Chamaecyparis thyoides, Pinus rigilelapalustris, Thuja occidentalis,
Fraxinus nigra

Herbaceous/Bryophyte SpeciesAster simplex, Calamagrostris canadensis, Caltha
palustris, Carex lacustris, C. prairea, C. crinit@, glaucescens, Eupatorium maculatum,
Impatiens capensis, Lycopus uniflorus, Scirpuswvatems, Symplocarpus foetidus,
Thelypteris palustris, Typhepp.,Eleocharisspp.,Rhynchosporapp.,Scleriaspp.,
Utricularia gibba, Sphagnurapp.

46. Flooded Shrub Swamp (WS.FSSPELonsists of permanently or semipermanently
flooded shrublands. Standing water is presenutfitonost of the growing season, and
may be present year-round. Buttonbush is oftesitigle dominant, but other shrubs are
common either as co-dominants or as associatesselinay include water willow,
swamp azalea, silky willow, common highbush bluepesilky dogwood, red-osier
dogwood, swamp rose, broadleaf spirea, southeowamod, and winterberry holly.
Sapling red maple, swamp cottonwood, or water oak lbe present on some sites.
Emergent and/or floating aquatic herbaceous vagatatay also be present. Occurs
along pond and lake borders, in depressions wittrehed water table, in embayments or
along margins of slow-moving streams, in open avatsa gentle slope and slow water
flow, and in freshwater tidal wetlands along thasto In the mid-Atlantic region, it is
especially common on the Coastal Plain.

Dominant/Subdominant Species€Cephalanthus occidentalis, Decodon verticillatus
Associative SpeciesRhododendron viscosum, Salix sericea, Vacciniumngbosum,
Cornus amomum, C. stolonifera, Rosa palustris,&&airatifolia, Viburnum dentatum,
llex verticillata, Acer rubrum, Populus heteroplaylQuercus palustris

Herbaceous Speciedbulichium arundinaceum, Scirpus cyperintigphaspp.,Nuphar
lutea, Nymphaea odoratagemnaspp.

47. Riparian Thicket / Shrub (WS.RITS): Consists of seasonally/temporarily flooded
thicket communities of pioneer species typicallgucing on alluvial depositional bars
along streams and rivers. Dominant species maydeaiver birch, black willow, alders,
and sapling cottonwood or stunted sycamore. Aag®sipecies may include red-osier
dogwood, willows, swamp loosestrife, and sand gheBoils are typically well-drained
sandy, gravelly, or cobble alluvial deposits orestmineral soils. These communities are
typically early colonists on point bars, mid-chahistands, or floodplains. This habitat is
more common along streams with slight to modereddignts, or larger rivers, where
depositional and erosional processes are moreeachivthe mid-Atlantic, it is likely

along streams in the Piedmont and mountains amd) déwger rivers throughout the
region.

Dominant/Subdominant SpeciesSalix nigra, Populus deltoides, Betula nigra,
Alnusspp, Platanus occidentalis

Associative Speciescornus sericea, Salix interior, Decodon verticillaf Prunus
depressa, Polygonuspp, Bidensspp, Andropogon gerardi
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UPLAND HERBACEOUS:

48. Alpine Grassland / Meadow (UH.ALGM): Alpine low grass and forb-dominated
habitat; at present consists of two alliances;dorainated by Bigelow’s sedge which
occurs on thin, acidic soils with low moisture halglcapacity, and the other dominated
by wild oat grass in conjunction with several sedgecies and referred to as “grass
balds.” Typically occurs on high elevation southsouth-west-facing domes, ridgetops
and gentle slopes. Strong winds, high rainfadigérent fog, and extremes of temperature
and moisture are characteristic of grass baldsu@adn the alpine areas of New York,
New Hampshire, Vermont and Maine. Also occursrasgbalds in Tennessee and other
southern mountains; reported from Virginia.

Dominant/Subdominant Speciesbanthonia compressa, Carex bigelowii

Associative Speciescarex brunnescens, Carex pensylvanica, Carex debili

49. Dry Slope Glade (UH.DSGD)Natural woodland openings or sparse woodlands
generally associated with poor soils or other ettafg@atures restricting forest growth.
This habitat is characterized by communities opeetine bedrock, high elevation mafic
glades, and diabase glades, generally occurrirgpoth- or southwest-facing slopes.
They are essentially herbaceous communities waltesed trees. Occurs on thin alfisols
or mollisols derived from serpentine or similaralmafic rock. Soils are nutrient poor,
organic content is low, there is a low calcium tagmesium ratio, and moisture holding
capacity is low. Dominant species include littledstem, sideoats grama, bristleleaf
sedge and many other grasses, sedges and forbsoatitered eastern red cedar,
chinquapin oak, Virginia pine, pitch pine, and was other trees and shrubs. Trees are
generally stunted, sometimes occurring in clumPscurs in Maryland, Pennsylvania,
New Jersey, Virginia, and North Carolina. Smabiurcences known historically in
Delaware are no longer extant.

