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I. Introduction to the North Atlantic Coast Ecoregional Assessment
Introduction to the Ecoregional Assessment

In 1999 The Nature Conservancy (TNC) prepared a first iteration ecoregional plan for the North Atlantic Coast (NAC) Ecoregion. That first iteration identified several key deficiencies to be addressed in a next iteration: 1) it did not identify large unfragmented blocks of forest; 2) it did not address freshwater aquatic features; and 3) a small set of natural communities were addressed with limited amounts of Natural Heritage data.

In the fall of 2003 TNC began preparation for a second iteration of an ecoregional assessment that would better address these components as well as incorporate a significant amount of new inventory and new conservation efforts.  This plan analyzes a large subset of the rare species and rare and common natural communities within the ecoregion.  The focus is largely terrestrial, however, this analysis ventures into the marine realm to include certain types of shallow tidal waters such as salt marshes and coastal salt ponds as well as migratory fish that link marine and freshwater systems.  Rare species analyzed in the first NAC plan are updated (fish species have also been added) with new state Heritage Program data.  Much of the ecosystem analysis is new including unfragmented and matrix blocks, modeling of many systems including many freshwater wetlands, salt marshes, and rocky shorelines, as well as a tidal river analysis and incorporation of more recent state Natural Heritage Program data.  Recent aquatic ecoregional planning focused on medium and large river systems, so these systems are only included on the final portfolio maps; only small coastal (Size 1) river systems are analyzed in this plan.  Lakes and ponds were not comprehensively assessed, but some are captured in the species or ecosystem selections.  Maine has also completed a lakes and ponds assessment as part of its aquatic portfolio, but this data is not included in this plan.

The NAC Ecoregional Planning Team was led by Mark Anderson of TNC.  Doug Bechtel was the lead for plant targets; Bob Allen and Mariana Upmeyer were the leads on mammals; Bob Allen and Nancy Sferra were the leads on birds, Mark Carabetta on herptiles, Karen Lombard on terrestrial invertebrates, and Alison Bowden for aquatic invertebrates and fish.  Mark Anderson, Charles Ferree, and Julie Lundgren led the assessment of ecosystems and communities and Arlene Olivero led the assessment of freshwater systems.  Dan Morse and Charles Ferree compiled, analyzed, and integrated the many layers of geographic information essential for the plan. The many others who contributed to the assessment are listed in relevant portions of the plan.
The biological resources of the North Atlantic Coast are facing intense pressures.  Millions of people live within and visit the ecoregion – posing a variety of major threats to the region’s ecological integrity.  This plan sets forth a bold agenda for responding to these threats – by identifying a plan for preserving landscapes and sites that harbor much of the North Atlantic Coast’s remaining biological diversity.
Introduction to North Atlantic Coast Ecoregion
Geography

The North Atlantic Coast Ecoregion (NAC) consists of parts of nine states (DE, PA, NJ, NY, CT, RI, MA, NH, ME) and their near shore marine waters.  The land and freshwater component of the ecoregion encompasses 12.7 million acres in a narrow band from the southwestern shore of Delaware Bay north to Pemaquid Point in Maine.  The widest portion of the ecoregion is eastern Massachusetts (78 miles from the coast to the eastern border of the Lower New England Ecoregion) and the narrowest is 6 miles at the mouth of the Hudson River.  The ecoregion is approximately 465 miles long from north to south. 

Major river systems within NAC include the Kennebec, Androscoggin, and Saco Rivers in Maine, Piscataqua River in New Hampshire, Merrimack and Taunton Rivers in Massachusetts, Connecticut and Housatonic Rivers in Connecticut, Hudson River in New York, and the Delaware River between Delaware and New Jersey.  The major estuaries include Merrymeeting Bay in Maine, Great Bay in New Hampshire, Hudson River Estuary, and Delaware Bay.  Migratory fish were analyzed by freshwater ecoregion.  The North Atlantic Freshwater Ecoregion encompasses most of New England, Nova Scotia and New Brunswick south to the Chesapeake Bay watershed.

Subsections and Subregions

The North Atlantic Coast Ecoregion is divided into eleven subsections (two in the marine realm), which in turn were grouped into four subregions: Gulf of Maine, Cape Cod, Long Island Sound, and New Jersey/Delaware (Table 1, Figure 1).  Subsections were used to set plant and animal species goals, while the subregions proved to be distinct and useful divisions for setting natural community and ecosystem goals as well as evaluating threats and strategies.  
Table 1.  NAC Subregions and Subsections

	Northern Atlantic Coast Ecoregion



	Gulf of Maine Subregion


	Cape Cod Subregion
	Long Island Sound Subregion
	New Jersey/Delaware Subregion



	212 Db  Penobscot Bay Coast

221Ak  Gulf of Maine Coastal Plain Lowland


	221Aa  Boston Basin

221Ab  Cape Cod Coastal Lowland and Islands

221Ac  Narragansett-Bristol Lowland and Islands
	221Ad  Southern New England Coastal Lowland

232Aa  Long Island Coastal Lowland and Moraine

232Af   Long Island Sound


	232Ab  New Jersey Outer Coastal Plain

232Ac  New Jersey Inner Coastal Plain

232Ae  Delaware Bay
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Figure 1:  The eleven subsections and four subregions in NAC 

Geology and Topography

The mainland and offshore islands are typified by generally flat topography, scattered morainal features, outwash plains, and glacial ice contact features (Figure 2).  Elevations reach only 600 feet at Mt. Agamenticus in southern Maine.  The Laurentide Ice Cap, which reached its maximum advance 23,000 years ago, deposited sediment along its southern boundary which today form the barrier islands of Long Island, Martha’s Vineyard, Nantucket, Block Island and other smaller islands.  By 15,000 years ago, the ice shield had retreated from the Gulf of Maine, leaving behind moraines that acted as dams, creating three significant glacial lakes in northern New Jersey and southeastern New York: Lake Passaic, Lake Hackensack, and Lake Flushing. Glacial deposits on Cape Cod are estimated to be 200 to 600 feet deep.  Sediment deposition from flooding south of the extent of glaciation formed much of Delaware and New Jersey.  Kettle holes formed by ice blocks buried by glacial sediments resulted in present day coastal plain and outwash ponds.

Much of NAC north of the Merrimack River in New Hampshire is characterized by fine sediment deposits over sedimentary and granitic moderately calcareous bedrock.  Fine sediment deposits are lacking south of the Merrimack River to southern Connecticut (excluding Cape Cod and the islands) except along certain streams.  The bedrock tends to have a high proportion of maritime granitic and mafic rock with very little calcareous bedrock included.  Coarse sediments are found along major rivers.  Cape Cod and the islands, Long Island, and New Jersey are characterized by coastal outwash sands, including wet estuarine marsh complexes.
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Figure 2: Topography of NAC

Climate

The temperate climate of NAC is characterized by mild humid weather.  Climate tends to be tempered by coastal waters resulting in cooler summer temperatures and warmer winter temperatures than those found farther inland.  Normal precipitation averages between 40 and 45” per year.  Daily mean temperature averages 45o at the northern portion of NAC and 54o at the southern boundary of the ecoregion.  Average July temperature for Portland, ME is 78o compared to 86o for Wilmington, DE and average January temperature for Portland, ME is 30o compared to 39o for Wilmington, DE. Average annual relative humidity for Portland, ME is 70% compared to 85% for Wilmington, DE.
Ecological Description

For much of its length, the North Atlantic Coast Ecoregion is bordered by the Lower New England Ecoregion with the exception of the extreme northern reaches in Maine which are bordered by the Northern Appalachians Ecoregion and the extreme southern reaches in Delaware bordered by the Chesapeake Bay Lowlands Ecoregion.  The NAC coast is bordered by two marine ecoregions including the Virginian Province (Cape Hatteras to south Cape Cod) and Gulf of Maine/Bay of Fundy (Great South Channel to Bay of Fundy).  The influence of marine waters both on the climate and the natural processes that shape the freshwater and terrestrial systems creates a unique assemblage of ecosystems in NAC. Coastal plain ponds, sea level fens, tidal marshes, beach and dune complexes, and pitch pine barrens are characteristic systems found within the ecoregion.  Small streams that drain directly to the ocean are numerous within NAC.  These streams are typically low gradient meandering streams occurring on coastal flats with both a freshwater component and a lower tidal brackish creek and/or salt marsh system. 

Development has led to a high level of fragmentation of the natural features of the ecoregion. Historically, the North Atlantic Coast was covered by a nearly continuous forest which graded from a mesic, mixed oak coastal plain forest -- to drier oak-heath forests -- to a white pine/oak/hemlock forest at the northern end of the ecoregion.  Patch communities, including wetlands, grasslands, heathlands and pine barrens, were imbedded in the matrix forest.  Today, following 300 years of land clearing, agriculture, and widespread urban, suburban, and rural development, NAC’s large swaths of forest are gone.  Although there are several large unfragmented forested blocks remaining in NAC (the largest remaining unfragmented habitat block in NAC is within the New Jersey pine barrens (75,872 acres) these are limited compared to adjacent ecoregions. The highly fragmented nature of this ecoregion precludes significant restoration opportunities for most forest types.

Many of the region’s smaller ecological systems -- barrier beaches and dunes, salt marshes, pine barrens, and freshwater wetlands – persist in this region with surprising health and vigor, however.  These ecosystems, and the plants and animals that they contain, present major conservation opportunities and challenges.
Biodiversity

The North Atlantic Coast Ecoregion harbors a remarkable array of biodiversity, with over 100 imperiled species, 13 of which are endemic to the ecoregion.  The ecoregion’s biodiversity is sustained by glacial history, sandy coastal plain soils, coastal processes, fire, and mild humid climate.  The interface of land and sea along this long stretch of coastline gives rise to significant concentrations of biodiversity in the Delaware Bay and bayshores, the South Shore Estuaries and Peconic Estuary of Long Island, Buzzard’s Bay, the Merrimack and Parker River Estuaries in Massachusetts, Great Bay in New Hampshire, and the Lower Kennebec River and Merrymeeting Bay in Maine.

Flanking the coast are vast stretches of salt marsh with brackish and freshwater tidal marshes developing at the upper reaches of tidal rivers and creeks.  The extent of tidal marshes becomes smaller to the north as a rocky coastline begins to develop.  Dunes and beaches, the most threatened ecosystem in the ecoregion, trace a thin band along much of the ecoregion’s coast, decreasing in length to the north.

The rarest species (G1-G3) in the ecoregion are generally habitat specialists restricted to the rarest or most threatened ecosystems.  Examples of such species concentrations include:

· Beaches & Dunes:  piping plover, seabeach amaranth, sea-blight, Northeastern beach tiger beetle, seabeach knotweed, and Papaipema duovata (a stem borer moth).


· Maritime Grasslands/Heathlands:  sandplain gerardia, Nantucket shadbush, bushy rockrose, regal fritillary (now believed extirpated in ecoregion).


· Brackish & Freshwater Tidal Rivers:  short nose sturgeon, Atlantic sturgeon, Eaton’s beggars ticks, Maryland bur-marigold, sensitive joint vetch, Parker’s pipewort, Long’s bittercress.


· Coastal Plain Ponds:  lateral bluet and pine barrens bluet damselflies, Hirsts’ panic grass, creeping St. Johnswort, Boykin’s lobelia, Plymouth gentian, slender arrowhead, awned meadowbeauty.


· Pine Barrens: Knieskern’s beaked rush, New Jersey rush, Bog asphodel, resinous boneset, Pine Barrens gentian, swamp pink, Torrey’s dropseed, curly grass fern, and coastal barrens buckmoth. 
Land Use/Land Ownership
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The ecoregion is heavily settled with 26% of its area developed, 14% in some form of agriculture and the remaining 60% in natural or semi-natural cover (Figure 3). Land ownership is mostly private although one million acres (14%) is permanently secured against conversion to development.  Most of the secured land (88%) is publicly owned state land that is intended for multiple uses. A smaller percentage (3%) is secured expressly for nature conservation. Among the latter, public lands account for 65% and these are distributed among federal, municipal and state owned lands. Private land accounts for 65,597 acres, or 35%, of the land area secured primarily for nature, with Nature Conservancy land accounting for 5% (9,191 acres) of that.  
Figure 3.  Land cover on NAC ecoregion
IIA. Introduction to Ecosystem Targets in the North Atlantic Coast Ecoregion
Coarse-filter and Fine-filter Targets

The conservation of biodiversity encompasses all aspects of the natural world from complete ecosystems with all their associated species, structural components and ecosystem functions down to a single rare species. This comprehensive approach to conservation is referred to as “coarse-filter / fine-filter” strategy. The coarse-filter targets are the ecosystems that characterize a region and define its landscapes. These targets not only implicitly conserve up to 99% of the species present in an ecoregion, but also maintain the larger ecological context and processes. “Fine-filter” targets are the relatively few species that will not be adequately conserved through the protection of ecosystem, but require individualized conservation attention. 

Ecosystem Definitions

The classic definition of an ecosystem is an ecological community, together with its environment, functioning as a unit. On the ground an ecosystem is delineated by an area having a distinctive biota and characteristic physical setting. The term, however, does not imply any particular size or scale.  Floodplain forests, salt marshes, kettle-hole bogs and dune and beach complexes are examples of moderately sized ecosystems. At smaller scales, ecologists recognize ecosystems such as rocky shores, sea level fens, coastal plain pondshores and rocky summits. These relatively discrete systems are associated with a discernable topographic setting, geologic situation or a dominant process and occur across the landscape in distinct patches. For this assessment we treated the patch-forming ecosystems using the standard Natural Heritage approach of defining “occurrences” based on the distinguishable boundaries of the feature.  The analyses completed for these systems are discussed in the small scale ecosystem chapter.  In contrast, a few ecosystem types dominate the natural land area forming a continuous background matrix surrounding the patch systems. We treated these matrix-forming ecosystems somewhat differently by defining boundaries using roads and fragmenting features or in the case of tidal wetlands, hand-delineated occurrences out of a continuous background with no inherent natural boundary.  In the North Atlantic Coast ecoregion, matrix systems were primarily inland forest types, but large tidal wetlands had many matrix-like characteristics and we approached them in a similar way.  The analyses completed for matrix forming systems are discussed in the large scale ecosystem chapter (however, the tidal wetlands are included in the small scale chapter).  

Our approach to locating and selecting critical occurrences explicitly recognized this spatial hierarchy. For example, a large area dominated by pitch pine or oak forest (a matrix-forming system) may contain a network of bogs, swamps and/or barrens (large patch systems) and even smaller settings of cliffs, outcrops and/or pondshores (small patch systems). Similarly tidal wetland complexes contained smaller scale features such as tidal flats, salt marshes, and/or salt ponds as well as small patch examples of beach-dune systems and rocky shores. Patch-forming ecosystems are often richer in species diversity than the matrix-forming ecosystems that surround them and are often of high interest to conservationists as “special habitats.” Regardless of scale, all ecosystems are still coarse-filter targets. They are composed of many individual species populations and conservation activity is best directed at maintaining the entire system. 

For this assessment, it was the charge of the ecology team to identify the vegetation types, landscape features, geologic formations or natural process that formed distinct ecosystems. Toward this end a list of all potential ecosystems was compiled for the ecoregion based on natural community records from the state Natural Heritage programs and the U.S. National Vegetation Classification (NVC
) which is a hierarchical classifications organized by vegetation structure, composition and hydrologic regime. Natural Heritage community element occurrences (mapped locations) are named according to each state’s classification so it was necessary to tag all of these records to the NVC system or similar scheme to enable assessment across state lines.  Preliminary units for ecoregional targets were identified at the taxonomic scale of the NVC system with a list of corresponding associations defined by the full floristic composition of the unit. Descriptions of the species composition, the physical setting, the typical size range of an occurrence and its distribution in the ecoregion were available from NatureServe’s classification and the first iteration of the  NAC plan completed in 1999.

Ecosystem Models: Defining and Delineating the Ecosystem Targets

The NatureServe and Natural Heritage classifications supplied a vision and understanding of the types of ecosystems that occurred in the ecoregion. However these taxonomies were created primarily for the purpose of cataloging ground inventory data collected in the field.  In order to comprehensively locate, identify and assess examples of every ecosystem type across the entire region we needed to develop new ecosystem mapping and modeling techniques consistent with the classification systems. For NAC we relied on a combination of physiographic modeling and existing wetland and shoreline coverages to represent the vegetation systems.

Data Sources and Mapping Conventions

The raw materials needed to comprehensively map and model ecosystem types now exist. Land cover was available at the 30 meter scale (National Land Cover Data (NLCD)) as were digital elevation models (DEM). Detailed wetland mapping has been done by many state programs as well as nationally by the National Wetlands Inventory (NWI; Cowardin et al. 1979).  Only recently was the NWI dataset available in a continuous digital coverage across the region.  Despite some inconsistencies in photo-interpretation consistency, accuracy and coding across state lines, the NWI provides the most detailed ecoregion-wide GIS based wetland data available.  Other more detailed state wetland data cannot be used for ecoregion-wide analysis due to differences in scale and methods from state-to-state, however, this data will be useful to states as they move forward on further prioritization or site planning.

Detailed shoreline land cover was available for several states with marine rocky shore ecosystems (e.g., Maine Coastal Mapping project). Shoreline data was also compiled in part from the National Wetlands Inventory were it was mapped as Estuarine or Marine Intertidal Rocky Shore (E2RS, M2RS).  Regionally, the Environmental Sensitivity Index (ESI) compiled from NOAA (ESI and Fedana et al. 2004) provided a more detailed picture of the exposure and stability of the shoreline and separated out those areas that were dominated by man-made features such as seawalls and reinforced boulder shores. Lastly, adjacency of a shoreline to a mapped Aquatic Bed (NWI code E1AB, E2AB, M1AB or M2AB) was evaluated.

Uniform maps of landforms and topological features were derived from 30 meter digital elevation models using methods described elsewhere for other ecoregions (Anderson 1999).  We classified and mapped the landform coverage into 14 topographic settings (not all occur in the NAC ecoregion) that collectively covered 100% of the landscape: 

· Flat summit



Slope crest

· Upper slope



Cliffs and steep slopes

· NE facing side slope


SW facing side slopes

· NE facing bowls & ravines

SW facing bowls & ravines 

· Gently sloping hills


Dry flats and valley bottoms

· Wet flats and wetlands


Slope bottom flats

· Lakes and ponds


Rivers and streams

Relationship between the mapped features and the classification

Relationships between the mapped/modeled units and the NVC/NatureServe community classification units were studied and made explicit through the overlay of over 5,000 ground inventory points for community types provided by the Natural Heritage programs. Some relationships were directly synonymous (e.g. rocky shore ecosystem = NatureServe Atlantic rocky coast system) others were more complex and we characterized them quantitatively. These relationships are discussed in the individual ecosystem sections. 

After examining the relationship between the models and the Natural Heritage element occurrences we simplified the models and mapping units to encompass key settings that were highly correlated with, and logical surrogates for, patch-forming ecosystems in this ecoregion.  The final set of mapped units included:

Uplands 

Beach-dune ecosystems

Rocky shore ecosystems
Maritime woodland, heathland, grassland ecosystems

Cliff and steep slope ecosystems

Summit ecosystems

Bowl, ravine and cove ecosystems

Wetlands



Tidal wetlands 

Freshwater forested wetlands



Freshwater open wetlands 

                        
Riparian and floodplain ecosystems

Other topographic settings, particularly side-slopes, gently sloping hills, dry flats and valley bottoms were associated with matrix-forming forest. Matrix forest was treated in a customized way described in the large scale ecosystem section of this plan.  Some systems could not be modeled with the precision we required (e.g. coastal plain pond shores, salt ponds and heath barrens), and these were identified solely from the ground inventory data from Natural Heritage records and local knowledge. 