Dominant/Subdominant SpeciesSchizachyrium scoparium, Bouteloua curtipendula,
Andropogon gerardii, Sorghastrum nutans, Carex abar Anemone cylindrica,
Solidago bicolor, Panicum virgatum, Carex pensyiganLespedezapp.,Asclepias
viridiflora, A. verticillata, Muhlenbergia sobolifa, Onosmodiunspp.,Packera aurea,
Packera obovata, Helianthus divaricatus, Manfredginica, Silphiumspp.,Liatris spp.,
Rudbeckiaspp.,Sabatia angularis, Verbesina alternifolia, Junipgmirginiana, Pinus
virginiana, Pinus rigida

Associative SpeciesQuercus muehlenbergii, Quercus stellata, Cornusdéy Ulmus
alata, Rhus copallinum, Symphoricarpos orbiculaiisxicodendron radicans, Fraxinus
americana, Ostrya virginiana, Celtis occidental@grnus alternifolia

50. Herbaceous Old Field (UH.HEOF)Includes regenerating old fields in the early
stages prior to extensive woody invasion. Largelnposed of non-native grasses and
forbs especially from post-agricultural fields. €Be grasslands are generally 1-3 feet tall
with occasional scattered shrubs. This habitag tges not include pasture and other
forb or grass-like crops that are actively managef@rmed.
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51. Upland Riparian Herbaceous (UH.URHE):Representatives of this habitat are
dominated by tall grasses such as big bluesterngrrgtass and other prairie grasses and
are referred to as “riverside prairies”, “lineaajpies”, or “rivershore grasslands”.
Typically associated with dry cobble riverbankdake shores, but may also be found on
flood-scoured acidic as well as calcareous bedeaplosures associated with major rivers
or rolling outwash plains. Native prairie speces often present in abundance, as are
numerous exotic species. In the mid-Atlantic, esqrimarily along upper perennial
rivers in the mountains and on the Piedmont.

Dominant/Subdominant SpeciesAndropogon gerardii, Sorghastrum nutans
Associative SpeciesSchizachyrium scoparium, Panicum virgatum

52. Dune / Maritime Grassland (UH.DMGL): This habitat consists of coastal dune
grasslands dominated by American beach grass:; pdatecgrass and, in overwash
situations, saltmeadow hay and common threesqigeaside goldenrod is a common
associate and is diagnostic of communities inhhtsitat type. Other common associates
include northern sea-rocket and beach pea, alotilgnaimerous other species. Vines and
scattered, stunted or seedling-form shrubs maydept, including northern bayberry,
poison ivy, and groundsel bush. This habitat galyeoccurs on sandy, unstable,
droughty soils where there is active sand depesditd erosion. It may occur on
foredunes that are subject to storm-tide overwasbn dunes that receive the force of
wind and salt spray but are beyond the influenamadt storm tidesin more sheltered
areas, associates may include prickly pear, sepsigeed, broomsedge, and little
bluestem.Litter accumulation from plant debris is nearlyatts Occurs along the
Atlantic Coastline on beaches and barrier islaritls common in the Mid-Atlantic.
Dominant/Subdominant SpeciesAmmophila breviligulata, Panicum amarum, Spartina
patens, Schoenoplectus pungens

Associative SpeciesSolidago sempervirens, Cakile edentula, Lathyrpsigcus,

Triplasis purpurea, Cenchrus tribuloides, Chamaesyalygonifolia, Cyperus grayi, C.
lupulinus, Polygonella articulata, Strophostylesvuda, Setaria parviflora, Distichlis
spicata, Sabatia stellaris, Suaeda linearis, S.itima, Spergularia salina, Atriplex
prostrata, A. patula, Euphorbia polygonifolia, Findiylis castanea, Oenothera
humifusa, Diodia teres, Nuttallanthus canadensids@a kali, Carex silicea, Artemisia
stelleriana, Xanthium strumarium, Paspalum distichiassia hirsuta, Polygonum
glaucum, Salicornia bigelovii, S. Virginica, Opumtiumifusa, Lechea maritima,
Andropogon virginicus, Schizachyrium scoparium, iflypensylvanica, Toxicodendron
radicans, Lythrum lineare, Kosteletzkya virgini@accharis halimifolia