Stratification across Gradients
To develop specific conservation goals for the patch-forming ecosystems, the models were stratified across a spectrum of biophysical settings encompassing the important ecological gradients identified for the ecoregion. To allow for this, consistent ecoregion-wide data layers were compiled for three physical factors (state and national data sets provided the data sources): 

· Ecoregional subsections

· Bedrock and surficial geology

· Elevation zones (where relevant)

Geologic units were simplified from local taxonomies to single regionally uniform units. For instance all types of calcium-bearing rocks (limestone, dolomite, dolostone, marble etc) were mapped as “calcareous bedrock” and its presence coincided with fertile soils associated with certain rare species, ecosystem types, and agriculture.  The compiled maps of each factor are presented in the map atlas section of this document. 

Some systems were stratified only across geographic gradients (e.g. subsections) whereas bedrock dependent models such as summits and basin wetlands were stratified across substrate types and elevation zones. The stratification scheme used for each model is described in the corresponding ecosystem section. In all cases the decisions on stratification were guided by the distribution of the various natural communities across the ecoregion to insure that important biotic variation was captured by the ecosystem models.
Data on known ecosystems and communities locations were tagged to a standard classification before being overlaid on the modeled occurrences. This allowed for confirmation of fine-scale ecosystem types. Our objective was for each model to closely approximate a taxonomically defined ecosystem target. An ecosystem target was defined as an occurrence in a specific biophysical and geographic setting (Table 1).
We tried to minimize the inevitable confusion between classification and stratification.  Classification was used to group the ecosystems into broadly similar types approximating the level of the NatureServe “Systems.” We then used stratification to ensure coverage of finer-scale types approximating the NatureServe “Association” level. 

A detailed example of how these relationships coincide is shown in Table 2. This example, although not from the North Atlantic Coast ecoregion, illustrates the basic principal – e.g. if you protect examples of cliffs across all elevations and all bedrock types you should, in theory, be covering all the various types of cliffs in the classification system. This is shown in the table by comparing the left half with the right half. For instance,  in the first row a cliff at low elevation on acidic sedimentary rock is equivalent to the NatureServe System named “acidic cliff/talus” and to the NVC Association named “Sandstone dry cliff sparse vegetation.” Ecoregional goal information is given in the middle columns.

We used this method of identifying examples of ecosystems types across geographic and ecologic gradients to cover all biophysical variants of the ecosystem.  There was an unavoidable reduction in certainty but the confirmation of ecosystems with a ground inventory point from a community or a species occurrence gave us confidence in the approach. Further, several authors have argued that the biophysical approach may give better results given the dynamic nature of the region and the changes expected to result from shifts in climate and hydrology. 
Table 1. Relationship between ecosystem models and their biophysical settings with NatureServe ecological system taxonomy and National Vegetation Classification associations in the North Atlantic Coast
	Final Ecosystem Set 
	# Strati-fications
	Ecological Systems (NatureServe)

	Bowl, ravine, and cove ecosystems
	
	Sugar Maple – Hardwoods Forest (rich)

	Cliffs and steep slope ecosystems
	
	Acidic Cliff & Talus

	 
	
	Circumneutral Cliff & Talus

	Rocky shore ecosystem
	
	Atlantic Rocky Coast

	Beach-Dune ecosystem
	
	Beach-Dune ecosystem

	Coastal Plain Pondshore
	
	Coastal plain pondshore

	Salt and Brackish marsh
	
	Estuary Marsh

	 
	
	Salt Marsh

	 
	
	Brackish Marsh

	
	
	Salt pond

	Freshwater open wetlands
	
	Acidic Open Fen

	
	
	Alkaline Open Fen

	 
	
	Sea level fen

	 
	
	Wet meadow

	 
	
	Kettlehole Fen

	
	
	Patterned Acid Fen

	
	
	Patterned Alkaline Fen

	
	
	Shoreline Marsh

	Freshwater forested wetland
	
	Acidic Swamp

	 
	
	Circumneutral Swamp

	 
	
	Enriched Seepage Forest

	 
	
	Forested  Fen

	Matrix forest
	
	Oak and Oak-hickory forest

	 
	
	Pine – Oak and Pitch Pine forest

	 
	
	White pine- hemlock forest

	 
	
	Oak-Pine-Hemlock Forest

	 
	
	Sugar Maple – Hardwoods Forest

	Maritime woodlands, heathlands and grasslands
	
	(no NVC system for maritime grassland and shrublands)

	Riparian and floodplain ecosystems
	
	Ice-Scour Rivershore

	 
	
	Inland Rocky Shore

	 
	
	Alluvial Grassland

	 
	
	Temperate Floodplain

	Summit ecosystems
	
	Acidic Rocky Outcrop

	 
	
	Circumneutral Rocky Outcrop

	 
	
	Oak-Pine Woodland


Table 2 .  The relationship between the ecosystem model stratification and the NVC classification. Targets were identified as a landform model (column 1) stratified across elevation and bedrock (column 2 and 3). Columns 4-7 provide information on the number of occurrences in the ecoregion, the conservation goal set and the total selected for the portfolio. Columns 5-6 show the equivalent ecological system type and corresponding association(s). This example is from the Northern Appalachian Ecoregion. 

	Cliff, Talus and Steepslope Ecosystems
	 
	 

	LAND FORM
	ELEV.
	BEDROCK
	Total in Region
	% in Region
	Goal
	Total Selected
	Nature

serve System
	NVC association: most likely type or types

	Cliff and Steep slopes
	0-800’
	Sedimentary
	424
	10%
	37
	100
	Acidic cliff/talus
	Sandstone Dry Cliff Sparse Vegetation

	
	
	Granites
	223
	5%
	19
	41
	
	Q. rubra – B. alleghaniensis / P. virginianum Woodland

	
	
	Mod Calc/ Mafic
	168
	4%
	14
	12
	
	Igneous - Metamorphic Northern Dry Cliff Sparse Vegetation

	
	
	Calcareous
	27
	1%
	2
	14
	Calcareous cliff/talus
	Thuja occidentalis Cliff Woodland

	
	800-2500’
	Sedimentary
	1399
	32%
	121
	268
	Acidic cliff/talus
	Sandstone Dry Cliff Sparse Vegetation

	
	
	Granites
	717
	16%
	62
	78
	
	Granite - Metamorphic Talus Northern Sparse Vegetation

	
	
	Ultramafic
	9
	0%
	2
	4
	
	Serpentine Cliff Sparse Vegetation?

	
	
	Mod Calc/ Mafic
	428
	10%
	37
	98
	
	Igneous - Metamorphic Northern Dry Cliff Sparse Vegetation 

	
	
	Calcareous
	96
	2%
	8
	32
	Calcareous cliff/talus
	Limestone - Dolostone Midwest Dry Cliff Sparse Vegetation

	
	2500-4000’
	Sedimentary
	255
	6%
	22
	46
	Acidic cliff/talus
	Sandstone Dry (or Moist) Cliff Sparse Vegetation

	
	
	Granites
	376
	9%
	32
	67
	
	B. papyrifera – P. glauca / A. spicatum/ P. virginianum Talus

	
	
	Ultramafic
	24
	1%
	2
	17
	
	Serpentine Cliff Sparse Vegetation?

	
	
	Mod Calc/ Mafic
	244
	6%
	21
	39
	
	Igneous - Metamorphic Northern Dry Cliff Sparse Vegetation

	
	4000+
	Sedimentary
	11
	0%
	1
	8
	Alpine cliff 
	Lichen Fellfield Sparse Vegetation 

	
	
	Granites
	1
	0%
	1
	1
	
	Lichen Fellfield Sparse Vegetation 

	
	
	Mod Calc/ Mafic
	5
	0%
	2
	4
	
	Lichen Fellfield Sparse Vegetation 

	[image: image20.emf]Shoreline Complexity Comparison

A: New Jersey coastal plain

B: Penobscott Bay Maine

A.

B.

Emergent Marsh

Beach /Dune

Unconsolidated shore

Aquatic bed

A

B

Emergent Marsh

Aquatic bed

Unconsolidated shore



	
	
	4407
	100%
	380
	829
	[image: image21.jpg]



	

	
	
	
	
	
	
	
	
	

	Stratification
	Classification


After developing a map of ecosystems, individual examples of each ecosystem type were converted to discrete polygons or “modeled occurrences” using GIS region-group techniques allowing for assessment of each target across the ecoregion. Subsequently 100 to 100,000 examples of each described ecosystem were located and extensive information was assembled for each example relative to condition, landscape context and verification by other data sources (e.g. Natural Heritage element occurrences) (Table 3). Each modeled occurrence was individually screened as to its potential contribution towards conserving biodiversity using methods described below. The best examples were selected for the portfolio using representation goals to ensure that the selected examples were located across a spectrum of environmental settings. 
Table 3: Example of a data compiled for one modeled occurrence of a coastal beach-dune system

	Wetland  id#
	Beach 433
	In Matrix Block?
	No

	Target type
	Beach – dune on coarse sediments
	In Coastal Unfragmented block
	No

	Size in Acres
	5,910
	# of Dams
	0

	Size class
	4 (Largest)
	Housing density pressure
	0.0012

	State or Province
	MA
	Land cover index
	11

	Subregion
	Cape Cod Coastal Lowlands & Islands
	% in  GAP 1 or 2
	83

	Adjacency
	Adj. to Herring river
	%  in GAP 3
	0

	Geology
	Coarse sediments
	Distance to road: min
	76

	% Deciduous
	NA
	Distance to road: mean
	76

	% Conifer or Mixed
	NA
	Nearest road class
	Water body

	% Swamp
	NA
	Site name
	Cape Cod seashore

	% Emergent
	NA
	EO communities
	Maritime Dune and other communities

	Elevation Zone
	Very low 20’-800’
	EO species
	45 breeding species occurrences – plants, birds, reptiles, inverts.

	Aquatic targets
	None listed 
	EO rank
	Various A-C 


During the screening process described below, quantitative methods were used to maximize the stacking of fine-scale targets within larger scale targets, but the co-occurrence of targets was not a requirement for inclusion in the portfolio. A key tenet of this effort was to maximize the utility of our data products to others by providing a comprehensive, transparent and objective analysis of the biodiversity targets in the ecoregion. We expect that other organizations will access the data, study the analysis and draw their own conclusions. 

Identifying Critical Examples: Screening Occurrences and Determining Their Relative Importance 

Is it possible to permanently conserve all the biodiversity of an ecoregion using only a small proportion of the landscape? The answer to this question has not been scientifically established.  While The Nature Conservancy, and many of its partners, recognizes the futility of trying to protect every acre of land or body of water, current research offers convincing evidence that certain places, and particular occurrences of key features, play a more important role in maintaining regional biodiversity than other places and features.  Thus the question driving this analysis was - which sites are the most critical to protect to insure the conservation of all biodiversity across the ecoregion?

The influence of a particular ecosystem example on maintaining regional biodiversity may be due to its being particularly complete with respect to its component species or the occurrence may serve as source habitat for characteristic species and thus play a pivotal role in exporting individuals to the larger landscape. Ecologically complete occurrences contain all necessary parts of the ecosystem such as a full complement of associated species, key structural components and functioning processes that maintain dynamics. 
High quality examples contain habitat, in which the component species thrive because the habitat provides adequate resources, minimizes mortality and facilitates reproduction. Source areas consistently produce surplus individuals (juveniles or propagules) that emigrate to the larger landscape. The antithesis of source habitat, sink areas, are habitat patches where species subsist but are not reproducing or where mortality rates are very high. Populations in sink areas may persist over time, but they are generally subsidized from the source habitats.  High quality habitat may also serve as refugia or strongholds of rare or uncommon species that have already disappeared from much of the surrounding. 
We established and applied screening criteria to every ecosystem example to determine if it was likely to be a critical occurrence and qualify for the portfolio. Those that did not meet the criteria were classified as supporting occurrences – important but not crucial to the conservation of biodiversity in the ecoregion. The criteria we used to separate the critical occurrences from the supporting ones were: 

· Size of the occurrence. 

· Landscape context surrounding the occurrence. 

· Condition of the occurrence.

Criterion 1. Size of the occurrence:   Acreage thresholds for ecosystems were based on the minimum dynamic area needed for a modeled occurrence to absorb and recover from typical disturbances.  Additionally we used the minimum area requirements of associated species and the average territory size of breeding species associated with the ecosystem. The latter allowed us to estimate whether a given species would likely be present and whether there was physical space for at least 25 breeding territories to allow the population to persist (Figures 1 and 2). Details on this approach may be found in Anderson (1999). 

Figure 1. Minimum dynamic area and breeding territory sizes for North Atlantic Coast salt marshes. 
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Using ground survey information provided by the Natural Heritage programs we assembled evidence on the relationship between occurrence size and species presence by calculating the average size of an ecosystem occurrence in which a particular species, or group of species had been found (Figure 2). 

Figure 2.  The average size and size range of salt marshes where confirmed occurrences of characteristic species were found. Data is  from Natural Heritage programs, restricted to species with five or more occurrences. Note that this table represents presence at sites rather than species area requirements. 
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Criterion 2. Landscape context:  This measure refers to the relative amount of development, agriculture, quarries, roads or other fragmenting features within an area directly surrounding a specific modeled ecosystem occurrence. It provided an estimate of the isolation of the occurrence as well estimates of future encroachments on the occurrence. To assess landscape context we developed a landscape context index (LCI) based on these features within a one kilometer radius surrounding the occurrence (Figure 3). Base data layers included roads, high intensity developed lands, low intensity developed lands, agriculture, quarries and natural cover. 

Figure3. Schematic of Land Cover Index (LCI).  An LCI below 20 indicated that the occurrence was surrounded primarily by natural cover. Higher LCIs  indicated increasing amounts of roads, development and agriculture, Occurrences with LCIs above 50 were usually rejected as critical occurrences.
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Criterion 3. Condition: This measure refers to the internal state of the modeled occurrence. Had the example been ditched, dredged, mined, clear-cut, or otherwise degraded? Was it overrun with exotic pest species? We evaluated condition by requiring that every selected modeled occurrence be corroborated by an independent source such as a Natural Heritage ground inventory point. Other acceptable evidence was if the modeled occurrence was coincidence with a described Audubon or Fish and Game important bird area or if it received expert confirmation by a recognized authority. For this verification we are greatly in debt to the Natural Heritage programs who contributed over 8,000 ground inventory points.  

Our screening process filtered out many examples that may be capable of persisting through time, particularly if augmented by management, but our intent was to identify the most crucial examples of each target necessary to protect to maintain biodiversity across the ecoregion. Selected examples were judged to be extremely significant and vital to the resolution of the biodiversity crisis in this region. To avoid confusion we opted NOT to use the term viable, in reference to these examples instead referring to them as qualifying and to those selected for the portfolio as critical occurrences.
Setting Numeric Goals

Minimum numeric and distribution goals were set for each target based on the factors of representation and replication. Goals were used primarily to identify and measure gaps in portfolio sufficiency, however the numeric goal also represents the smallest number of examples we think are needed to represent the target across all important gradients with a minimal degree of redundancy.  Minimum acreage goals were calculated by multiplying the numeric goals times the minimum size criteria. For instance, if ecosystem “A” had a goal of 100 examples and if each example had to be at least 50 acres than the minimum area needed is 5,000 acres. 

Replication and Redundancy:  The objective of the replication goal was to minimize the risk of a given target disappearing by insuring that we had more than one example in the portfolio.  Like back-up engines on an airplane, reliability theory suggests that many moderate quality/small examples might have the same probability of persisting over a century as fewer high quality/large examples.  Thus we adjusted the numeric goal according to the scale of the target.  For matrix forest blocks, which are huge in size, we required only 2 or 3 replicates whereas small features like cliffs needed 20 to 30 replicates. 

Replication for Patch forming ecosystems: Global range and distribution pattern: To assess and highlight the importance of a particular ecosystem with respect to this ecoregion, each type was tagged with one of four range-wide distribution categories — Restricted, Limited, Widespread, Peripheral — all measured relative to the ecoregion. The ecology technical teams accomplished this by using global distribution estimates available from the state Heritage Programs, NatureServe and other sources available at the Eastern Conservation Science center. The definitions listed below were treated as approximations allowing for a certain amount of acceptable error. Determining and clarifying the true range-wide distribution of each community type is a long-term goal of the classification authors.

Restricted/Endemic: Occurs primarily in this ecoregion; it is either entirely endemic to the ecoregion or generally has more than 90% of its range within the ecoregion.

Limited: Occurs in the ecoregion of interest, but also within a few other adjacent ecoregions (i.e., its core range is in one or two ecoregions, yet it may be found in several other ecoregions).

Widespread: Is distributed widely in several to many ecoregions and is distributed relatively equally among those ecoregions in which it occurs. An ecosystem that is widespread is not necessarily “common” in the ecoregion.

Peripheral: The ecosystem is more commonly found in other ecoregions (generally less than 10% of its total distribution is in the ecoregion of interest). The distribution in the ecoregion of interest is continuous with that in adjacent ecoregions. Disjunct ecosystems were considered a special case, where the occurrence of the ecosystem in the ecoregion was disjunct from its core distribution outside the ecoregion.

We incorporated this information into a set of general guidelines shown in table 4.
Table 4. Guidelines for setting goals for patch-forming ecosystems.  In this table a large patch ecosystem that was restricted to the ecoregion had a numeric goal of 15 viable examples distributed across the major subregions of the ecoregion.
	PATCH–FORMING ECOSYSTEMS
	LARGE PATCH
Stratification goal in parentheses
	SMALL PATCH
Stratification goal in parentheses

	Restricted/Endemic
	15 (high)
	20 (high)

	Limited
	10 (medium)
	15  (medium)

	Widespread
	5 
	5

	Peripheral
	5*
	5*


*Objectives modified on a case by case basis.

Representation:  The objective of the representation goal was to insure that we captured all the compositional variability inherent in the ecosystem.  Some systems vary in their species composition across elevation zones, bedrock types, climatic regions and soil moisture levels. Our solution was to protect a set of examples selected from across the various gradients using the customized stratification schemes described in the ecosystem sections.  This is captured in the stratification goals that may be high for ecosystems restricted to the ecoregion or for those with high compositional variability. 

Portfolio Status:  Definitions and Codes 

Every occurrence of each ecosystem was assigned a final portfolio status and given a portfolio code based on the definitions given below. Only those examples termed “critical occurrences” were considered to be included in the portfolio and only those examples were used to calculate progress towards ecoregional goals. 

1) Critical occurrence: a modeled occurrence crucial to the conservation of biodiversity in the ecoregion. The occurrence met all screening criteria for size, landscape quality, and verification.  Critical occurrences are the only type counted towards meeting portfolio goals.   

2) Candidate occurrence: a modeled occurrence that met the size and landscape context criteria, but was not corroborated or verified by an expert or ground inventory point.  These occurrences were not considered part of the portfolio or used to meet goals. They are a priority for further inventory work to verify their condition and importance.  

3) Supporting occurrence: a modeled occurrence that is below the screening criteria for size or landscape context or has poor condition as verified by a third party. These occurrences are not considered part of the portfolio although they may contribute towards biodiversity in the ecoregion.

Technical Definitions

YES – in the portfolio 

Critical = Larger than the size criteria, below LCI 20 (30 for coastal features) and confirmed by a ground inventory point. Candidate and provisional candidate modeled occurrences that had their significance corroborated and verified with appropriate ground inventory information (EO point) or expert knowledge. 

NO – not in the portfolio, but tracked in this assessment and status could change in the future

Candidate = Larger than the size criteria and below LCI 20 (30 for coastal).
Provisional Candidate= Larger than the size criteria and above 20 but below 50 LCI. 

Supporting = Smaller than the size criteria and any LCI or any size but greater than 50 LCI.
Protected = Term applied if 50% or greater of the occurrence area was found on land with 

a GAP status 1 or 2.