WETLAND HERBACEOUS:

53. Wet Meadow / Wet Riparian Herbaceous (WH.WTMD):Encompasses a broad
range of herbaceous wetlands including prairiedflikedplain communities occurring
along rivershores and floodplains that are sealof@ded and often semi-permanently
saturated, shallow ground-water basins not claskds vernal pools, swales in somewhat
poorly to poorly drained soils, streamside (allljvymeaty or mucky marshes dominated

by tussock forming sedges, sand and gravel barallieys and gorges and rocky river
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shoals. This habitat type also develops in olé laé&ds and is reported from pond and
lake shores. It has been described as “sedge méddedge swale” and “inland
graminoid marsh.” It is commonly dominated by sexjgushes, reed canary grass, blue-
joint, and other narrow-leaved graminaceous spedtesind throughout the mid-Atlantic
region generally outside of the Coastal Plain, @ssed with lakes, ponds, or riparian
areas.

Dominant/Subdominant SpeciesCarex torta, Phalaris arundinacea, Calamovifla
brevipilis, Juncus balticus, Juncus effusus, Rhgaphra careyana/inundata, Rhexia
virginica, Scirpus cyperinus, Carex stricta, Calagnastis canadensis, Sporobolus
heterolepis, Elocharis compressa, Carex aquatiiissticia americana, Symplocarpus
foetidus, Lipocarpha micrantha

Associative SpeciesAcorus calamus, Carex lacustris, Lythrum salicaBajrpusspp.,
Carex trichocarpa, Lysimachia quadriflora, Lythruatatum, Filipendula rubra, Carex
prairea, Carex buxbaumii, Cladium mariscoides, kregsicolor, Thalictrum pubescens,
Angelica purpurea, Agrostis alba, Alnus serrulaXanthorhiza simplicissima/ibrunum
cassinoides, Viburnum dentatum

54. Fresh Robust Emergent Marsh (WH.FEMS):Semi-permanently- to permanently-
flooded freshwater, non-tidal marshes dominateddttails, bulrushes, or by other robust
emergents. Somewhat arbitrarily separated fronwdteneadow habitat type
(WH.WMRH) by physiognomy, but also generally ocaugrin more permanently-
flooded conditions. Both communities are oftenndiogether in a wetland complex.
Cattail marshes occur on mineral soils or finesggdisoils (muck) where standing water
is present all year. However, they can occurvargety of topographic situations such as
protected lakeshore margins, low dune swales,amgaiargins of slow-moving streams
and rivers. Aquatic plants often form an “undemngttelow bulrushes and cattails.

Other associates include jewelweed, arrow arumldaiged arrowhead, sweetflag,
numerous sedges, and many others. Occurs throutffeoaeastern region and beyond.
Dominant/Subdominant Species- DominantTypha latifolia, T. angustifolia, Scirpus
tabernaemontani, S. acutus, S. fluviatilis, PhragmaustralisLythrum salicaria,
Hibiscus moscheutos

Associative SpeciesSparganium eurycarpupeltandra virginica, Carex aquatilis, C.
utriculata, C. lasiocarpa, C. lurida, C. rostrat&, pellita, Lysimachia thyrsiflora,
Verbena hastata, Thelypteris palustris, Asclepmsinata, Impatiens capensis,
Sagittaria latifolia, Scutellaria lateriflora, Sqous americanus, Utricularia minor, U.
intermedia, Lemnapp.,Menyanthes trifoliata, Acoruspp.

55. Seep and Rivulet (WH.SEEP)This habitat is a perennial wet seep, generally
occurring at the base of a steep slope, wheregrolahdwater discharges at the surface
throughout the year. It does not include acidepsge bogs. Known examples of this
habitat occur in Piedmont stream valleys. Thed tenhave substrates consisting of
coarse colluvium, with limited soil development gratches of exposed gravel on some
sites, and often have large (> 0.5 m diameter)gsied exposed quartz. Species
composition is highly variable, but known exampdes dominated by tussock sedge,
jewelweed, sensitive fern, halberd-leaf tearthuantmw-leaved tearthumb, skunk
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cabbage, and mosses. Associates may include-tragdattail, Virginia cutgrass,
American sweetflag, marsh fern, false nettle, rexge, mild water-pepper, cottongrass
bulrush, fowl mannagrass, winter bentgrass, doddetgate fern moss, and others.
Scattered woody species may also be present, inglued maple, smooth alder, black
willow, and spicebush. Within the mid-Atlantic req, it generally occurs outside of the
Coastal Plain.

Dominant/Subdominant SpeciesCarex stricta, Impatiens capensis, Onoclea sensjbil
Polygonum arifolium, P. sagittatum, Symplocarpietittus, Brachythecium rivulare,
Hygroamblystegium tenax

Associative Speciestypha latifolia, Leersia oryzoides, Acorus ameriggnT helypteris
palustris, Boehmeria cylindrica, Carex lupulina, liZgonum hydropiperoides, Scirpus
cyperinus, Glyceria striata, Agrostis hyemalis, Gutaspp., Thuidium delicatulum, Acer
rubrum, Alnus serrulata, Salix nigra, Lindera bemzo

56. Herbaceous Vernal Pool (WH.HVPO)This habitat includes isolated, depressional
wetlands which generally become inundated duriegatimter and early spring, but often
dry out by mid- to late-summer. Herbaceous vepoals are often dominated by
Walter’s sedge, Eaton’s witchgrass, twig rush,eghsay sedge, Canada rush, creeping
rush, boltonia, maidencane, reticulate nutrushiematerlily, Robbin’s spikerush, panic
grasses, and/or spikerushes. This habitat alsa eftludes patches 8phagnunspp.
Woody species occurring as isolated individualenfag clumps, or occurring along the
wetland edge may include buttonbush, sweet peppkrinigh-bush blueberry, swamp
fetterbush, red maple, sweet gum, persimmon, lack, swamp azalea or swamp white
oak. Vernal pools may be perched on clay loamsjay be groundwater-fed wetlands in
sandy loams. Overlying soils are generally wetriorduck, with no peat buildup except
for recently accumulated detritus. This habitatuss throughout the mid-Atlantic. On
the Coastal Plain of Delaware and Maryland, repragizes of this habitat type include
Coastal Plain Ponds, or Delmarva Bays.

Dominant/Subdominant Species€arex striata Dichanthelium spretunCladium
mariscoidesDulichium arundinaceumduncus canadensiduncus repen®oltonia
asteroidesPanicum hemitomaqrscleria reticularis Nymphaea odoratd&leocharis
robbinsii, Panicumspp.,Eleocharisspp.,Sphagnunspp.

Associative SpeciesPolygonum amphibium, P. hydropiperoides, P. pemsybum,
Glyceria pallida, Fimbristylis autumnalis, Rheximginica, Leersia virginica,
Proserpinaca pectinata, Bidens frondosa, Bidensaltea, Woodwardia virginica,
Scirpus cyperinus, Cephalanthus occidentalis, Ceé#inifolia, Vaccinium corymbosum,
Leucothoe racemosa, Acer rubrum, Liquidambar stfies; Diospyros virginiana,

Nyssa sylvatica, Rhododendron viscosum, Quercuaabic

57. Fresh Tidal Emergent Marsh (WH.FTMS): A complex of fresh emergent marsh
and open water found in oligohaline to freshwatatipns of tidal rivers and streams.
This habitat ranges from narrow marshes along tidsgks or sloughs to more expansive
communities on levees adjacent to watercoursesiaydnclude a variety of different
communities, with some of them being quite diver8aelatively common example is
dominated by wild rice, smooth bur-marigold, arramum, and halberd-leaf tearthumb.
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Some communities found on broad expanses of tidakmmay be dominated by a
combination of jewelweed, arrowhead and arrow ammle others situated over
submerged mudflats and point bars that are exparsigdat low tide may be dominated
by broadleaf pondlily and American waterlily. Othsimilarly-situated communities
may be dominated by arrow arum and pickerelweeoknétl pondweed dominates a
community found in the intertidal zone of frestotgohaline waters, and riverbank
quillwort dominates a community found in more imégly tidal situations. Dominant
species in other communities may include Parkepswort, yellow pondlily, strap-leaf
arrowhead, and/or mudwort. Associative specieadan these various communities
may include Nuttall's pondweed, river bulrush, grear-reed, common reed, hemlock
water-parsnip, rice cut-grass, water hemp, burgoéd sweet flag, giant cordgrass,
narrow-leaf cattail, broad-leaf cattail, arrow-ledwearthumb, dotted smartweed, dodder,
three-square, spikerush, spongy arrowhead, grassleavhead, American water-wort,
roundfruit hedge-hyssop, floating heart, and wattédlet. Soils are highly variable and
are composed of varying amounts of silts, silty ksyéine peat, to very coarse sands.
Found on the Coastal Plain of Maryland, DelawamyNersey and other coastal areas of
the mid-Atlantic.