Identifying the critical occurrences was a relatively straightforward process except for those occurrences in the grey area where borderline occurrences were sorted through on a case-by-case basis with more subjectivity than at the two ends  Adjustments to the final selection of modeled occurrences were made via expert caveats based on knowledge of the site. Expert opinion generally overrode the assigned category and this came into play for approximately 5-10% of the selected critical modeled occurrences.
IIB. Large Scale Ecosystems in the North Atlantic Coast Ecoregion

The highly fragmented and developed landscape of the North Atlantic Coast Ecoregion (NAC) poses challenges for conservation.  Protecting rare species and exemplary natural communities alone will not result in conservation success.  The remaining lands that provide natural cover and intact ecological processes which support species, habitats, and ecosystems must also be a conservation priority.  Thus, even more than in other ecoregions, defining and identifying landscape-scale conservation targets was a goal for this plan.  

Landscape-scale ecosystem functions, such as nutrient cycling, disturbance regimes, source breeding areas for wildlife, and watershed integrity, are critical to supporting and preserving biodiversity.  The dominant threats associated with development (habitat loss and fragmentation) require us to protect remaining natural landscapes.  These landscapes:
1) provide critical ecosystem services such as clean water, clean air, and compatible recreation areas and green space for people;

2) support wildlife habitat associated with human managed landscapes, such as agricultural areas, grassland habitat, early successional forest and shrublands;

3) serve a critical buffer function and provide supporting ecological processes for rare and exemplary examples of species and natural communities;

4) provide habitat connections and movement areas for wildlife, including pathways for range expansions of species responding to climate change;

5) stabilize and moderate change in regional-scale factors such as solar reflectance and evapotranspiration that determine local climatic conditions.

To ensure conservation of the remaining natural land cover, common natural communities, and wildlife habitat, we identified several scales of intact landscapes.  As in other ecoregion assessments in the Northeast, matrix forest blocks at least 10,000 acres in size,
 were identified based on the area requirements of interior forest breeding species and historical disturbance patterns.  These landscapes will ensure the protection of the common and dominant forest natural communities indicative of the ecoregion.  In most sections of the region, site options for matrix forest conservation were few, the exception being the New Jersey pine barrens.
In addition to matrix forest blocks, we examined and mapped all relatively unfragmented landscapes greater than 1,000 acres in size based on the patterns of roads, railroads, power lines, development, and other edge-features.  Our goal for these coastal unfragmented blocks (CUBs) was to identify and prioritize the remaining functional habitat, managed landscapes, and/or natural land cover in the NAC Ecoregion.  
Species, upland communities, wetlands, and river features embedded within CUBs have a much greater chance of long-term viability if the supporting processes and natural land cover in the CUBs are protected and allowed to persist. For example natural communities embedded within matrix forest blocks and CUBs are more likely to have functional hydrology, natural fire regimes, operative wind disturbance responses that support the ecosystem and their constituent species.  Conversely, species or natural community occurrences not within or abutting larger intact landscapes may have higher threat from human encroachment.  Conservation area planning, target goal setting, and conservation strategies for finer scale targets should take into consideration how the given target sits within, abuts, or is isolated from matrix forests or CUBs.  Protection of multiple examples and scales of these landscape units will provide, for example, ecosystem services, buffers, and connectivity functions for these finer scale conservation targets.

Matrix Forest Blocks

The conservation target within matrix forest blocks is primarily the natural forest communities that cover the majority of the landscape and serve as the dominant supporting habitat for embedded terrestrial and aquatic conservation targets.  Individually dominant forest species may be common, such as the oak and pine species that form the large forest swaths of this ecoregion but intact patches of interior forest are rare.  
Our size criteria for matrix forest blocks was set at 10,000 acres in order to ensure resilience by providing adequate area (1) to withstand and recover from dominant natural disturbances (e.g. fire, hurricane, insect outbreaks), and (2) to support viable populations of the suite of interior bird species that occur in the Ecoregion (Table 1). Matrix forest block boundaries were defined by large fragmenting features such as roads, power lines, railroad lines, and large coasts or shorelines.
To ensure representation of dominant ecological processes across the geographic range of the Ecoregion we examined how embedded physical landscape features distinguish ecological settings among blocks, and, we classified them using an ecological land units analysis employed in other TNC ecoregional plans (Anderson 1999).  Ecological land units (ELUs) are unique combinations of: (1) elevation; (2) bedrock and surficial geology; and (3) landform classes. In brief, ELUs are generated using GIS at the 30m pixel scale across the ecoregion, and the unique combination of within-block ELUs are classified using standard multivariate software.  This allowed us to identify unique forest-landscape combinations and locate at least one example of each combination in each sub-region within NAC.  
There were so few qualifying matrix blocks across NAC, prioritization was only required for large blocks occurring in the pine barrens ecosystems in New Jersey. For these, we assigned two levels of priority to each selected block based on local expert opinion.  Tier 1 blocks were in relatively higher ecological condition and are those where the basic conservation strategies would include protecting or maintaining core forests and the processes that sustain them (e.g. fire). Tier 2 blocks are intended to be alternate blocks that may be substituted for Tier 1 blocks if forests were designated to be non-viable in those blocks.
Coastal Unfragmented Blocks
The fragmented landscape is a dominant feature of the North Atlantic Coast Ecoregion.  Partners engaged in NAC ecoregional planning exercises repeatedly recommended that conservation efforts focus on “protecting what is left,” ostensibly because there is so little intact habitat remaining.  While CUBs in and of themselves are not the standard type of conservation targets in the strict sense that matrix forest blocks are, they represent the best remaining, unfragmented natural land cover. Thus they are vital to conserving the functions and processes that maintain biodiversity and represent a new type of target relevant to a “crisis ecoregion” such as the North Atlantic Coast. These areas support and buffer other kinds of conservation targets, including rare species, natural communities, and portfolio rivers.  They also provide critical ecosystem functions, such as wetland and shoreline buffers, connectivity for local and wide-ranging species, nutrient cycling, and a full range of ecosystem services important to species and humans alike.

Table 1. Bird, area requirements and forest type relationships for the North Atlantic Coast. Data on mean female territory size (columns 3 & 4) from Poole and Gill (2002). Forest type associations (columns 5-9) show the strength of the relationship based on expert opinion and basic references. Column 10 give the partner in flight score, from 1-5, for this species in the ecoregion.  The highest score (5) indicates a high regional responsibility. 
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Forest Types

PIF Score

GROUP 

SPECIES

Mean 

Territory 

Size 

(acres) 

Territory 

times 25 

White 

Pine-

Red 

Oak 

Forest

Oak-

Hickory

Oak-

ericad 

Forest

Eastern 

Hemlock-

White Pine 

Forest

Pitch 

Pine-

Scrub 

Oak 

Barren

PIF score 

for region 

9 (NAC)

Pine-Oak

Red-tailed Hawk

960

24000

3

2

2

1

2

Broad-winged Hawk

569

14225

3

2

2

3

Cooper's Hawk

500

12500

3

2

2

1

2

Pileated Woodpecker

100

2500

3

3

2

2

2

Black-and-white Warbler

88

2200

3

1

1

1

4

White-breasted Nuthatch

35

875

3

4

1

1

5

Wild Turkey

32

800

3

2

2

1

3

Black-billed Cuckoo

15

375

3

1

2

1

4

Yellow-billed Cuckoo

15

375

3

2

2

2

Red-bellied Woodpecker

12

300

3

4

1

2

Tufted Titmouse

11.8

295

3

5

1

1

5

Scarlet Tanager

9.6

240

3

3

2

1

4

Yellow-throated Vireo

7.4

185

3

2

2

3

Northern Flicker

5

125

3

1

2

4

Hermit Thrush

5

125

3

1

2

3

2

Worm-eating Warbler

4

100

3

3

1

3

Wood Thrush

3.6

90

3

1

2

1

4

Rose-breasted Grosbeak

2.5

62.5

3

2

2

1

4

Downy Woodpecker

2

50

3

5

1

1

5

Ovenbird

2

50

3

5

2

1

4

American Crow

0

0

3

2

1

2

5

Blue Jay

3

2

2

1

5

Barred Owl

1638

40950

2

1

1

1

2

Sharp-shinned Hawk

1416

35400

2

1

1

1

3

Red-headed Woodpecker

14

350

2

3

1

2

Eastern Wood-Pewee

12

300

2

1

2

1

4

Cerulean Warbler

2.6

65

2

2

2

Pine Warbler

2.5

62.5

2

2

3

3

Blue-gray Gnatcatcher

1.7

42.5

2

2

2

2

Chipping Sparrow

1.5

37.5

2

1

1

2

1

5

Red-eyed Vireo

1.5

37.5

2

2

2

3

Cedar Waxwing

0.5

12.5

2

1

1

2

4

Least Flycatcher

0.5

12.5

2

1

1

2

Mourning Dove

0.25

6.25

2

2

1

1

4

Yellow-bellied Sapsucker

0

0

2

2

1

1

2

Pine Barren

Nashville Warbler

51

1275

1

1

1

3

2

Common Nighthawk

40

1000

1

1

1

3

2

Ruffed Grouse

5.4

200

1

1

1

1

3

2

Whip-poor-will

16

400

2

1

2

3

2

Eastern Bluebird

13

325

3

1

1

3

2

Eastern Towhee

2.5

62.5

3

3

Prairie Warbler

2

50

3

1

1

3

4

Brown Thrasher

2

50

5

1

1

3

2

Non-forest: 

PIF 5 

Salt Marsh Sharp-tailed Sparrow

5

Mute Swan

8

200

5

Herring Gull

0

0

5

Gray Catbird

1

25

3

1

1

5

Eastern Phoebe

3

75

1

1

1

1

5

Common Yellowthroat

1.5

37.5

4

1

1

5

Canada Goose

0.5

12.5

5

Blue-winged Warbler

2

50

1

1

5

Black-capped Chickadee

10

250

1

1

5

Baltimore Oriole

3

75

1

1

5

American Robin

0.3

7.5

1

1

1

5


To begin, we identified remaining patches of natural land cover, defined by fragmenting features such as roads, power lines, railroads and other edge features.  Patches at least 1,000 acres in size were identified on maps, and each state identified patches, or groups of patches as target areas.   The 1,000 acre minimum was used to ensure half of each CUB’s area was minimally influenced by edge effect.  Edge effects range widely, from influencing the movement, predation, and habitat use by animals, to changes in the amount of light and wind penetrating the edge, to seed germination and survival success in plants.  
To understand our size minimum, imagine a perfectly round, 1,000 acre patch with a radius of 1,135 meters.  (Conversely, a perfectly round patch with a 1,000 meter radius will produce a 776 acre patch).  The most conservative estimates suggest that detectable edge effects penetrate up to 900 meters from a boundary (Zankel 2005).  A 1,000 acre, round patch with a 900 meter edge influence results in only 43 acres of un-influenced core area.  However, most empirically derived estimates of edge effects in northeastern U.S. suggest that effects typically do not penetrate beyond 300 meters.  Using this estimate results in about half (540 acres) of a 1,000 acre area free from edge effects.  

We compiled all the selected CUBs for the ecoregion and grouped them based on an ecological land unit analysis, allowing us to set stratification and distribution goals.  That is, we identified different CUB types, based on their combination of geology, landscape position, and elevation (Table 2, Figure 1).  Prioritization among CUBs was based on expert opinion, known embedded conservation targets, and to some extent, feasibility or current conservation activity.  We also distributed the selected CUBs to ensure that they represented the full spectrum of ELU types across the sub-sections of the ecoregion.

We assigned two levels of priority for conservation action, based on our knowledge of the landscape, embedded features, current conservation activity, etc.  Tier 1 CUBs are those where a high level of protection (i.e. GAP 1-3) is warranted, and where land protection would aid in conserving embedded rare or exemplary occurrences of biodiversity, intact landscape functions, ecological processes, and connectivity.  Tier 2 CUBs are those where at least natural land cover should be protected over the long term in order to protect ecosystem functions and provide connectivity. Note that this is a different use of Tier 1 and Tier 2 labeling then used for matrix forest blocks where tier 2 blocks are not in the portfolio, but can be exchanged for Tier 1 sites  if for some reason a Tier 1 site becomes non-viable.
CUBs, like other conservation targets, require local conservation area planning to identify site-scale threats and strategies, and to fine-tune mapping and extent of the CUB.  Local scale planning ensures that conservation targets (i.e. primary and secondary species targets, exemplary natural communities, and aquatic targets) are assessed and planned through a 5-S (or equivalent) adaptive management plan.  Within TNC, state programs are responsible for site-based planning efforts for ecoregionally determined targets.

We identified 351 unfragmented landscape areas within NAC, including 11 Tier 1 Matrix forest blocks and 116 Coastal unfragmented blocks (Table 3; Figure 2).  In total, the acres captured in both Matrix forest blocks and CUBs accounts for just over 14% of the Ecoregion.  For Tier 1 landscape targets, matrix forest blocks and CUBs account for 709,846 acres, or 6% of the Ecoregion. Currently 38% of the areas are secured against conversion to development. We hope to focus land protection and other strategies within these areas to maintain relatively intact natural cover and the processes they support.
 Table 2. TWINSPAN partitioning of the unfragmented blocks into three broad groups: A1, A2, and B. The partitioning corresponds with the coding shown on map 1. The term maritime = 0-20 feet, and low = 20-800 ft
	Major Block Groups and Distinguishing Characteristics

	A1:  Blocks on fine sediment deposits, mixed bedrocks (mostly sedimentary and granites) but moderately calcareous is common and diagnostic. Blocks mostly north of the Merrimack river in New Hampshire and Maine, a few in Pawtucket RI and Foxboro MA  region. 

	A1a: Blocks with maritime sedimentary and low elevation sedimentary: no moderately               calcareous rock. Maine Boothbay harbor region and area directly north

	A1b: Blocks lacking maritime/low sedimentary rock. With moderately calcareous bedrock and some granite: Pawtucket RI, Foxboro MA, Great Bay NH (A1b1) up the coast to about Newcastle Main (excluding boothbay)  

	

	A2: Blocks not on fine sediment except along certain streams, mixed bedrocks with high proportions of maritime zone granites and mafic rocks. Very little moderately calcareous bedrock. High proportions of coarse sed (sands) along major rivers.  Blocks mostly south of the Merrimack river to southern Connecticut: Massachusetts (except  Cape Cod & Islands), Rhode Island, Connecticut

	A2a: Mostly on granite bedrock with patches of coarse outwash and fine sediment (plum island tidal flats): Plum island/Parker river MA, Plymouth to Taunton region MA, Coastal RI about great swamp-wood river, continuing to the east side of the mouth of the Connecticut river CT. 

	A2b.  Mostly on mafic bedrock, some sedimentary: Mouth of the Connecticut river on the west side southward in CT , a few scattered blocks in RI, and Attleboro MA.  

	

	B:  Blocks entirely on coastal outwash sands:  New Jersey, Long Island, Cape Cod, Massachusetts Islands.

	B1:  Very wet estuarine marsh complexes directly on the ocean: Southern New Jersey tidal flats and S. Long island barrier islands

	B2: Slightly higher (above 20 meters) shoreline and inland blocks 

	B2a:  Maritime slopes, hills, steep areas. North shoreline of Long Island, Shoreline blocks on Cape Cod & MA Islands

	B2b: Not as above, mostly very flat: NJ Pine Barrens: Central, inland Long Island,  Cape and MA island blocks
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Figure 1.  Ecological Land Unit Grouping of Coastal Unfragmented Blocks and Matrix Forest Blocks. Legend corresponds to groupings in Table 2.  Full size map in appendix. 

Table 3.  Total counts (with averages in parentheses) for landscape target areas, separated by priority level (Tiers).  The Acres row is total acres in the ecoregion, with Average referring to the average acres per block or CUB.  GAP Status reflects conservation lands within each landscape area, with GAP 1&2 reflecting preserve-level status, and GAP 3 reflecting lands protected from development.
	
	Tier one
	
	
	Tier 2
	
	
	TOTAL

	
	Matrix Blocks
	CUBs
	Subtotal
	Matrix Blocks
	CUBs
	Subtotal
	

	Count
	11
	116
	127
	4
	220
	224
	351

	Acres
	322,065
	387,780
	709,846
	107,996
	1,005,235
	1,113,231
	1,823,077

	Average
	29,279
	3,343
	
	26,999
	4,569
	
	

	Embedded EOs (Average)
	710 (65)
	1,687 (18)
	2,397
	95 (32)
	713 (6)
	808
	3,205

	GAP 1&2 Acres
	24,089
	72,444 
	96,560
	4,664 
	72,986
	77,650
	174,179
(10%)

	GAP 3 Acres
	160,023
	61,223 
	221,246
	35,820 
	257,625
	296,446
	514,692
(28%)


The 351 CUBs represent a new kind of conservation target.  Their combined acreage, across both Tiers (over 1 million acres) represents nearly 11% of the ecoregion.  However, they are smaller landscape units, and are not always in close proximity to one another.  These are landscape patches, within which remain natural land cover of various types, including forests, shrublands, other early successional habitats, wetlands, and aquatic features (lakes, ponds, and rivers).  Given their small size and their road-bounded edges, they are more susceptible to edge effects and invasive species establishment and spread.  They likely offer less resilience and resistance to both human and natural disturbances.  In short, they are vulnerable to degradation.  However, in most cases, they support the remaining wildlife habitat, rare species, natural communities, and aquatic buffers in the Ecoregion.  They provide many of the aesthetic benefits and ecosystem services for their coastal communities.  They represent a high priority for conservation, particularly due to the highly fragmented and rapidly developing nature in the Ecoregion. 
On the other hand, the 15 Matrix Forest Blocks in the Ecoregion (430,000 acres) represent only three percent of the Ecoregion.  There are several concentrations of these across NAC, mostly on the New Jersey coastal plain where pine barrens and forests are dominant and widespread.  Otherwise, the matrix blocks are relatively unusual because they have escaped the effects of human development so far.  Like other matrix forest planning efforts in forest ecoregions, these deserve conservation area planning to: (1) identify core areas where preserve level conservation (GAP 1 & 2) is warranted; and (2) to identify sufficient buffer lands to ensure ecosystem processes are maintained. 
Figure 2.  Ecological Land Unit Grouping of Coastal Unfragmented Blocks and Matrix Forest Blocks. Legend corresponds to groupings in Table 2. 
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IIC. Small Scale Ecosystems in the North Atlantic Coast Ecoregion

Uplands 
A. Beach-dune ecosystems

B. Rocky shore ecosystems
C. Maritime woodland, heathland, grassland ecosystems

D. Cliff and steep slope ecosystems
E. Summit ecosystems

F. Bowl, ravine and cove ecosystems
Wetlands



G. Tidal Wetlands 

G1. Salt and brackish marsh




G2. Coastal salt ponds and sea level fens

H. Freshwater wetlands




H1. Forested wetland

H2. Open wetlands 

H3. Riparian and floodplain ecosystems




H4. Coastal plain pondshores



I. Coastal Stream Systems

A. Beach – Dune Ecosystems in the
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North Atlantic Coast Ecoregion 
Overview 
Thick shoreline deposits of unconsolidated well-sorted sand and pebbles form the region’s 1,700 beaches and dunes, amounting to over 100,000 acres of beach habitat. A size analysis indicated that overall 60% of the beach systems were less than 10 acres in extent, 32% were between 10-100 acres, 8% were over 100 acres and just 1% (19 occurrences) were over 1000 acres in extent. 
Biodiversity 

Throughout the region, beach breeding species are restricted to this extremely specific uncommon habitat and many are in decline due to loss of breeding habitat. For example, beach nesting like plovers and terns, rely on exposed scrapes and isolation to prevent predation by mammals and other birds. Several species have wide ranges along the Atlantic coast. Typical plant species of North Atlantic coast beaches and dunes include: beach grass, sea rocket, sea-beach sandwort, seaside spurge, dusty miller, sea oats, seaside goldenrod, beach heather and bayberry. The largest single beach/dune occurrence is on Cape Cod, near Race Point which boasts 45 state-tracked occurrences of beach dune and heathland communities, piping plover, terns, seaside sparrows, spadefoot, and numerous plants and invertebrates. 
Selection Criteria 

The screening criteria used to locate and identify beach-dune occurrences most critical to maintaining biodiversity required that each qualifying occurrence:
· was large and contiguous: over 50 acres or part of a complex over 100 acres.
· was in good landscape settings (Land Cover Index < 30).
· was in good condition based on ground surveys and expert opinion (corroboration by at least one source).
· contained other confirmed biodiversity features (element occurrences). 
Size criteria for the beach systems were determined by a literature analysis of minimum area requirements for the characteristic breeding species as well as information on the scale of specific disturbances. Additionally we examined survey records for species and communities with documented occurrences in the North Atlantic Coast tidal beach-dune complexes.  The literature results suggested that 50 acres was a reasonable size minimum but that larger beach-systems might be necessary for certain species (Figure 1).  
Plotting the occurrence points on the data for beach locations indicated extremely wide variation  in the beach sizes associated with the occurrences (Figure 2).  This pattern was confounded by the fact that many of the occurrences came from a few of our largest beaches, but whether this indicates a true association with larger beaches or simply an inventory coincidence is not clear from this data.  This data set affirmed that a 50 acre minimum was reasonable but that examples of a range of larger beaches sizes are preferable to insure the representation of all species. 

Figure 1 . Minimum dynamic area for disturbance processes and minimum area requirements for breeding species in North Atlantic Coast beaches. Territory sizes from Poole and Gill 2002. 
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Figure 2.  The average size of the beaches and dunes where confirmed occurrences of beach/dune specific birds were found. Data from US Natural Heritage program, restricted to species with 5 or more occurrences.  Note that this table represents presence at sites rather than species area requirements.
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Goals and Results 

As this community is limited to NAC and several surrounding ecoregions, we set a goal of 10 occurences per subsection in which the target occurred – totaling 140 for the region (Table 1). This was redistributed proportionally across subsection based on the estimated distribution of all potential occurrences (Table 2). Results identified 134 critical occurrences, 6 short of our minimum goal. Sufficiency by subsection (column 7 in Table 1) indicates some overrepresentation on Long Island and under representation in the Penobscott and Narragansett Bay.

Table 1.  Distribution of beach-dune examples by subsection. Results of the selection process are shown with a Y or N. In column one, a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. Sufficiency refers to whether there was a surplus (positive numbers) or deficit (negative numbers) relative to a perfect numeric distribution of examples across subsections. It was calculated by subtracting the goal from the count of critical occurrences
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B. Rocky Shore Ecosystems in the
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North Atlantic Coast Ecoregion

Overview

The rocky shore ecosystem is comprised primarily of bedrock and boulders, subject to high-energy waves and alternately exposed and inundated by the tides.  Its upper limit is the “splash zone”, above the limit of high tide.  High to moderate exposure cobble shores are also included in this type, but sandy to stony shores are not (seasonal sand covered beaches or the sheltered cobble beaches such as those around the Peconic Bay, Long Island are addressed in the beaches and dunes section).  

This ecosystem is common in the Atlantic’s temperate waters, dominating the eastern shores of Canada and extending in diminishing scale to the shores of southern New England. The size of rocky shore occurrences ranged from 1 to 186 acres, with nearly 70% of occurrences being less than 5 acres and the mean being 6.5 acres (Table 3).  Only 31 rocky shore occurrences out of a total of 1434 (2%) were over 50 acres (sizes are based on the GIS models of rocky shores “occurrences” using methods described in appendix). 

The rocky intertidal ecosystem occurs at the interface of the terrestrial and the marine ecoregions.  Future marine assessments may also evaluate rocky shore ecosystems from the perspective of the marine realm. Links between adjacent and interdependent terrestrial and marine targets and strategies should be examined as TNC’s work in the marine systems proceeds.
Table 3.  Size of Rocky Shore occurrences in the North Atlantic Coast Ecoregion. The number in parentheses indicates occurrences with draft screening criteria of Yes (Y) or probable yes (Y?)

	Size class
	Size range (acres)
	Adjacent to aquatic bed 
	No aquatic bed mapped
	Total number of occurrences
	Percent of total

	1
	1 – 5
	737 (12 )
	240 (15)
	977 (27)
	68

	2
	5.1 – 13
	217 (7)
	97 (26)
	314 (33)
	22

	3
	13.1 – 50
	63  22)
	49 (7)
	112 (27)
	8

	4
	> 50
	20 (18)
	11 (7)
	31 (25)
	2

	Total
	
	1028
	406
	1434
	


Biodiversity 

Rocky shores in this ecoregion vary from rocky headlands to cobble intertidal shores. 
The classic rocky headlands of Maine – the picturesque outcrops and large boulder shores – characterize the northern shore of the North Atlantic Coast Ecoregion, extending from Maine to Cape Ann, Massachusetts.  To the south, these headlands diminish in size and frequency, from the Boston harbor islands, to sites around Buzzards Bay and the Massachusetts islands, across the shores of Rhode Island and Connecticut, and petering out in New York as the sandy bluffs, beaches and marshes take over in dominance.  This habitat is subject to high-energy waves and low-lying portions of the habitat may be alternately exposed and inundated by the tides (i.e., intertidal).  

Rocky headlands support attachment of organisms, although heavy sedimentation on the surface can inhibit this colonization.  Organisms of the stable bedrock and boulder seacoast include those capable of withstanding wave impact and periodic desiccation, including attached algae such as rockweeds (Ascophyllum nodosum, Fucus spp.), Enteromorpha spp., and Rhizoclonium spp. and invertebrates such as blue mussel (Mytilus edulis), rock barnacle (Balanus balanoides), sea star (Asterias spp.), and sea urchin (Arbacia punctulata).  This habitat is critical winter foraging area for purple sandpiper (Calidris maritima) and harlequin duck (Histrionicus histrionicus) and is also frequented by eiders (a sea duck), fish, harbor seals (in northern part of Ecoregion) and other species.  Island occurrences of rocky headlands provide nesting areas for waterbirds such as roseate tern (Sterna dougallii), arctic tern (S.paradisaea), common tern (S. hirundo) and double-crested cormorant (Phalacrocorax auritus).  
Cobble shores occur primarily in the intertidal zone from below the low tide mark to the upper extent of the tides. The zone is also referred to as the “littoral zone”, meaning “subject to erosion from waves.”  These moderate to high energy shores occur from the northern extent of the ecoregion in Maine to the New York shore.  They range from cobble-filled nooks and crannies among the rocky headlands to stretches of cobble-lined shoreline adjacent to sandy beaches.  

These rocky intertidal shores support a different suite of species than the headlands, as the cobble provides little or no stable footing.  The stones roll about in the surf, being shoved into piles during one storm event and spread out again in another. Species associated with the cobble shore tend to be small, mobile, and short-lived (Tyrell 2005) with common associates being Irish moss, barnacles, periwinkles and other invertebrates.  The large algae species of the rocky headlands are absent here.  This habitat provides feeding grounds for shorebirds, such as sanderling (Caladris alba) and ruddy turnstone (Arenaria interpres), and nesting areas for American oystercatchers (Haematopus palliates)(Table 4). 

Table 4. Some characteristic species of rocky headlands and cobble shores in NAC. 

	Birds
	Invertebrates

	Double-crested cormorant (nesting)
	Blue mussel (Mytilus edulis)

	Common tern (nesting)
	Rock barnacle (Balanus balanoides)

	Roseate tern (nesting)#
	Sea star (Asterias spp.)

	American oystercatcher (nesting)#
	Sea urchin (Arbacia punctulata).  

	Harlequin duck (wintering)#
	

	Purple sandpiper (wintering)#
	Algae (“Seaweeds”)

	Ruddy turnstone (migration)
	Rockweed (Ascophyllum nodosum, Fucus spp.), 

	
	Enteromorpha spp. 

	# NAC ecoregional species target
	Rhizoclonium spp.


Although the substrate on which this community develops is enduring, there are still factors that impact its long-term viability.  Harvesting of algae by vacuum boats can eliminate species associates for years.  Invasive species such as the northern periwinkle (Littorina lottore), European green crab (Carcinus maenus) and Asian crab (Hemigrapsus sanguineus) alter composition and ecosystem dynamics. Sedimentation, eutrophication and oil spills result in reduced light penetration, smothering and/or poisoning of organisms.  Mining or relocation of cobble is also a threat in some locales.
Data and Mapping

This ecosystem type is poorly represented in the Natural Heritage database, as neither the ecosystem nor the associated species are particularly rare.  Only 12 Natural Community occurrences of rocky shores are mapped in this ecoregion: 3 for Rocky Headlands (1 in MA, 2 in NH) and 9 for Marine Rocky Shores (7 in NY and 2 in MA).  Similarly, of over 6000 element occurrences (EO) for species, only 34 EOs were for species tightly associated with rocky shore communities and another 20 were identified as islands or tern nesting sites. Although these data were insufficient on their own for identifying and selecting potential conservation areas, when used in conjunction with the modeled occurrences a total of 167 rocky shore sites intersected with at least one EO of any type. The site data contained in the co-occurring occurrence was useful in corroborating and screening the viability of the ecosystem example.

Selection Criteria

Landscape context, size, distribution, presence of viable occurrences of target species and proximity to other shoreline ecosystems were used to identify the higher priority examples of the rocky shore ecosystem for this plan. A high level of protection (GAP status) was also used to identify high priority examples with the recognition that the digital data for managed areas tended to underestimate protection as our information did not always extend into the intertidal zone. Additionally scientists were asked to manually review the selections to verify the accuracy of the size and setting due to the paucity of corroborating occurrences (as discussed in the previous paragraph).  

Consideration of ecological gradients among rocky shores including substrate size and wave exposure was manually evaluated in selecting multiple examples per subsection from a variety of aspects and positions (e.g., outer shore vs. cove occurrence). We adhered to the following assumptions: 

1. The portfolio needed representatives of all size classes.  We could not assume that the large examples would represent the biodiversity functions of some of the small sites.  For example, many small islands support nesting birds and these would be missed by selecting only the larger rocky shore sites (e.g. >50 acres). 

2. Adjacency to an aquatic bed was a desirable but not essential criterion. Aquatic beds often occur in specific settings and sites without them may capture other biodiversity features.

Allowing for those assumptions, the screening criteria used to locate and identify the rocky shore occurrences most critical to maintaining biodiversity required that each qualifying occurrence met the following criteria:
· Size: Relatively large, > 13 acres for an individual example or total acreage of cluster.  Sites less than 13 acres were occasionally accepted if all other attributes were exceptional. 

· Landscape context: Landscape context index (LCI) below 50. Precedence was given to those examples with an LCI below 15. 

· Condition: Confirmation by a ground survey point or expert review.

· Co-occurrence: if there was no confirmation, the example could qualify if it was in a coastal unfragmented block (CUB), secured on GAP 1, 2 land or if it co-occurred with other targets.  For instance, the occurrence was in close proximity to significant nesting area for colonial waterbirds, or to selected dunes, beaches or marshes.  

Goals and Results 

As this community was restricted to the ecoregion, we set a goal of 20 per subsection in which the target occurred – totaling 220 for the region. This was redistributed proportionally across subsection based on the estimated distribution of all potential occurrences (Table 5) 

Table 5. Distribution of rocky shore occurrences by subsection. Results of the selection process are shown with a Y or N. A “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. GOAL MET?  refers to whether there was a surplus (positive numbers) or deficit (negative numbers) relative to a perfect numeric distribution of examples across subsections. It was calculated by subtracting the goal from the count of critical occurrences.
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Out of 1434 total rocky shores assessed, our results identified 233, slightly more than the goal (Table 5). These were stratified across all subsections roughly in proportion to their actual distribution, but with notable deficits in the Boston Basin and Long Island Sound. This is not surprising given the densely developed nature of these latter two subsections. However, in some cases, rocky shores may be relatively intact even if bordered by development – as in the case of shores that are inaccessible such as cliffs, estates or island shores. Occurrences in these subsections could be further scrutinized for qualifying examples.  In contrast, noteworthy over-representation occurs in the Cape Cod subsection so there may be interest in further prioritizing this selection.

C. Maritime Woodland, Barren 

and Grassland Ecosystems in the 

North Atlantic Coast Ecoregion 

Overview

Maritime heathlands, grasslands and shrublands are community types restricted to the coastal ecoregions and maintained by natural disturbance processes such as wind, salt spray, late frost (frost pockets and valleys have frosts as late as July), droughty soils and/or occasional wildfires.  Many examples of maritime grasslands and heathlands have been lost due development and presence of these is confounded by land use history, where some grasslands may be artifacts of past agricultural use. Maritime or coastal shrublands on the other hand have suffered from the lack of attention to their biodiversity value and too are easily converted to development.

Biodiversity

Grasslands and heathlands in particular support a high diversity of plant species and a wealth of state-listed plants and animals.  The invertebrate fauna is particularly rich in all of these systems and includes a number of regional endemics or global rarities such as American burying beetle and Coastal barrens buckmoth. Many of the state classifications separate this group of ecosystems into the following community types. 

Maritime Grasslands: dominated by graminoids such as little bluestem (Schizachyrium scoparium), Pennsylvania sedge (Carex pensylvanica), poverty grass (Danthonia spicata), scattered low shrubs and a large diversity of forbs including New England blazing star,bushy rockrose, blue-eyed grass, yellow thistle, goldenrods, asters, butterflyweed and many others.  Typical fauna include grasshopper sparrow, savannah sparrow, meadow vole, short-eared owl, and a variety of lepidoptera.

Maritime Heathlands:  contain many of the same grass and sedge species as above, but are dominated by short shrubs (generally under 1 meter) of the heath family such bearberry, black huckleberry, low bush blueberry and bayberry.  Stiff aster, Nantucket shadbush, broom crowberry, New England blazing star, and wild lupine are among the state or regionally rare species associates.  This habitat provides breeding habitat for species such as northern harrier, American burying beetle, and coastal barrens buckmoth.
Scrub Oak Shrubland and Maritime Shrubland:  dominated by a tangle of shrubs over 1 to 2 meters tall, with characteristic species being either scrub oaks (Quercus ilicifolia, Q. prinoides) or a mix of other species including bayberry, arrow-wood, roses (R. virginiana, R. carolina) and serviceberry (Amelanchier).  Very few element occurrences were in the 2000 data set from Natural Heritage programs, having received less attention due in part to the paucity of plant diversity and to the difficulty in traversing these habitats.

Maritime Woodland:  characterized by small, often gnarly or stunted trees sculpted by wind and salt spray, with oaks, serviceberry, black cherry, bayberry and catbriar.  This habitat provides important breeding habitat for migratory and coastal resident songbirds.

Data and Mapping

These unique ecosystems, with their disturbance dependent dynamics, were not consistently modeled using the methods discussed previously; therefore we relied solely on ground survey data from the Natural Heritage community occurrences to identify the critical examples. Unfortunately, the Heritage occurrences captured only a portion of the full distribution of the ecosystems in the ecoregion and thus we have less information as to the full extent and condition of these systems in the region. Never-the-less the occurrences provided by the Natural Heritage programs had a fairly good representation across of subsections and bedrock settings (Table 6). 

Table 6. Subsection locations and numbers of occurrences of maritime grassland, sandplain barrens, and coastal woodland. A “Y” indicates that the occurrences met the screening criteria and are in the portfolio..
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Small patch communities that are restricted to the coastal ecoregions were identified in the existing natural community occurrences.  The coverage is by no means comprehensive, but additional occurrences of these ecosystems are also identified within some of the coastal undeveloped blocks (CUBs) and by the large number of species targets that are associated with the sandplain barrens and maritime grassland and heathland systems.  
Selection Criteria
Qualifying occurrences were required to meet the following criteria:

· Size: over 5 acres

· Landscape context: LCI below 60 or between 60-90 with other confirmation

· Condition: Occurrences with a condition rank (“element occurrence rank”) of A or B.  A rank of “C” was accepted in certain cases when many of the other criteria were exceeded. 

· Co-occurrence: Priority was given to occurrences in a Matrix block, coastal unfragmented block (CUB) or on secured land with a GAP status 1 or 2.

Goals and Results

These were all considered restricted ecosystems with a minimum goal set of 20 each. We met or surpassed this goal for each ecosystem type (Table 6).
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D. Cliff and Steep Slope Ecosystems in the 

North Atlantic Coast Ecoregion
Overview

Cliff and steep slope ecosystems are rare in this ecoregion with the exception of seaside rocky cliffs which are treated under “rocky shores”  They number only 44 separate occurrences, and are mostly associated with coastal bluffs or forested bedrock slopes found from Sandy Hook, NJ, northward (Table 7). Small concentrations of steep slopes are on Long Island’s north shore, the outer banks of Cape Cod and along the complex coastline of Casco Bay in Maine. They range in size from 1 to 11 acres, averaging 3 acres. 

Table 7. Distribution of occurrences of cliffs and steep slopes in the North Atlantic Coast Ecoregion
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Biodiversity 

Other than resident birds of the rocky shoreline cliffs (see Rocky Shore section), there are no Natural Heritage (e.g. state tracked species) records of cliff or talus specialists or nesting species in this ecoregion. The steep slopes are of interest for their unique communities, in particular the stunted maritime beech forests found on the Long Island bluffs, comprised of beech, hophornbeam, white oak and hickory on old glacial ridges, and hemlock and mixed coastal forests on the Maine coast. 

Selection Criteria
Qualifying occurrences were required to meet the following criteria:

· Size: over 1 acres.

· Landscape context: LCI below 60 or between 60-90 with other confirmation.

· Condition: confirmation by a ground survey point or expert review.

· Co-occurrence: if no confirmation, then in a matrix block or coastal unfragmented block or already secured on GAP 1, 2 land.

Goals and Results 

Only 7 examples qualified as critical for the portfolio for the portfolio:

· Cape Cod:  5 occurrences already secured on a nature reserve contained within a coastal unfragmented block.

· Long Island: 1 occurrence of mile long maritime beech forest on Roanoak point.

· Penobscot Bay coast: 1 occurrence of sloping hemlock forest at Cushman Hill.

This is a small patch system, peripheral to the region.  Thus we set a goal of 10 with a focus on the bluff systems that sometimes support a monotypic community type. The 3 occurrences of the beech forest on Long Island are connected by a single ridge and we treated them as one large occurrence, otherwise the goal would have been met. We suggest that the slopes on moderately calcareous substrate in Penobscot Bay be investigated as candidates.  In addition, some of the ocean side cliffs on Martha’s Vineyard, Block Island and Long Island may be captured in the beach and dune ecosystem set.

E. Summit Ecosystems in the  North Atlantic Coast Ecoregion
Overview

Summit ecosystems, so characteristic of other northeastern ecoregions are uncommon and peripheral to this flat coastal region.  Summit occurrences, numbering 891, are associated with resistant bedrock or high morainal features (Table 8). All are small, averaging 3 acres in size and ranging from 1 to 28 acres.  Rare in the ecoregion, they are also rarely undeveloped, so summit communities in an undegraded condition were a valued conservation target. 

Table 8. Distribution of the 891 summit occurrences in the North Atlantic Coast Ecoregion.
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Biodiversity 

In this region, summits host a variety of rocky woodlands characterized by openly-spaced stunted canopy trees, rock outcrops and thin shallow soils. Dry woodlands of chestnut oak or mixtures of oak-hickory or oak–pine predominate.  On coastal morainal features shaped on outwash sand, unique maritime beech and maritime oak forests may occur. The summit and steep slopes maritime beech forests found on old glacial ridges on Long Island are a mixture of beech, hophornbeam, white oak and hickory.  Mafic bedrock settings may host numerous uncommon plants such as green rock-cress, linear leaved milkweed, narrow leaved vervain, false china root, large twayblade and northern dropseed.  The rare red-bellied tiger beetle is found in this setting. 

Selection Criteria
Qualifying occurrences were required to meet the following criteria:

· Size: over 5 acres.

· Landscape context: LCI below 60 or between 60-90 with other confirmation.

· Condition: confirmation by a ground survey point or expert review.

· Co-occurrence: if no confirmation, then in a matrix block/CUB or secured on GAP 1, 2 land.

Goals and Results 

Out of 891 assessed, 18 examples qualified as critical for the portfolio: 

· Mt. Agamenticus, ME:  4 summits with confirmed good examples of oak woodlands.