Dominant/Subdominant SpeciesZizania aquaticaBidens laevisPeltandra virginica
Polygonum arifoliumimpatiens capensiSagittaria latifolia Nuphar advena,
Nymphaea odorata, Pontedaria cordata, Zannichglhdustris, Isoetes riparia,
Eriocaulon parkeri, Nuphar lute&agittaria subulataLimosella australis

Associative SpeciesPotamogeton epihydruScirpus fluviatilis Sparganium
eurycarpum, Phragmites australSium suavd_eersia oryzoidgsAmaranthus
canabinusBidens bidentoide#\corus calamusSpartina cynosuroide3ypha
angustifolig T. latifolia, Polygonum sagittatuni. punctatumCuscuta gronovjiScirpus
pungensEleocharis obtusgSagittaria calycinaS. gramineaElatine americana
Gratiola virginiana Nymphoides cordatd&chinochloa wateri

58. Brackish Emergent Marsh (WH.BEMS): This habitat includes mesohaline tidal
marshes that generally occur along estuaries battteeoligohaline and polyhaline
zones. The salinity of this habitat ranges froto %8 ppt. Although salt-marsh
cordgrass may dominate as it does in the highari#salow salt-marsh (WH.LSMS), this
habitat is often characterized by a diverse comtguwrith no clear dominant species. In
addition to salt-marsh cordgrass, this habitatoiteludes salt-meadow hay, big
cordgrass, narrow-leaf cattail, marsh hemp, olheyg-square, salt grass, marsh hibiscus,
salt-marsh bulrush, common reed, beaked spike-hlatl needlerush, and many other
species. Some possible associates, dependingdimitysand elevation within the marsh,
include switchgrass, eastern lilaeopBiglensspp., mock bishop-weed, halberd-leaf
tearthumb, Canada clearweed, spotted jewel wekltednaash fleabane, pickerel weed,
American bugleweed, marsh fimbry, stiff marsh bexst seashore mallow, many-
flowered pennywort, common three-square, blacksgrash, creeping spike-rushes, twig
rush, and erect coinleaf. Found on peat or mubktsates in estuaries on the Atlantic
Coastal Plain. Common in the mid-Atlantic.

Dominant/Subdominant SpeciesSpartina alternifloraS. patensS. cynosuroides
Typha angustifolipAmaranthus cannabinuScirpus americany®istichlis spicata
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Hibiscus moscheutpScirpus robustysPhragmites australisEleocharis rostellata
Juncus roemerianus

Associative SpeciesPanicum virgatum, Lilaeopsis chinensis, Bidepp.,Ptilimnium
capillaceum, Polygonum arifolium, Pilea pumila, latiens capensis, Pluchea odorata,
Pontederia cordata, Lycopus americanus, Fimbristghstanea, Galium tinctorium,
Kosteletzkya virginica, Hydrocotyle umbellata, as pungens, Juncus gerardii,
Eleocharis fallax, E. palustris, Cladium mariscasd€entella erecta

59. Low Salt Marsh (WH.LSMS): Regularly (diurnally) flooded salt marsh dominated
by salt-marsh cordgrass, which often appears ta fomonospecific stand, with
infrequent associates including glassworts in pansea-lavender, spearscaleashore
mallow, marsh hibiscus, salt-marsh fleabane, garassg salt-meadow hay, big
cordgrass, black-grass rush, black needle-rushsalhgrass. This habitat occurs on
shallow to deep peats along the Atlantic Coastm@on in the mid-Atlantic.
Dominant/Subdominant SpeciesSpartina alterniflora

Associative SpeciesSalicorniaspp.,Limonium carolinianum, Atriplex prostrata,
Kosteletzkya virginica, Hibiscus moscheutos, Plaabaorata Tripsacum dactyloides,
Spartina patens, S. cynosuroides, Juncus gerardigemerianus, Distichlis spicata

60. High Salt Marsh (WH.HSMS): Consists of communities dominated by salt-meadow
hay in the higher elevations of salt and brackisingines where only unusually high tides
reach. This species tends to dominate the higimahere it forms meadows,
characterized by cow-licked mats, at slightly higllevations in relation to the adjacent
low marsh. Other common species include salt grdssh may be subdominant in some
areas, sea lavender, seaside gerardia and comasswglrt which are found in pannes,
annual marsh pink, and black-grass rush. Somepsrof the high marsh may be
dominated by clumps oblack needle-rush, which gen