· Tarr Mountain, Bald Head ME: 1 summit with confirmed pitch pine woodland. 

· Blue Hills Reservation, MA: 3 summits already secured for conservation and inside a coastal unfragmented block.

· Cape Cod, MA: 2 occurrences already secured for conservation.

· Middlesex Fells, MA: 1 occurrence on land secured for nature reserve.

· Turner Hill: ME: 4 occurrences.

· Bradbury Mt. State Park, ME: 1 occurrence secured on a nature reserve.

· Gulf of Maine: 2 unnamed summits 

The first round of goal assessment revealed that none of the mafic bedrock summits had met the landscape context (LCI) criterion, nor had the maritime morainal summits. We relaxed this criterion and added 4 occurrences to reflect this. 

· Horn Pond, MA: 1 mafic summit with several rare plants already secured on a nature reserve.

· Saltonstall Ridge, CT:  the largest basalt ridge in the region (53 acres) with historic plant EO’s (some which likely still occur but are no longer tracked in the state).

· East Rock, CT:  mafic summit with outcrop community, rare plants already secured.

· Roanoak Ridge, NY:  coarse sediment morainal feature with rare maritime beech community.

Our goal for this ecosystem was 20 occurrences distributed across all typical subsections and bedrocks. After making the adjustments discussed above we met the goal although not in exact proportion.  Because we chose larger examples our selections, totaling to 428 acres, account for 15% of the total acreage (Table 9). 

Table 9:  Summary of summit critical occurrences across bedrock types and subsection.  Only examples that met the criteria and qualified as a critical portfolio occurrence are listed. [image: image8.wmf]212Db
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F. Bowl, Ravine, Cove Ecosystems in the North Atlantic Coast Ecoregion 

Overview

Bowl, ravine, and cove ecosystems common in other, more topographically dramatic northeastern ecoregions are rare and peripheral to this flat coastal region.  They number only about 1000, and are associated with gullies, stream features, and the base of steep slopes (Table 10). These are small features averaging 3 acres in size and ranging from 1 to 67 acres.  Typically these sites are dark, moist, and wooded, with nutrient rich colluvial deposits (soil and rock debris that has moved downslope).  

Table 10.  Distribution of bowl, ravine, and cove ecosystems in the North Atlantic Coast Ecoregion. Results of the selection process are shown with a Y or N. In column one, a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not, “?NA” indicates an unknown status.
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Biodiversity 

These features are often hidden away, but these small systems are vulnerable in the heavily developed North Atlantic Coast ecoregion. In their natural condition they harbor pocket swamps, seeps, cool hemlock stands and rich woods. Relatively uncommon sedges, ferns, horsetails, sphagnum moss and other moisture-loving plants are found here. Pipeworts, arrowheads and other aquatic plants may be found on some of the cove and ravine features that are adjacent to fresh or estuarine waters. These shadowy places intermingle with tall bluffs and steep slopes along coastal moraines, settings that are identified with increasingly rare maritime beach and coastal oak forest. 

Selection Criteria
Qualifying occurrences were required to meet the following criteria:

· Size: over 1 acre.

· Landscape context: LCI below 60 or between 60-90 with other confirmation.

· Condition: confirmation by a ground survey point or expert review.

· Co-occurrence: if no confirmation, then in a matrix block/CUB or on GAP 1, 2 land.

Goals and Results 

This system is peripheral in NAC so a goal was set of 20 occurrences distributed across subsections. Out of 1028 assessed, 22 examples qualified as critical for the portfolio while many remained in an “unknown” status, reflecting a lack of information about these features.  The numeric goal was met although the subsection stratification had some gaps, particularly in the Long island subsections.  Examples of selected targets for this feature include: 

· Mt. Agamenticus, ME: 2 occurrences in a matrix blocks.

· Cushman Hill, ME: hemlock forest.

· Arrowsic Island, ME: occurrences of oak hickory forest.

· Blue Hills Reservation, MA: 2 occurrences.

· Cape Cod, MA: on secured land.

· Hamburg Cove Site, CT: uncommon wetland plants.

· Foster Pond Site, CT: secured for multiple use, wetland plants.

· Cathance River Site, ME: estuarine edge.

· Matunuck Hills, RI: coastal oak forest (white oak type).
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Overview

The North Atlantic Coast abounds with over 300,000 acres of salt marshes, brackish marshes, and tidal flats tucked along a narrow zone tracking the continental shoreline. The huge marsh complexes flanking Delaware Bay and the New Jersey Atlantic shore account for a great deal of this (Figure 3), and mask the fact that most of the 26,000 discrete tidal marshes in the region are small, averaging only 32 acres in size, and vulnerable. Most examples have been subject to harvesting for salt marsh hay and are within easy reach of several of the largest US cities. Never-the-less, thanks to national refuges, private ownerships, conservation policies and the mitigating presence of the ocean, the tidal complexes of wetlands and beach are surprisingly intact, hosting critical examples of unique ecosystems and breeding population of many vulnerable species.   
The straight-line distance from one end of the region to the other is 475 miles. Compressed within that area, however, is 5,198 miles of shoreline (measured at a 1:100K scale). The discrepancy in distance is due to the complexity of the shoreline that also controls orientation, exposure and tidal ranges. Extensive marshes within large bays or behind large linear barrier islands are found in the southern part of the region where the shores are relatively simple (Figure 4A).  In the north, where the shoreline is rocky and irregular, tidal marshes tend to be tucked into smaller elongated bays (Figure 4B). 
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[image: image36.wmf]SUBSECTION

Calc

Mod.C

alc

Granite

Mafic

Subsection GOAL 

Subsec_name

Y

N

Y

N

N

N

Y

N

Y

N

Y

N

Y

N

TY

TN

GOAL

Discrepency

Penobscott Bay Coast

1

48

1

242

1

177

103

1

50

22

1

691

4

1334

1338

44

-40

Gulf of Maine Coastal Plain

39

17

1

45

39

152

50

1

342

343

0

1

Gulf of Maine Coastal Plain Lowland

2

63

3

399

12

491

12

194

9

609

11

###

44

2992

3036

100

-56

Boston Basin

1

36

1

134

72

116

21

1

380

381

13

-12

Cape Cod Coastal Lowland and Islands

1

12

3

138

49

1728

53

1878

1931

64

-11

Narragansett-Bristol Lowland and Islands

24

650

19

7

408

12

77

1371

85

79

193

2539

2732

90

103

Southern New England Coastal Lowland

1

3

137

7

19

215

2

203

27

253

22

51

838

889

29

22

Southeast New England Coastal Hills

14

2

28

14

28

2

84

86

0

2

Long Island Coastal Lowland and Moraine

4

58

17

69

856

7

69

942

1011

33

36

New Jersey Outer Coastal Plain

73

2005

1

39

74

2044

2118

70

4

New Jersey Inner Coastal Plain

5

22

1

1

12

19

2323

128

19

2492

2511

83

-64

Delaware Bay

1

1

4

2

4

6

0

2

3

73

28

1261

4

620

45

1563

15

613

324

9467

98

###

513

15869

16382

540

-27

GOAL by bedrock

3

43

1

31

53

21

323

78

Discrepency

0

-15

-1

-31

-8

-6

1

20

Grand 

Total

Unknown

Acid 

Sedimentary

Coarse 

Sediment

Fine 

Sediment

Total


Figure 4.  Comparison of shoreline complexity from south to north
Biodiversity

Coastal wetlands are one of the most critical habitats in the region and their importance to rare species, shore birds, and offshore fisheries is out of proportion with their narrow and limited extent. Although the associated larger vertebrates have been well studied, the life histories and conservation needs of the thousands of specialized plants and invertebrates, (crabs, shellfish, amphipods and other macro/micro invertebrates) are largely unknown.

The coastal zone, as defined for this assessment, extends landward from just beyond the low tide line to the terrestrial margin marked by a substrate change or line of permanent vegetation, where headlands, cliffs and uplands are found. Ecologists separate coastal wetlands into a number of broadly defined ecosystem types based on structure, processes and composition as described below. 

Tidal marsh – Salt marshes and brackish tidal marshes are mats of grassy salt-tolerant plants that form in poorly drained flats subject to periodic inundation by salt water.  The species composition depends on the salinity of the overwash water with brackish marshes mostly restricted to the mouths of rivers where there is a mixing between fresh and salt water. For this assessment, both types were captured under the tidal marsh category because our mapping method, based on the NWI maps, did not reliably separate the two. The largest marshes occur in Delaware Bay and along the New Jersey coastal plain where they form a nearly contiguous occurrence over 71,000 acres, in extent (Figure 3).
Salt and brackish tidal marshes are important  breeding and migratory stopover areas to many of the region’s rarest birds such as the salt marsh sparrow, roseate tern, arctic tern, willet, king rail, and black rail. The common vegetation, exemplified by the dominant spartina grasses, have evolved mechanisms to resist desiccation and maintain salt balance in this extreme setting. Rare or declining plants species include saltmarsh geradia, Long’s bittercress, seabeach sedge, saltmarsh false foxglove and dwarf glasswort.

Tidal flat – Tidal flats are extensive, horizontal tracts of unconsolidated clays, silts, sands and organic materials that are alternately covered and uncovered by the tide not allowing for much vegetated growth. During low tide, shorebirds congregate in tidal flats, sometimes in vast numbers, to feast on their abundant burrowing invertebrates. This habitat is inconsistently mapped in the NWI coverage but co-occurs at many of the selected tidal marsh sites.
Salt pond – Coastal salt ponds are discussed separately in the next section. 
Tidal shores including headlands, cliffs and rocky shores, and beach-dune systems are discussed in separate sections 

Selection Criteria (and see discussion of tidal wetland complexes)
The screening criteria used to locate and identify coastal shore and wetland features most critical to maintaining biodiversity required that each qualifying occurrence:

· was large and contiguous: over 50 acres or part of a complex over 100 acres.
· was in good landscape settings (Land Cover Index < 30).
· was in good condition based on ground surveys and expert opinion (corroboration by at least one source).
· contain other confirmed biodiversity features (element occurrences).
The 50 acre size criteria for tidal marshes was determined by a literature analysis of minimum area requirements for the characteristic breeding species as well as information on the scale of specific disturbances. The average breeding territories for typical salt marsh birds of the North Atlantic coast was compiled from the Birds of North America species accounts (Poole & Gill 1992-). Information on the scale of disturbance events indicated that although small scale such as ice floes and wrack burial cause patches of vegetation mortality, the marshes in this coast are apparently resilient to larger storm events. Plotting disturbance damage and breeding area size on the same linear scale (Figure 5) suggested that a 50 acre marsh would provide adequate space for most, but not all, species and allow for anticipated disturbance dynamics (see Anderson 1999 for a more complete discussion of the methods).  
Figure 5. Minimum dynamic area for disturbance processes and minimum area requirements for breeding species in North Atlantic Coast salt marshes.
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Figure 6.  The average size of the salt marshes where confirmed occurrences of salt marsh species were found. Data from US Natural Heritage program, restricted to species with 5 or more occurrences. This method tend to underestimate the size of the entire wetland where the species was observed
[image: image37.emf]0

100

200

300

400

500

600

700

800

900

1,000

1,100

1,200

1,300

1,400

1,500

1,600

1,700

1,800

Arctic tern

Northern harrier Short-eared Owl

Least Tern

Common Tern

Yellow-crowned Night-heron Piping Plover

Black Skimmer

Great Egret

Snowy Egret

Roseate Tern

Barn owl Black-crowned night heron Glossy Ibis American oystercatcher

Horned Lark

Osprey

Beach/Dune size (acres)


As a second source of evidence we examined survey records for species and communities with documented occurrences in this ecoregion’s tidal wetlands. By plotting the mapped locations of salt marsh associated species on the location of actual salt marshes we calculated the average size of the marshes where these occurrences had been located (Figure 5).  The results emphasized a huge range of variation in the observational data, however, 18 of the 22 species had been observed in marshes averaging over 50 acres. 

Tidal Wetland Complexes 

Although the tidal marsh analysis proved a good starting point our mapping method tended to underestimate the size of whole wetland complex in which the tidal marshes were a part. This was because the base data we used (National Wetland Inventory maps) often mapped a single marsh as an aggregate of smaller polygons.  For example a salt marsh bisected by a tidal creek might be mapped as two discrete units on either side of the creek. A breeding species occurring on one side would be associated only with the size of that part of the marsh.
To get around this limitation we developed a map of coastal marsh complexes based on physical features that unified marsh, tidal flat, beach and salt ponds into a single wetland complex. This had a number of advantages but first and foremost it made good ecological sense, as coastal wetlands have many non-discrete characteristics similar to matrix forests (Figure 2). While some exist as truly discrete entities, most form loose networks of interconnected fringing wetlands that are supported by the same ecological processes, and through which nutrients, energy and species are freely exchanged.
Development of the wetland complexes map was a two step process. First we located and identified the individual tidal marsh polygons that met the screening criteria. Next we examined each selected marsh on maps that displayed adjacent tidal and fresh wetland, coastal streams, salt ponds, beaches, geology, shoreline substrates, land forms and other coastal features. The maps also showed roads, development, agriculture, quarries and other fragmenting or constraining features. Using this information we hand-delineated tidal wetland complexes of various sizes that centered on the qualifying marshes. 

Goals and Results

The results of this process was a set of 109 tidal wetland complexes, averaging 3,710 acres in size and ranging from 29 acres (Rye North Beach) to 87,419 (NJ Delaware Bayshore). The complexes encompassed most but not all of the individual polygons and became the focal point of our assessments. We adjusted our selection criteria to take in account the size of the entire wetland complex as well as the sizes of the individual occurrences within the complex. This allowed some smaller features to be included in the portfolio if they were part of a large wetland mosaic.

Using the large wetland complexes we set a basic goal of 5 per subsection (5 X 14 = 70) and then redistributed that by the proportion of marshes that were found within each subsection.  This reflects the fact that we considered the tidal marshes to be a restricted ecosystem type, suggesting a goal of 20 per subsection, but that on average the tidal complexes contained 4 tidal marsh polygons. 

We came very close finding and selecting qualifying examples in the exact number sought having only slight deficits in the Narragansett lowlands and slight surpluses (see discrepancies column) in several subsection (Table 11). However because of the semi-continuous quality of the complexes and the huge variation in the sizes of the marshes, the total acreage selected is perhaps a better indicator of how the conservation sites were distributed across the subsections.  By this measure those subsections with slight numeric deficiencies can be seen to have ample (1,000 to 70,000) acres identified. 

Table 11:  Goals for Tidal Marsh Complexes in the North Atlantic Coast: Sufficiency goal was equal to 70 viable occurrences (5 per subsection) adjusted by proportional representation as shown in the fourth column. Total acre selected is also important in understanding the distribution of the identified complexes (see text)  
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G2. Coastal Salt Ponds and 
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Sea Level Fens in the North 

Atlantic Coast Ecoregion

Overview

Coastal salt ponds are bodies of water and the associated marshland behind a barrier beach and subject to frequent or occasional tidal flow or mixing of ocean and fresh water.  Salinity can range from fresh to salt, and may be relatively stable in the case of ponds with permanently open breachways to widely fluctuating in the case of ponds that breach only during large storm events.  Many ponds have been altered with groins or jetties to create a permanent connection to the sea.

This ecosystem is restricted to a handful of NAC subsections shown in Table 12; not all examples are recorded in that database but the distribution is fairly accurate. 

Sea level fens are a related but rarer ecosystem type, with examples known only from Long Island. The full distribution of this ecosystem in the ecoregion is unknown.   
Table 12:  Distribution of salt ponds and sea level fens by subsection in NAC.  Results of the selection process are shown with a Y or N. In column one, a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. 
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Biodiversity

Salt ponds are typically brackish but range from fresh to saline.  Found behind barrier beaches that close off a lagoon or bay, some have permanent inlets and most have occasional breaks in their barriers during storms that cause the pond to become saline until the barrier reforms. Plant diversity varies depending on salinity, however, typical ponds are dominated by the submergent vascular plant widgeon grass (Ruppia maritima) and the marine red algae tubed weed (Polysiphonia spp.). Other characteristic plants of the pond include the marine green algae Cladophora spp. Marine algae are often less frequent in more saline examples. Brackish ponds may contain flora typical of brackish subtidal aquatic beds including several pondweed species (Potomogeton spp.) Characteristic pond fauna include multiple species of grass shrimp (e.g., Palaemonetes spp.), and the estuarine minnows mummichog (Fundulus heteroclitus), sheepshead minnow (Cyprinodon variegatus), silversides (Menidia spp.), and various killifish. Coastal waterbirds including great blue heron (Ardea herodias) and egrets feed on the fish (Edinger et al. 2002).

The sedge-dominated sea-level fens occur just above sea level at the upper edge of salt marsh complexes. Acidic and oligotrophic freshwater seepage mixes with salt or brackish water from tidal overwash at infrequent intervals, reportedly only during unusually high tides. Thus, by definition this fen is a palustrine, rather than an estuarine, community. The fen is herb dominated but can have trees and shrubs at low percent cover. Dominant plants include spikerush (Eleocharis rostellata), twig-rush (Cladium mariscoides) and threesquare (Scirpus pungens). The invasion of reedgrass (Phragmites australis) is a serious threat to this community. (Edinger et al. 2002).

Selection Criteria
Qualifying occurrences were required to meet the following criteria:

· Size: > 1 acre.

· Landscape context: LCI below 60 or between 60-90 with other confirmation.

· Condition: confirmation by a ground survey point or expert review.

· Co-occurrence: if no confirmation, then in a Matrix block/CUB or secured on GAP 1, 2 land.

Goals and Results

For coastal salt ponds, we set a minimum goal of 20 examples of this restricted community.  Our results located 24 qualifying occurrences, thus meeting our minimum.  We advocate for the protection of all these occurrences.  For sea level fens, a presumably peripheral ecosystem type, we set a goal of 5. The 3 viable examples of sea level fens identified in NY were selected based on landscape and verification of site.  We advocate for continued inventory of this system. 

However, some high quality salt ponds were not in the Natural Heritage data that we had available at the time.  Efforts should be made to get these into the portfolio and to see if they are in updated versions of the state databases.

H. Freshwater Wetland Ecosystems

[image: image41.wmf]212Db

221Aa

221Ab

221Ac

221Ad

221Ae

221Ag

221Ak

232Aa

232Af

Bowl, Ravine, Cove 

Narrangans

ett-Bristol 

Lowland 

and Islands

Hudson 

Highlands

Gulf of Maine Coastal Lowland

Long Island 

Coastal 

Lowland and 

Moraine

Long 

Island 

Soun

d

Critical Occurrences

Geology_desc

N

Y

N

Y

N

Y

N

N

Y

N

N

Y

N

Y

N

N

N

Y

?NA

Grand Total

Acidic granitic

11

26

2

2

15

1

5

2

59

5

122

186

Acidic sed/metased

19

2

2

4

22

1

6

1

55

2

214

271

Coarse sediments

10

1

23

5

38

1

192

231

Mafic/intermediate granitic

1

10

3

4

23

1

3

5

36

14

138

188

Mod calcareous sed/metased

20

20

132

152

Grand Total

51

12

31

2

12

1

8

60

2

1

6

3

5

2

29

5

208

22

798

1028

Southeast 

New England 

Coastal 

Lowland

Penobscot 

Bay Coast

Boston Basin

Cape Cod 

Coastal 

Lowland and 

Islands

Southern 

New England 

Coastal 

Lowland

in the North Atlantic Coast 
Ecoregion: Introduction 
Overview

[image: image42.jpg]TheNature
Canservanry

North Atlantic Coast Ecoregion
Dams

A

N
DRAFT: 6/06
Scale 1

2750000

Dams’ Purpose
© Hydroclectric
*  Flood control
®  Wacer supply
Receeation

Other

—— Fcoregion boundary

——— Subsection boundary

\
l,‘ De Lm,.“ o
S

DATA SOURCES.

Dams: US EPA National Inventory of Dams

Subsection boundaries: TNC Eastern Conservation Seience, based on
S (Keys et al) Subsections w Natural Heritage Program data, 111\

Politcal boundaries: ESL. USGS. 121

Map produced by TNC-ERO 6/06. Copyright © 2006, The Nature Conservancy
ELME NAC geodata views nxd plan 21-Tidal rvers nxd




Much of the North Atlantic Coast Ecoregion is embedded with salt, brackish and freshwater wetlands.  The freshwater wetlands make up roughly 800,000 acres; about 11 percent of the ecoregion.  Forested wetlands comprise the bulk of this acreage, with approximately 618,800 acres or 80% of the total, compared to non-forested wetlands such as bogs and fens, shrub swamps, marshes and wet meadows that make up 20% of the wetlands (167,800 acres).  These systems occur on all substrate types and elevation zones, but occur at dramatically different scales across the ecoregion, with single occurrences ranging from 26,000 acres in coastal New Jersey (subsection 232Ab) to just over 1000 acres in the northern subsections.
The larger wetland complexes in the ecoregion are forested, with red maple swamp, Atlantic white cedar swamp and pitch pine wet woods (pitch pine savanna) being the dominant types.  Pitch pine wet woods is the most restricted in distribution, with the southern end of NAC as the core of its range (see Forested Wetlands description for more detail).  Of the open wetland types, coastal plain pondshores (outwash plain pondshores) and related coastal plain bogs are the most restricted to this ecoregion.
Wetland Model and Data Sources

Detailed wetland mapping has been done by many state programs as well as nationally by the National Wetlands Inventory (NWI; Cowardin, et al. 1979).  We excluded wetlands under one acre; to filter out small mapping errors and create a data set of manageable size.  For many wetland types, the larger examples will capture the full range and better expression of the type than these tiny occurrences.  However, several important wetland types will be under-represented in this analysis including seasonally flooded pools (vernal pools and others), headwater seeps, and springs.  The assumption is that these communities will be captured as nested targets within the unfragmented coastal blocks, the matrix forest blocks and target species sites.  Ideally, a more detailed analysis would be run in sample locations to test this assumption.

Freshwater wetlands are well represented in the state Natural Heritage databases under both species and natural community occurrences.  Rare natural communities such as bogs, calcareous fens and Atlantic white cedar swamps have received more inventory effort in contrast to common habitats such as red maple swamps or alder shrub swamps.  However, by using the species records, we get representation from a broader set of communities.  The Natural Heritage databases contained 533 wetland community occurrences (EO’s) and over 1900 species EO’s that contained sufficient information to tag to specific wetland type.   This included 273 tracked species: 40 vertebrate, 44 invertebrate and 189 plant species in total.  These records were used to corroborate wetland identification and inform prioritization.

In order to utilize the EO’s for this analysis, all wetland EO’s were assigned to a consistent natural community system as outlined below.  More detail is shown under the separate Forest and Open Wetlands sections and the full list of state names crosswalked to the ecoregion types is available. 

Forested Wetlands


Conifer and mixed swamps


Hardwood swamps


Floodplain Forests (some overlap with types above; see floodplain section)

Non-forested (open) wetlands


Shrub Swamps and Marshes (includes some riparian wetlands)



Shrub Swamps



Marshes



Wet Meadows


Bogs and Fens



Dwarf Shrub Bogs



Acidic Fens



Calcareous Fens


Lake or Pond – palustrine component (primarily Coastal Plain Pondshores)

Caveats on Floodplains and Coastal Plain Pondshores
Although the freshwater wetland model encompasses some examples of floodplain and coastal plain pondshore communities, they were not consistently mapped using the NWI based methodology.  Both of these wetland types have highly fluctuating hydrologic regimes and are typically dry for large parts of the year. To address this issue, we developed a separate floodplain/riparian model for river related ecosystems and for the well inventoried pondshores we limited our analysis to confirmed ground survey points provided by the heritage programs. 

H1. Forested Wetland Ecosystems
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in the North Atlantic Coast Ecoregion

Overview 
A total of 24,183 forested freshwater wetlands ranging in size from 1 to 26,404 acres were identified using the NWI-based ecosystem models.  Mean elevation for the wetlands was 23 meters, with a range from sea level to 165 meters (Table 13).  Since this ecoregion lacks the extensive conifer bogs of the north, most of the forested wetlands in NAC can be broadly described as forested swamps including floodplain forest, forested seeps, and broadleaf and conifer swamps.  The forested bogs tend to be quite small.  Differences in dominant species, flooding regime (seasonally to semi-permanently flooded) and substrate (peat or mineral soils) are used to describe the different types.  The most common forested wetlands in this ecoregion are red maple swamp, Atlantic white cedar swamp and pitch pine wet woods.
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Table 13. Properties of forested wetland occurrences (MO’s) in North Atlantic Coast Ecoregion

	Attribute
	Range
	 Mean
	Std deviation

	Size (acres)
	1 to 26,404 
	25.6
	257.0

	Elevation (meters)
	0 to 165
	23
	19.0

	LCI value (land cover index)
	0 (best) to 312 (worst)
	87
	66.0

	GAP12
	0 to 100%
	4.7%
	18.8

	GAPtotal
	0  to 100%
	14.0%
	31.8

	Wetland Complex size (acres)
	1 to 800,139
	37,810
	166,112


Over 73% of modeled occurrences were less than 10 acres and only 7% were greater than 50 acres (Table 14).  However, the larger wetlands (greater than 50 acres) accounted for more than 70% of the total forest wetland acreage across the ecoregion.  Based on literature of breeding requirements supplemented by data from nearby ecoregions, wetlands greater than 50 acres typically support a larger percent of forest wetland species.  Thus we focused our selection on these larger occurrences to serve as a coarse filter for all species, and selected small examples where other evidence pointed to biodiversity elements that might otherwise be missed (e.g., forest seeps, viable element occurrences for other species, etc.).

Table 14. Distribution of forested wetland occurrences by size class in NAC Ecoregion.

	Size class
	Size range (acres)
	 Total # of occurrences
	Percent of occurrences
	
	Total area (acres)
	Percent of area

	1
	1 – 10
	1,766
	73%
	
	62,978
	10%

	2
	10.1 – 50
	4,877
	20%
	
	105,763
	17%

	3
	50.1 – 500
	1,472
	 6%
	
	193,594
	31%

	4
	> 500
	160
	<1%
	
	256,443
	41%

	Total
	
	24,183
	
	
	618,777
	


Biodiversity 

Forested swamps with their tangled structure, abundant water and often impenetrable understories are rich in species.  Typical animals that breed in this ecosystem include beaver and water shrew, birds such as wood duck, Canada warbler, northern parula, prothonotary warbler, northern waterthrush, and a variety of reptiles and amphibians like the four-toed salamander and wood turtle.  Rare species include the Hessel’s hairstreak and plants such as swamp pink, pine barren gentian, and pine barrens smokegrass.  

Ecologists sort the forested wetlands of the North Atlantic Coast into several broad groups (described below), each defined by plant composition and structure 

Conifer and Mixed Swamps

Atlantic white cedar swamp:  a basin or streamside peatland dominated or co-dominated (30% cover or more) by Atlantic white cedar (Chamaecyparis thyoides).  Red maple is often co-dominant and yellow birch, black gum, hemlock, white pine are frequent associates.  Hessel’s hairstreak butterfly is an obligate feeder on Atlantic white cedar.  Core range of this ecosystem is the North Atlanic Coast ecoregion and the Lower New England – Northern Piedmont ecoregion, although C. thyoides itself is widespread along Atlantic coast.
Hemlock swamp:  dominated by hemlock (usually >50% cover) often mixed with red maple and/or yellow birch (i.e., hemlock – hardwood swamp) and/or white pine.  Typically on mineral soils in shallow basins with seasonally fluctuating water levels.  Widespread type.

Pitch pine wet woods:  pitch pine dominated wetland on low elevation outwash soils with perched water table or sites subject to temporary flooding.  The type has its core range in the NAC ecoregion where it is distributed almost exclusively in New Jersey.  Long Island or southern New England may have some small examples.
Northern white cedar swamp:  Dominated by Thuja occidentalis; small patch, peripheral in NAC.
Hardwood Swamps
Red maple swamp:  very common forested wetland type, widespread and well represented across this ecoregion.  Not adequately captured by Natural Heritage occurrences.  Dominated by red maple with common associates black gum, sweet gum (southern part of ecoregion) and ash.  
Oak swamp:  dominated by pin oak or swamp oak (Quercus bicolor), often with red maple but at lesser percents than found in red maple swamps.  Floodplains and seasonally flooded sites.

Other Forested Wetlands

Small patch forested communities that are likely to be missed in this model include forested seeps and vernal pools.  These will be captured to some degree within upland forest targets.

The distribution of these systems was partially correlated with geographic subsection and bedrock or surficial substrate type. The availability of NHP ground inventory points was invaluable in determining how well the ecosystem models covered the variety of forested swamp systems (Table 15). We used this information to inform our stratification scheme when selecting critical occurrences. 
Table 15. Natural Heritage forest wetland community element occurrences (EO’s) in NAC by Subsection.  These data are dependent on state tracking effort and may not represent relative abundance or distribution of the different wetland types.  *state names tagged to consistent ecoregion ecosystem and community names.

	Ecosystem*
	Community*
	212 Db
	221 Aa
	221 Ab
	221 Ac
	221 Ad
	221 Ak
	232 Aa
	232 Ab
	232 Ac
	NAC Total

	Floodplain
	Floodplain Forest
	2
	
	
	17
	1
	13
	
	
	3
	36

	
	Floodplain Forest - High Terrace
	
	
	
	
	
	2
	
	
	
	2

	Floodplain Total
	 
	2
	 
	 
	17
	1
	15
	 
	 
	3
	38

	Forested Seep
	Circumneutral Forest Seep
	
	
	1
	6
	
	
	
	
	
	7

	Forested Seep Total
	 
	 
	1
	6
	 
	 
	 
	 
	 
	7

	Forested Swamp - Conifer or Mixed
	Atlantic White Cedar Swamp
	
	
	10
	15
	2
	24
	4
	
	
	55

	
	Hemlock Swamp
	1
	
	
	1
	
	9
	
	
	
	11

	
	multiple types
	
	
	
	
	
	2
	
	
	
	2

	
	Northern White Cedar Swamp
	1
	
	
	
	
	
	
	
	
	1

	
	Pitch Pine Wet Woods
	
	
	
	
	
	
	
	16
	
	16

	Forested Swamp - Conifer or Mixed Total
	2
	 
	10
	16
	2
	35
	4
	16
	 
	85

	Forested Swamp – Hardwood
	Oak Swamp (Swamp white oak, Pin oak)
	
	
	
	
	
	3
	
	
	
	3

	
	Red Maple - (Ash, Black Gum) Swamp
	
	
	
	8
	1
	15
	9
	
	
	33

	
	Red Maple – Black Ash Calcareous Swamp
	
	
	
	
	
	4
	
	
	
	4

	
	Red Maple - Sweetgum Swamp
	
	
	
	
	
	
	6
	3
	
	9

	Forested Swamp - Hardwood Total
	 
	 
	 
	8
	1
	22
	15
	3
	 
	49

	TOTAL 
	
	4
	
	11
	41
	4
	96
	19
	19
	3
	179


Selection Criteria 

The baseline criteria for an occurrence to qualify as a critical site was set as follows:

· Size: minimum 100 acres.  In some instances forested wetlands 50-100 acres with exemplary condition, strong corroborating evidence and good landscape context were considered qualifying especially when advocated for by a trusted source.
· Land Cover Index Class: LCI <60.  (LCI value 1-30 was considered best and LCI value 31-60 was considered adequate). 

· Condition: verification by an element occurrence or expert.

· Corroboration: not necessary for larger wetlands, but those in the 50-100 acre range were accepted if there was substantial evidence of the quality and importance of the occurrence. 

The assumption was that larger forested wetlands contained a higher diversity of vegetation types and wetland species. With the exception of a few small patch communities, most forested wetlands depend on natural processes at a larger scale and are better captured by larger occurrences or complexes.  Criteria for selecting small patch types was better met by species or natural community occurrences that were identified as targets in the ecoregion.  Manual review was necessary for borderline examples to assess whether biodiversity components are present and modifications to the selection were made accordingly.  Some small wetland occurrences fell within protected areas or portfolio sites and were categorized as defacto supporting wetlands.  Expert review was allowed to override criteria in some cases. Additional candidate occurrences can be confirmed and added in the future – if needed to meet goals – assuming they are corroborated with element occurrences and other evidence.   

Goals and Results 

To insure that the portfolio would have adequate replication and redundancy of various forest wetland types, we set a minimum goal of an average of 20 occurrences per subsection, weighted by percent of forested wetlands in each subsection.  There are 10 land-based subsections in NAC, but we also included one adjacent Lower New England ecoregion subsection that contains a large number of wetlands on the NAC border.  Thus 11 subsections times 20 wetlands per subsection provides a minimum goal of 220 forested wetlands in NAC.  Because many forest wetlands contain more than one ecoystem type (e.g., atlantic white cedar swamps often contain or co-occur with red maple swamps), additional replication for ecosystem types was not used. However we stratified the selected occurrences across all bedrock types to insure the capture of the full spectrum of forested wetland types (Table 16).

Table 16.  Goal analysis for forested swamps across subsections and bedrock types. Results of the selection process are shown with a Y or N. In the columns a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. Sufficiency Goals (far right column) refers to whether there was a surplus (positive numbers) or deficit (negative numbers) relative to a perfect numeric distribution of examples across subsections. It was calculated by subtracting the goal from the count of critical occurrences.
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The goal per substrate type was roughly met in all but the “granite” category.  It may be that the wetlands on this substrate tend to be smaller and under the cut-off of our size criteria or that landscape context is poorer in these areas.  Additional wetlands in this category may have been captured by the matrix blocks, the coastal unfragmented blocks or certain species occurrences.

H2. Freshwater Open Wetland Ecosystems in the North Atlantic Coast Ecoregion  
Overview

A total of 16,662 emergent (open or non-forested) wetlands ranging in size from 1 to 1,710 acres were identified in the ecoregion.  The vast majority of these occur as small patch communities, with 65 percent wetland occurrences in the 1-5 acre size class (wetlands less than 1 acre were excluded).  The mean size was 10 acres and only 205 occurrences (< 1%) are larger than 100 acres (Table 17).  Less than 20% of these wetlands occur in a good landscape context (LCI Class 1) due to the developed nature of the ecoregion (Table 18).  Those in better condition tended to occur within larger wetland complexes, in association with forested swamps or water bodies.  Special attention was given to adequately represent the full range of open wetland types in the ecoregion.

Table 17. Attributes of emergent (open) freshwater wetlands in NAC Ecoregion.

	Attribute
	Range
	 Mean
	Std deviation

	Size (acres)
	1 to 1,710
	10.2
	40.4

	Elevation (feet?)
	0 to 152
	20
	18.0

	LCI value (0=best)
	0 to 345
	89
	73.0

	GAP12
	0 to 100%
	6%
	21.9

	GAPtotal
	0  to 100%
	16%
	34.3

	Wetland Complex size (acres)
	1 to 800,139
	34,122
	156,694


Table 18.  Open wetland modeled occurrences (number of MO’s) by size and landscape context (LCI).

	Size class
	Size (acres)
	LCI CL0
	LCI CL1
	LCI CL2
	LCI CL3
	LCI CL4
	Total
	%

	1
	1-5
	3
	1638
	2169
	2816
	4165
	10,791
	65

	2
	5.1 – 20
	1
	831
	901
	1092
	1501
	4,326
	26

	3
	20.1 – 100
	0
	376
	288
	330
	346
	1,340
	<1

	4 
	>100
	0
	76
	50
	52
	27
	205
	<1

	
	TOTAL
	4
	2921
	3408
	4290
	6039
	16,662
	


A number of modeled occurrences included embedded examples of coastal plain pondshores, but not as completely as desired. However, since this ecosystem was well represented in community occurrences and species element occurrences, we chose to map, evaluate and select them separately – see Table 19 and the section on coastal plain pondshores. 

Biodiversity

Open freshwater wetlands are preferred habitat for many species.  Typical animals that breed in this ecosystem include beaver, otter, and muskrat; birds such as common yellowthroat, red-winged blackbird, swamp sparrow, marsh wren, sedge wren, American bittern, least bittern, Virginia rail, sora, and woodcock; reptile and amphibians like the spotted turtle, Blandings turtle, ribbon snake and tiger salamander. Marshes also provide breeding habitat for resident fish species, and in some cases provide spawning habitat for diadramous fish such as alewife and blueback herring.  These wetlands are home to rare invertebrates such as the ringed boghaunter, sedge sprite, bog copper and pitcher plant borer moth rare and unique plants like Long’s bulrush, Kneiskern’s beaked-rush, arethusa, small burreed and many others.

Ecologists have classified and described a wide array of freshwater wetland types in this ecoregion. They sort into several broad groups described below, based on characteristic structure and flora:  

Shrub swamp:  shrub dominated wetland that is seasonally flooded, often at edges of water bodies and rivers, as well as in isolated basins.  Dominant shrubs include alder, highbush blueberry, buttonbush, water willow and others.
Marsh:  permanently to seasonally flooded wetland with few shrubs; characterized by grass-like plants such as wool grass, bulrush, cattail, ruches and sedges, manna grass, blue joint, etc. and/or herbs such as pickerelweed, arrow arum, burreed and water-lily.

Wet meadow:  herb-dominated wetlands that are saturated, but not inundated for a good part of the year.  The water table is close to the surface, often due to a shallow clay or hardpan layer, and flooding occurs for short periods, typically in spring and fall.  Grasses, sedges and rushes, and wildflowers such as iris, joe pye weed and boneset are characteristic.  Wet meadows often occur on gentle slope along streams or rivers, but may occur in isolated patches with groundwater seepage.
Dwarf shrub bog/fen:  permanently saturated wetland with little or not input or outflow of water, and accumulation of peat (plant debris).  These are acidic systems, characterized by sphagnum (peat moss) and ericaceous shrubs such as leatherleaf and blueberry.  [Wooded bogs support small trees at the 25-30% cover level.  Although in vegetation classification this would not be defined as a woodland type (>60% canopy), NWI and NLCD maps them as forested systems so those will be better captured in the Forested Wetland model.]

Acidic graminoid fen (Fen: Acidic to Circumneutral):  this sedge and grass dominated peatland has some inflow of water and nutrients, typically in the acidic to circumneutral range in this ecoregion.  Occurs at edges of rivers and lakes as well as in small isolated basins.

Calcareous fen: similar to acidic fens but with calcareous influence.  More frequent or typical outside of NAC.  Many state-rare species associated with this community.
Outwash plain pondshore (coastal plain pondshore):  See section on pondshores

The distribution of these systems was partially correlated with geographic subsection and bedrock or surficial substrate type. However, the availability of NHP ground inventory points was invaluable in determining how well the ecosystem models covered the variety of open wetland ecosystems (Table 19). We used this information to inform our understanding of the wetland types corresponding to a modeled occurrence (Table 20) and to verify the stratification scheme used in selecting critical occurrences. 
 Table 19.  Open wetlands identified by Natural Heritage community element occurrences (EO’s) in NAC.  These data are dependent on state tracking effort and may not represent relative abundance or distribution of the different wetland types.  *state names tagged to consistent ecoregion ecosystem and community names.

	PALUSTRINE COMMUNITIES IN NAC
	Element Occurrences by Subsection
	
	NAC Total

	Ecosystem*
	Community*
	212 Db
	221 Aa
	221 Ab
	221 Ac
	221 Ad
	221 Ak
	232 Aa
	232 Ab
	232 Ac
	

	Bog or Fen
	Dwarf Shrub Bog/Fen
	
	1
	5
	5
	4
	8
	
	
	
	23

	
	Fen: Acidic to Circumneutral
	
	
	
	15
	3
	
	6
	
	
	24

	
	Wooded Bog
	1
	
	1
	3
	
	5
	
	
	
	10

	Bog or Fen Total
	
	1
	1
	6
	23
	7
	13
	6
	
	
	57

	Lake or Pond (palustrine)
	Outwash Plain Pond
	
	
	
	
	
	
	4
	
	3
	7

	
	Outwash Plain Pondshore
	
	
	90
	8
	10
	1
	61
	69
	18
	257

	Lake or Pond (palustrine) Total
	
	
	90
	8
	10
	1
	65
	69
	21
	264

	
	
	
	
	
	
	
	
	
	
	
	

	Maritime Dune
	Maritime Dune Swale
	
	
	1
	1
	
	3
	8
	
	
	13

	Maritime Dune Total
	
	
	
	1
	1
	
	3
	8
	
	
	13

	Shrub Swamp or Marsh
	Fresh Marsh
	
	
	
	
	
	7
	
	
	
	7

	
	Shrub Swamp
	1
	
	
	
	
	4
	9
	
	
	14

	
	Wet Meadow
	
	
	
	2
	
	
	
	
	
	2

	Shrub Swamp or Marsh Total
	1
	
	
	2
	
	11
	9
	
	
	23

	TOTAL PALUSTRINE
	2
	1
	97
	34
	17
	28
	88
	69
	21
	357


Table 20. Natural Heritage species and community element occurrences (EO’s) intersecting with NAC wetland polygons that could be tagged to open wetland types.  These data are dependent on state tracking effort and may not represent relative abundance or distribution of wetland types.

	NAC Ecosystem
	CT
	DE
	MA
	ME
	NH
	NJ
	NY
	RI
	Total

	Bog or Fen
	2
	
	45
	10
	14
	38
	7
	19
	135

	Lake or Pond (palustrine)
	6
	2
	129
	
	3
	18
	50
	4
	212

	Lake/ Pond Shore
	
	1
	10
	
	
	45
	12
	1
	69

	Maritime Dune [swale]
	
	
	10
	2
	
	
	9
	
	21

	Shrub Swamp or Marsh
	3
	
	88
	4
	24
	
	9
	9
	137

	Total
	11
	3
	282
	16
	41
	101
	87
	33
	574


Selection Criteria 

As with other systems, landscape context (based on land cover index - LCI), size, and distribution were used to identify the higher priority examples of the wetland ecosystems for this plan.  Presence of viable species or community occurrences as well as expert knowledge of sites was used to corroborate wetland type and viability.  Tables 19 and 20 illustrate the wealth of Natural Heritage data that was used to inform portfolio selection and stratification of non-forested wetlands although these data were not intended to fully represent distribution or abundance of the different types of open wetlands.  
We had a number of guidelines for applying the screening criteria to select critical examples.  First, we wanted full representation of all size classes.  Unlike forested wetlands, small-scale community diversity and species representation was not correlated with increasing size of open wetland systems. Thus we could not assume that the large examples would represent the biodiversity functions of some of the small open wetlands.  Second, given the large number of occurrences to select from (16,662 modeled occurrences), we strove to first identify those in the best landscape context and add other occurrences only if necessary for representation.  We split the landscape context index (LCI) into a finer division and used LCI value < 10 (very best) for the first cut.  Third, in order to represent all the wetland types the selections were stratified across geographic subsections and substrate classes with some manual attention also given to the range of setting relative to water bodies or streams. For this “adjacency” category we examined what size stream or lake (if any) the wetland was adjacent to. Lastly, sites in high level of protected status (GAP total 95%) served as default selection if other factors were satisfactory, but expert review still determined the final status for portfolio.  
With these assumptions in mind the baseline criteria for an occurrence to qualify as a critical site was set as follows:

· Size: Best example of each of the following categories

· 100+ acres 

· 50 – 100 acres

· 20 – 50 acres

· 1 – 20 acres
· Condition: verification by an element occurrence or expert.

· Landsape Context: Land Cover Index Class (LCI) <10 for first cut, but LCI < 20 acceptable, and where representation of substrate or subsection fell short, LCI >20 and < 50 was accepted.
Goals and Results 

To insure that the portfolio would have adequate replication and redundancy of various open wetland types, we set a minimum goal for wetland using the number of substrate types and subsection as a guide.  There were 9 land-based subsections in NAC and there were 6 bedrock types.  We set a goal of 10 wetlands for each combination.   Thus 10 wetlands times 9 subsections times 6 bedrocks types equals 540 open wetland (Table 21). We also wanted these distributed across size classes and adjacency classes but we were less prescriptive about this requirement. In contrast to the forest systems which often captured multiple community types, open wetland occurrences tended to be more exclusive to a single wetland type, e.g. either a bog or a pondshore, not both.  Three major groups of open wetland ecosystems were present (bog or fen, pond/pondshore, and shrub swamp or marsh).  This reinforced the numeric goal of 9 subsections x 20 wetlands per subsection x 3 ecosystem types = 540 open wetland occurrences as a goal.  This still only represents 3.5% of the total open wetland occurrences in the ecoregion.  Additional supporting occurrences will likely be captured in protected lands, forest blocks and forest wetland complexes.
Table 21.  Goals for open freshwater wetlands. Results of the selection process are shown with a Y or N. In the columns a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. The total number of qualifying occurrences is shown as “TY”(Total Yes) and the GOAL discrepancy was calculated by subtracting the goal from the “TY”for each subsection.  Surpluses (positive numbers) or deficits (negative numbers) relative to a perfect numeric distribution were tabulated.
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We were relatively successful in meeting our goals, identifying 513 key wetlands spread across subsections and bedrock types. Our stratification, however was not perfectly proportional and our selections were somewhat heavy in the Cape Cod subsection and in fine sediment substrates and somewhat light in the Gulf of Maine lowlands. We missed completely any of the moderately calcareous wetlands that may contain some important plant diversity (Table 21). We also did well in representing all size classes with 44 examples in the large size class amounting to 15,650 acres or 9% of all the wetland in the region. The number of examples of smaller wetlands increased as the size of each example decreased, and the total sum of acres in the size class decreased accordingly (Table 22).  For example, the 222 small examples amounted to only 577 acres.  

Table 22. Wetland portfolio by size class: critical sites were skewed towards the larger wetlands but still had a wide selection of sizes.
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A default supporting category may be used to identify some open wetlands in high level of protected status that may serve important functions in the overall landscape, but that otherwise do not meet the portfolio criteria.  Some of the large wetlands in marginal landscape context for example may be good qualifiers for this role.

H3. Floodplain and Riparian Ecosystems
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in the North Atlantic Coast Ecoregion

Overview

River and stream systems were selected in a separate analysis, but the floodplain and riparian zones were modeled separately due to their importance to biodiversity and the relative rarity of intact examples.  A number of large rivers have their mouths in this region and numerous smaller rivers and streams intersect the landscape.

Biodiversity 

Riverine processes create unique physical settings and life zones with a wide variety of moist wooded habitats, fens, marshes and bogs. In the North Atlantic Coast ecoregion, a short list of species suggestive of the diversity of riparian habitats includes reptiles such as the spotted turtle, eastern box turtle, wood turtle, Blanding's turtle, bog turtle and the northern red-bellied cooter; and amphibians like the tiger salamander, blue spotted salamander and eastern spadefoot. Rare cerulean warblers show a preference for floodplain habitat; so do other relatively uncommon birds like northern parula, Louisiana waterthrush and yellow-throated vireo as well as more common species like cuckoos and orioles. Rare insects and plants include: water-willow stem borer and Hessel’s hairstreak; fibrous bladderwort, Opelousa smartweed, cattail sedge, globe-fruited ludwigia, sharp-wing monkey flower, New Jersey rush, Long’s bulrush and golden club.

Riparian Zone: the habitat along the edge of the stream or river, subject to the flooding and exposure during periods of high and low water.  This habitat is characterized by undercut banks, overhanging trees or shrubs; a haven for animals to burrow or hide in the banks or the vegetation.  
Floodplain Forest:  floodplain forests in NAC are characterized by one or two of the following species: silver maple, green ash, white ash, red maple, pin oak and/or Atlantic white cedar.  Sycamore, cottonwood and river birch occur locally in this ecoregion.  Silky dogwood, nettles, poison ivy, cardinal flower, sedges are a few of the common understory plants. During flood events these areas are temporarily overwashed and standing water may remain for variable durations.  There is significant overlap of this community type the forested swamps described above, but the floodplain occurrences tend to be smaller than the acreage of the wetlands selected under the forest wetland criteria.  The floodplain may be a linear feature along a river or seasonally flooded areas in basins or adjacent to ponds or sloughs.

High Terrace Floodplain Forests are a rare type not captured in this model.  Most occurrences are very infrequently flooded (e.g. every 20 -100 years) and thus do not have the characteristics to show up as wetlands in the NWI coverage or our models.  These were best identified from Natural Heritage community occurrences or other field verification.

Selection Criteria
Qualifying occurrences were required to meet the following criteria. 

· Size: over 5 acres

· Landscape context: LCI below 60 or between 60-90 with other confirmation 

· Condition: confirmation by a ground survey point or expert review.

· Co-occurrence: if no confirmation then in a Matrix block/CUB or secured on GAP 1, 2 land.

It was notable that floodplain and large stream riparian systems were found in considerably more degraded landscapes than many other ecosystem types.

Goals and Results 

These systems were categorized as restricted large patch (or linear) systems. To insure that the portfolio would have adequate replication and redundancy of various riparian wetland types, we set a minimum goal of an average of 10 occurrences per subsection, weighted by percent of forested wetlands in each subsection.  There are 10 land-based subsections in NAC, thus 10 subsections times 10 wetlands per subsection provides a minimum goal of 100 riparian ecosystems in the ecoregion.  Because many riparian wetlands contain more than one ecoystem type additional replication for ecosystem types was not used. However we stratified the selected occurrences across all bedrock types to insure the capture of the full spectrum of riparian wetland types.  Goals were met or exceeded across most substrates, but fell short in the New Jersey inner coastal plain and the SE New England coastal hills (Table 23).   
Table 23. Goals for floodplain and riparian systems. Results of the selection process are shown with a Y or N. In the columns a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. The total number of qualifying occurrences is shown as “TY”(Total Yes) and the GOAL discrepancy was calculated by subtracting the goal from the “TY” for each subsection.  Surpluses (positive numbers) or deficits (negative numbers) relative to a perfect numeric distribution were tabulated.
[image: image12.wmf]SUBSECTION

Calcar-

eous 

?

Grand 

Total

Subsec_name

Y

N

Y

N

N

Y

N

Y

N

Y

N

Y

N

N

TY

TN

Total

GOAL

Discrepency

Penobscott Bay Coast

14

17

1

5

3

86

1

3

6

5

5

136

141

3

2

Boston Basin

31

20

62

20

8

0

141

141

3

-3

Cape Cod Coastal Lowland and Islands

28

7

561

7

589

596

14

-7

Narragansett-Bristol Lowland and Islands

4

103

10

96

35

354

16

13

4

4

1

65

575

640

15

50

Southern New England Coastal Lowland

4

110

1

41

5

105

1

9

57

1

11

323

334

7

4

Southeast New England Coastal Hills and Plains

1

3

3

1

6

7

16

-15

Gulf of Maine Coastal Plain Lowland

2

48

5

1

5

100

5

114

20

1

24

13

312

325

8

5

Long Island Coastal Lowland and Moraine

9

7

336

2

4

2

7

353

360

8

-1

New Jersey Outer Coastal Plain

13

661

8

1

13

670

683

16

-3

New Jersey Inner Coastal Plain

34

5

986

65

5

2

2

5

1094

1099

25

-20

Grand Total

11

337

11

222

1

78

3173

25

317

1

101

1

37

11

127

4199

4326

100

27

Bedrock Goal % x 100

8

5

0

75

8

2

1

discrepency

3

6

3

17

-1

0

Mafic 

granitic

Mod 

calcareous 

Subsection 

Goal

Totals

Acidic 

granitic

Acidic 

sedi-

mentary

Coarse 

sediments

Fine 

sediments


H4. Coastal Plain Pondshore 
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Ecosystems in the North 

Atlantic Coast Ecoregion

Overview

The unique floristic communities that occur on the shores of seasonally fluctuation ponds has been a focus of botanists and conservationists for many years.  Flooded in some years, bone dry in others – with huge variation in seasonal cycles as well – this shoreline ecosystem hosts a number of rare species more adapted to stress than to competition. The ponds are typically found in flat, coarse sediment outwash plains. Many of them are tiny and capable of drying up completely during some years, while others are large (>100 acres) water bodies.  

This ecosystem is essentially restricted to the ecoregion. While there are literally tens of thousands of small ponds in the region, not all exhibit this community, thus we restricted our analysis of this well surveyed ecosystem to 247 ground survey examples (i.e., based on Natural Heritage community occurrences or similar verification) (Table 24).

Table 24. Distribution of coastal plain ponds ecosystems in the North Atlantic Coast Ecoregion. Results of the selection process are shown with a Y or N. In the columns a “Y” indicates those examples that met the criteria and qualified as a critical portfolio occurrence, and an “N” indicates those that did not. The total number of qualifying occurrences is shown as “TY”(Total Yes) and the GOAL sufficiency was calculated by subtracting the goal from the “TY”for each subsection.  Surpluses (positive numbers) or deficits (negative numbers) relative to a perfect numeric distribution were tabulated.
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Biodiversity  

These ponds occur primarily in outwash plains and their water level fluctuates to alternately flood and expose narrow to broad shores.  These shores support a unique suite of species including many state and globally rare plant species such as Plymouth gentian, rose coreopsis, New England boneset, creeping St.-Johnswort, short-beaked bald sedge (Rhynchospora nitens) and others.  Common plants include a large variety of sedges, grasses, and rushes as well as forbs like narrow-leaved goldenrod, meadow-beauty, pipewort, golden-pert, to name a few.  These ponds typically support a rich invertebrate fauna including rarities such as comet darner, lateral bluet, and pine barrens bluet, and mussels such as tidewater mucket and eastern pond mussel.  The coastal plain pond and pondshore system and many of the associated species are largely restricted to the NAC Ecoregion thus protection in this ecoregion is critical. A few scattered examples and related systems occur in Nova Scotia, North Carolina, and on the periphery of NAC.
Data and Mapping

Although many of the ponds or pondshores were mapped as open or forested wetland in the NWI data, the unique hydrologic conditions that create this system  limits it to a much smaller set of examples than could be determined from the NWI data. Thus we opted to use the Natural Heritage program ground inventory data (120 Natural Community Element Occurrences) exclusively  to locate and assess examples this diverse ecosystem.

Selection Criteria
Qualifying occurrences were required to meet the following criteria

· Size: any

· Landscape context: LCI below 60 or between 60-90 with other confirmation

· Condition: A, B, or C ranking of a confirmed ground survey occurrence.

· Co-occurrence: All other criterion being equal priority was given to examples in a  Matrix block/CUB or secured on GAP 1,2 land.

Goals and Results 

As this was a restricted ecosystem we set a minimum goal of 20 per subsection that contain this system (6 x 20 = 120). We did not know exactly how many ponds existed per subsection, thus we could only approximate the redistributed goal in proportion to amount of known occurrences reported from each subsection (Table 25). In general we surpassed this goal for the ecoregion locating 172 qualifying occurrences. These were distributed in rough proportion across subsections with no deficits and with surpluses ranging from 0 to 42 (Table 25).  
I. Coastal Stream Systems in the North Atlantic Coast Ecoregion
This plan addresses small coastal streams and tidal creeks entirely within the North Atlantic Coast ecoregion. For information on the larger stream and river portfolio within the North Atlantic Coast, please see the Lower New England Ecoregional Plan 2003 as the larger streams were assessed as part of watershed systems which crossed both LNE and NAC before reaching the coast.      
Team Leader:  Arlene Olivero

TNC Reviewers:  Mark Carabetta-CTFO; Andrew Manus-DEFO; Alison Bowden-MAFO; Nancy Sferra-MEFO; Doug Bechtel-NHFO; Jay Odell-NHFO; Marianna Upmeyer-NJFO; Marilyn Jordan – NYFO-LI; Becky Shirer-NYFO-ENY; Julie Lundgren-RIFO

Overview

Target Name: Coastal Size 1 Stream System


Variants: Coastal Tidal Stream (or Tidal Creek), Coastal Non-tidal Stream

Target Definition: System of connected size 1 (0-30 sq.mi. drainage area) streams that empty directly to the ocean or the tidal section of a river/ river estuary.  

Coastal streams and creeks are widespread and abundant ecosystems in the North Atlantic Coast Ecoregion (NAC).  They are defined as continuously flooded systems of small streams that drain directly to the ocean or a large tidal river estuary.  Most examples are tidal at the lower reach, typically entering into brackish and/or salt marsh ecosystems (the coastal tidal stream type). The upper sections beyond the influence of tidal action, exhibit freshwater ecosystems (the coastal non-tidal stream type).  Less commonly, a coastal stream flows directly into the bay or ocean at a higher gradient, so as to have little or no tidal influence at the mouth of the stream.

Coastal streams support a rich diversity of plant and animals, serve as the primary nursery area for many fishes and represent a uniquely integrated ecosystem continuum connecting upland habitats to the ocean.  Although their ecological importance has historically been undervalued, recent research is showing these small systems have distinctly diverse hydrological, watershed, and biotic characteristics and that their collective influence on the estuarine ecosystem function may equal or exceed that of larger river dominated estuaries in certain geographies (Mallin 2004).  

Review was specifically focused on those streams and tidal creeks connecting directly downstream to the ocean, rather than to a larger tidal river, because these systems were not nested within a larger watershed that would have received review during the previous stream portfolio assessment of the Lower New England region.  
Characteristics

Salinity: In the tidal creek reaches, the water level fluctuates with the tides and salinity ranges between 0.5 and 30 ppt. Although salinity will vary with the tides, in general tidal creeks can be divided into those that are dominantly high-saline (polyhaline to marine), moderate-salinity (mesohaline to polyhaline) or low-salinity (fresh to oligohaline) systems.  High saline creeks have strong tidal influence throughout and are characterized by salt marsh vegetation throughout.  Moderate-salinity creeks are also strongly tidally influenced, but drain larger continental upland areas and their streamside vegetation ranges from wooded uplands in the headwaters to salt marsh vegetation in the lower reaches. Low salinity coastal creek/stream systems are less strongly influenced by tides, have wooded headwaters and the lower reaches may be vegetated by oligohaline marsh or riparian swamp forest.

Acidity:  Water chemistry in the upper freshwater stream sections can vary from calcareous to acidic due to the influence of local geology, although calcareous tidal creeks are extremely rare in the North Atlantic Coast region.  The pH of seawater in the tidally influenced zone is generally slightly basic. 
Depth: The depth of tidal creeks rarely exceeds 3m at high tide. Although some tidal creeks may drain completely at low tide, others will contain a few centimeters to a third of a meter or more of water, even at low tide. The smaller creeks that stop flowing at low tide (discontinuous) tend to have higher nutrient and particulate concentrations than deeper, more continuous creeks. It is suggested that these discontinuous creeks act to trap nutrients and particulates in the ebbing tide and return them to the marsh surface which acts to accelerate the development of the marsh in their vicinity.  The non-tidal reaches vary considerably in depth, often with scattered deep pools.
Substrate/Form: Most tidal creeks have moderately firm, sandy, channel bottom and banks that are exposed at low tide. Although the vertical banks of the creek are regularly eroded and slump into the creek bottom, the position of the creek bed in the marsh is fairly stable and oxbows are rare. The sinuous meanders of tidal creeks are not formed by recent erosion of the marsh, rather they are thought to be relicts of the drainage channels that were active in the tidal flats when the salt marsh grasses first became established.  Some tidal creeks are associated with broad intertidal sand or mud flats instead of marsh in the lower reaches.  The non-tidal reaches also have relatively stable channels, but may run through sand, gravel, or fine sediments.

Biodiversity

The salinity zonation in tidal creeks and adjacent waters leads to the creation of vegetative ecotones such as Spartina dominated salt marshes which blend into rush (Juncus and Scirpus spp.) dominated fresh and brackish marshes. The lower tidally influenced sections of coastal tidal streams are utilized as nursery areas, refuges, and important food sources for a variety of crabs, fish, and other coastal/marine animals.  Characteristic plants in the tidal section include widgeon-grass (Ruppia maritime) and several cyanobacteria including Hydrocoleum lyngbaceum, Anabaena torulosa, and Agmenellum quadruplicatum.  The most abundant fishes of tidal creeks are the Common Mummichog, Striped Killifish, the Sheepshead Minnow and the Atlantic Silverside.  Several fishes that are resident in tidal creeks at low tide also use the low salt marsh when it is flooded by high tide.  Fishes that have this distribution pattern include Atlantic Silverside, Mummichog, Sheepshead Minnow, Fourspine Stickleback, Threespine Stickleback, and American Eel.  Young-of-the-year Winter Flounder may also be found in tidal creeks. Higher salinity creeks often contain productive shellfish beds.
Biota in the freshwater sections of coastal streams represent common freshwater communities found in other small freshwater streams of similar size, gradient, and chemistry in the coastal region.  A key distinction is found between the medium-high gradient streams and low gradient streams. For example, in higher gradient tributaries, the higher dissolved oxygen levels, more abundant riffle habitat, and gravel substrates support brook trout, brook-trout slimy sculpin fish communities.  At lower gradients the poorer aeration, fine mucky substrate, and low velocity lead to communities instead dominated more by Fallfish, Longnose Dace, Creek Chub, Longnose and White Sucker, Common Shiner, Fathead and Bluntnose Minnow.  Brook lamprey appear to be indicators of very high quality waters in coastal stream systems in Massachusetts. Sea-run brook trout are also found in some coastal streams and are thought to indicate high integrity systems. Diadromous fish that utilize the tidal and non-tidal reaches of coastal size 1 ecosystems include Alewife, American Shad, Rainbow Smelt, Blueback Herring, and American Eel.  
Target Mapping
Size 1 rivers (< 30 sq.mi. drainage area) and their watersheds were mapped using 1:100,000k EPA Rf3 stream reach data and USGS National Elevation Dataset Digital Elevation Model (Anderson and Olivero 2003).  The tidally influenced elevation zone in the North Atlantic Coast includes areas of < 20 ft. (Anderson and Ferree, 2004) and stream systems intersecting this zone were automatically included in the tidal-creek analysis. Additional small coastal streams that were too small to meet the 1:100,000 scale minimum mapping unit resolution in the EPA Rf3 100,000k stream layer were added to the NAC coastal size 1 stream dataset on a case by case basis after state level expert review and portfolio recommendation.  

Target Stratification 

Tidal streams were stratified into nine different types based on salinity on watershed size (Table 26).  Additional geographic stratification for goals occurred using Ecological Drainage Unit watershed groups according to standard freshwater ecoregional planning (Anderson and Olivero, 2003).   Details on this process are found in the Appendices.  The most common of the nine primary types were the small (< 2 sq.mi.) >75% tidally influenced systems, making up 33% of all tidal creek watersheds and 40% of all tidal creeks directly connected to the ocean.  The second most common type was the medium 2<10 sq.mi. > 75% tidally influenced system for watershed directly connected to the ocean.  The size 1 coastal-tidal watershed type differed between the total set and the set directly connected to the ocean. This difference reflected the stronger tidal influence on the examples directly connected to the ocean. The second most common type in the non-direct to ocean set (e.g. those that connect directly downstream to large tidal river mainstems) was the small < 2 sq.mi. < 25% tidal watersheds. 

Although the number of small <2 sq.mi. watershed occurrences was high (924, 55% of all watershed occurrences), considering the total area covered by all coastal-tidal size 1 watersheds, the less common larger size 1 watershed occurrences account for the majority of the aerial coverage of the coastal-tidal size 1 creek system watershed ecosystem type (Table 25). 

Table 25. Nine Primary Size 1 Coastal-Tidal Watershed Types, Based on Salinity Class and Watershed Class
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Target Viability 

Ecological Integrity (or viability) was based on Key Ecological Attributes (KEAs) that sustain the conservation target and maintain its composition, structure, and function. Key ecological attributes for coastal size 1 systems included measures of hydrologic regime, water chemistry, watershed % natural cover, stream buffer % natural cover, in-stream connectivity, connectivity to upland habitat, invertebrate community structure, vertebrate community structure, and plant community structure.  There were also related attributes of the integral riparian wetlands and salt marsh communities that these systems are linked to.  Although an effort was made by the team to define indicators for each key attribute (see Appendices), comprehensive data on all key attributes was not available across the region for the size 1 coastal streams.  The condition and viability assessment thus relied on a 1) GIS data analysis of proxy variables related to key attributes which could be mapped and assessed across all occurrences and 2) an expert interview process to validate and gather additional information.  

Screening Criteria
An initial GIS based Condition Screening evaluated each watershed in terms of: 
· Land Use/Impervious surface impacts; 

· Connectivity/Dam Impacts; 

· Point Source Impact.  
Data including watershed and riparian land cover, conservation lands, dams, road crossings, and rare species were analyzed to rank each watershed on each of the above relatively uncorrelated primary axes.  Additional variables were also calculated to highlight watersheds meeting special criteria such as presence of rare species, large amount of managed areas, or connected to the existing riverine portfolio.  
The data on land use rank, connectivity rank, point source rank, and special qualifier were used to assign an estimated portfolio class of “Yes” (Y), “Maybe” (MY), or “No” (N) to each watershed.  TNC state scientists used expert interviews in their state to gather additional information, not represented in this GIS analysis, to verify initial portfolio recommendations.  See Appendices for a more detailed summary of the condition analysis.
Portfolio Assembly and Results

During the multi-state portfolio assembly meeting, team members reviewed their recommended portfolio examples and made final decisions regarding examples to be coded definitely “Yes” for inclusion in the portfolio.   The spatial distribution of the preliminary “Yes” and “Maybe examples” was reviewed on large scale maps and additional information on the overlap of the size 1 examples with other portfolio recommended  species and ecosystems in NAC (salt marshes, beaches, wetlands, forest patches, species elements etc.) was available.  Final portfolio decisions were guided by the goal to select the most viable watershed examples in a spatial configuration that met spatial distribution goals for representation of the types across ecological drainage units.  During portfolio assembly we also made an effort to represent size 1 directly ocean connected types across the coastal patterns of large bays, small bays, lack of bays/strait shore, and salt-ponds into which size 1 rivers empty along the coast.  This sub-type of direct ocean connectivity had not previously been assessed.  

The resultant final 349 watersheds selected for the portfolio represented 21% of all watersheds and 25% of all direct-to-ocean connected examples (Table 26).  The 349 watersheds represented more than 10% of each of the 9 types and represented more than 20% of examples in 5 of the 9 types.  We set a goal for representing size 1 coastal-tidal watershed occurrences at a minimum of 180 occurrences (20 occurrences x 9 types, with distribution of the total 180 to reflect proportion of total population in that type).  Review of the selected watersheds indicated that the number of “Yes” occurrences exceeded the numeric goal for all nine types when considering the set of size 1 coastal-tidal watersheds across the ecoregion (Table 27).  The direct-to-ocean examples made up a high percentage of the portfolio occurrences, with the ocean portfolio examples alone exceeding the ecoregional goal by type for 5 of the 9 types.  

Table 26. NAC Ecoregion Goal Summary. “Y” indicates a critical stream selected for the portfolio
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When the 180 occurrence numeric goal was distributed proportionally across EDU and by the 9 types within EDU, distribution goals were met in all EDUs except for the Lower Delaware and Delaware Bay Coastal EDU (Table 26). In states where distribution goals were exceeded, portfolio occurrences may be further prioritized by the state chapters.   Please see Appendices for the detailed EDU distributions and side panels next to each EDU table explaining the results in that EDU.  
Condition and Conservation Status of the Portfolio

Assessment of the current condition and conservation status of the portfolio reveals the portfolio tidal creeks suffer from the impacts of human activities.  Dam and road/stream crossing fragmentation is pervasive with 74% of portfolio occurrences having a dam or road crossing within the tidal section of the watershed and 81% having a dam or road crossing within the watershed.   Although NAC is a very developed ecoregion, the watershed and buffer land use within portfolio watersheds appears within the top two land use ranking categories in 68% of portfolio examples. 32% of watersheds have more severe impacts from impervious surfaces, agriculture, or riparian buffer conversion and 32% of portfolio size 1 coastal watersheds also have mapped point sources within their watershed.  Conservation status within the portfolio watersheds ranges from 0-100%, with 17% of portfolio watersheds having 50%+ or more of the watershed in conservation land status and 47% of portfolio watersheds having very little or <10% conservation land.  Please see Appendices for more information and graphs detailing the distributions of the above variables across the portfolio by stratification type and EDU.
III. Species Targets in the North Atlantic Coast Ecoregion
Definitions and Planning Methods

Species Targets In Ecoregional Planning

Species targets consist of a heterogeneous set of species warranting priority conservation action in the ecoregion.  Typically they cross many taxonomic lines (mammals, birds, fish, mussels, insects and plants), but each species exhibits one or more of the following distribution and abundance patterns:

· Globally rare, with fewer than 100 known populations (G1-G3)
.
· Endemic to the ecoregion.
· Currently in demonstrable decline.
· Extremely wide ranging individuals, thus requiring conservation of habitat at larger scales.
· Designated as threatened or endangered by federal or state authorities.

Primary Species Targets:  A subset of the above species is defined as primary species targets. The implication of a species being identified as a Primary Target is that its conservation needs to be addressed explicitly in the ecoregional plan because its habitat requirements are unlikely to be adequately addressed via the coarse filter approach of conservation of representative ecosystems. This means that for each primary target the science team:  1) sets a quantitative goal for the estimated number and distribution of local populations necessary to conserve the species, 2) compiles information on the location and characteristics of known populations/habitats in the ecoregion, and 3) assesses the viability of each local population with respect to its size, condition, landscape context and ultimately its probability of persistence over the next century.  This information is used to select specific sites for conservation for that species.

Viable examples of local populations (“occurrences”) are spatially mapped and their locations given informal “survey site” names.  The number and distribution of viable occurrences are evaluated relative to the conservation goals to identify portfolio candidates, inventory needs and information gaps for remediation.  Ultimately each viable population occurrence and its survey site will require a local and more extensive conservation plan to develop a strategy for long term protection of that population at that location. 

Secondary Species Targets:  A second set of species, termed Secondary Targets, is also identified from the species pool and, in some cases, additional species viewed as vulnerable based on the life history, distribution and demographics of the species are added to the pool.  Secondary targets are species of conservation concern in the ecoregion due to many of the same reasons as the primary targets except that either there are no clear locations that can be identified where their habitat can or must be conserved, or we have reasonable confidence that they can be conserved through the “coarse-filter” conservation of ecosystems.
The compiled list of secondary targets is used in three ways to inform the ecoregional plan/conservation blueprint.  First, habitat needs of secondary target species are used in developing viability criteria and number and distribution goals for the ecosystem targets.  Second, known occurrences of secondary targets are used to guide selection of which examples of ecosystems are chosen for the portfolio and prioritized for conservation action.  Third, the secondary target species are used to highlight information gaps and conservation concerns that may not be addressed by traditional land conservation.

Developing The Target List 

Development of the primary and secondary target species lists began with a compilation of all species occurring in the ecoregion that exhibited the characteristics mentioned above.  The initial list was compiled from state conservation databases, Partners-in-Flight and American Bird Conservation lists for corresponding ecoregions, literature sources and solicited expert opinion.   The database searches began with all species occurring in the ecoregion for which there are fewer than 100 known populations anywhere (G1-G3G4 and T1-T3).  Common species (G4, G5) were nominated for discussion by each of the state programs and by other experts based on considerations of their vulnerable status within the ecoregion with particular attention paid to vulnerable disjunct populations and to wide-ranging species.

The exhaustive initial list was whittled down to a smaller final set through input from technical teams of scientists familiar with the species in the ecoregion.  The results were then compiled to create the final species target list.  The justifications for including each target species is archived in ecoregional databases.

Primary vs. Secondary Targets

No single defining factor guaranteed that a species would be confirmed as a primary target. Thoughtful consideration was given to each species’ range-wide distribution, the reasons for its rarity, the severity of its decline both locally and globally, its relationships to identifiable habitats and the importance of the ecoregion to its conservation.  As the list was refined, species were eliminated for different reasons.  Some were removed because of questions about the taxonomic status of the species, others because they were considered to be more common throughout their range than reflected in the current global rank; the global ranks for the latter species need to be updated.  Some were moved from primary to secondary because it was felt they would be adequately addressed through a careful coarse filter approach.  Among species for which distribution information was considered to be inadequate, several were retained on a potential target list for future consideration.  However, at a minimum, any species considered globally endangered at either the species or subspecies level (G1-2 or T1-2) or legally protected as endangered at the national level were kept as primary target species.

Setting Minimum Conservation Goals For Species Targets

The minimum conservation goal for a primary target species in an ecoregional plan is defined conceptually as the minimum number and spatial distribution of viable local populations required for the persistence of the species in the ecoregion over one century.  Ideally, conservation goals should be determined based on the ecology and life history characteristics of each species using a population viability analysis.
Because it was not possible to conduct such assessments for each species during the time allotted for the planning process, generic minimum goals were established for groups of species based on their distribution and life history characteristics.  These minimum goals were intended to provide guidance for conservation activity over the next few decades.  They should serve as benchmarks of conservation progress until more accurate goals can be developed for each target.  The generic goals were not intended to replace more comprehensive species recovery plans.  On the contrary, species that do not meet the ecoregional minimum goals should be prioritized for receiving a full recovery plan including an exhaustive inventory if such does not already exist.

Quantitative Global Minimums

Our conservation goals had two components: numeric and distributional.  The numeric goal assumed that a global minimum number of at least 20 local populations over all ecoregions were necessary to insure the persistence of at least one of those populations over a century (see Cox et al. 1994, Anderson 1999, Quinn and Hastings 1987 and reliability theory for details).  This number is intended to serve as an initial minimum, not a true estimate of the number of local populations need for multi-century survival of the species.  Subsequently, the number 20 was adjusted for the ecoregion of focus based on the relative percentage of the total population occurring in the ecoregion, the pattern of the species distribution within the ecoregion and the global rarity of each species (Table 1).  When the range of a rare species extended across more than one ecoregion, the assumption was made that the species would be included in the protection plans of multiple ecoregions.  Such species may require fewer protected examples within the ecoregion of focus relative to a species whose ranges is contained entirely within the ecoregion.

To highlight the importance of the ecoregion to the species, each primary target species was assigned to one of four rangewide distribution categories – Restricted, Limited, Widespread, Peripheral – all measured relative to the ecoregion (Table 1).  Assignments were made by the species technical teams using distribution information available from NatureServe, the Heritage Programs, and from other sources available at the Eastern Conservation Science (ECS) center.  In general, for species with a “restricted” distribution, the ecoregional goal was equal to the global minimum and set at 20; for species with a “limited” distribution, the ecoregional goal was set at 10. For species with “widespread” or “peripheral/disjunct” distributions, the goal was set at 5 for the entire ecoregion.  This default algorithm was followed most loosely for plants somewhat less so for animals.  In practice, for most of the primary target animals there were many fewer known occurrences than the minimum goal.
Table 1. Conservation goals based on distribution categories and global rarity rank (GRank).  Numbers refer to the minimum number of viable populations targeted for protection.  

	CATEGORY
	DEFINITION
	G1
	G2
	G3-G5

	Restricted
	Occurs in only one ecoregion
	20
	20
	20

	Limited
	Occurs in the ecoregion and in one other or only a few adjacent ecoregions
	10
	10
	10

	Widespread
	Widely distributed in more than three ecoregions
	5
	5
	5

	Peripheral or Disjunct
	More commonly found in other ecoregions
	5
	5
	5


Distribution And Stratification Goals

The distribution component of the conservation goal, referred to as the stratification goal, was intended to insure that independent populations will be conserved across ecoregional gradients reflecting variation in climate, soils, bedrock geology, vegetation zones and landform settings under which the species occurs.  In most cases the distribution criteria required that there be at least one viable population conserved in each subregion of the ecoregion where the species occurred historically, i.e. where there is or has been habitat for the species.  The conservation goal is met for a species when both the numerical and stratification standards are met.

In addition to the scientific assumptions used in setting conservation goals, the goals contain institutional assumptions that will require future assessment as well.  For example, the goals assume that targeted species in one ecoregion are targeted species in all ecoregions in which they occur.  That is likely the case for rare (G1-G3) species, but not a certainty for more common (G4, G5) species.  After the completion of the full set of first or second iteration ecoregional plans, species target goals should be assessed, reevaluated and adjusted.  Rangewide planning should eventually be undertaken for all targets.
Assessing The Viability of Local Populations

The conservation goals discussed above incorporate assumptions about the viability of the species across the ecoregion.  The goals assume that local populations unlikely to persist over time have been screened out by an analysis of local viability factors.  This section describes how the planning teams evaluated the viability of each local population or “occurrence” at a given location.

Merely defining an occurrence of a local population can be challenging.  The factors that constitute an occurrence of a species population may be quite different between species of differing biology and life histories.  Some are stationary and long lived (e.g. woody plants), others are mobile and short lived (e.g. migrating insects), and innumerable permutations appear in between.  Irrevocable life history differences between species partially account for the critical importance of the coarse-filter strategy of ecosystem and habitat conservation.  Nevertheless, for most rare species the factors that define a population or an occurrence of a population have been thought through and are well documented in the state Natural Heritage databases.  The criteria take into account metapopulation structure for some species, while for others they are based more on the number of reproducing individuals.  Whenever it was available we adopted the Heritage specifications, termed “element occurrence specifications” or EO specs for short (where element refers to any element of biodiversity) 
.

Whenever possible, the local populations of each species selected for a conservation portfolio should exhibit the ability to persist over time under present conditions.  In general, this means that the observed population is in good condition and has sufficient size and resilience to survive occasional natural and human stresses.  Prior to examining each occurrence, we developed an estimate of potential viability through a succinct assessment of a population’s size, condition, and landscape context.  These three characteristics have been recorded for most occurrences by Natural Heritage programs that have also developed separate criteria for evaluating each attribute relative to the species of concern.  This information is termed “element occurrence ranking specifications” and these “EO rank specs” served as our primary source of information on these issues.

As the name implies, element occurrence ranking specifications were not originally conceived to be an estimate of the absolute viability of a local population, but rather a prioritization tool that ranked one occurrence relative to another.  Recently, however, the specifications have been revised in concept to be a reasonable estimate of occurrence viability.  Unfortunately, revising the information for each species is a slow process and must be followed by a reevaluation of each occurrence relative to the new scale.  Fortunately, the catalog records for each population occurrence tracked in the Heritage database usually contain sufficient information on its size, condition and landscape context that a generic estimate of occurrence viability may be ascertained from the database records.

The synthesized priority ranks (EO rank) currently assigned by the state Heritage Program staff reflected evaluations conducted using standard field forms and ranking criteria that were in use at the time that the occurrence was first documented by a field biologist.  These ranks, while informative, were somewhat variable for similar occurrences across state lines.  In fact, very few EO ranks were available except for plant and natural community EOs.  Thus, for viability estimation the EO rank was supplemented by the raw tabular information on size, condition and landscape context and as often as possible by the knowledge of biologists familiar with the taxon and the locations.  Additionally, information on each EO was further augmented with a spatial GIS assessment of the land cover classes and road densities located in a 1,000 acre proximity of the occurrence’s central point.  The latter served as an objective measure of landscape context.

All known occurrences for each primary target species were assembled at ECS from the state Heritage Programs through data sharing agreements.  The occurrences were sorted by species, and spreadsheets for the species targets were prepared for group discussion, using the information described above.  Further data included: a unique occurrence identification number, the species name, global rank, site name, and date of last observation.  Tables of all occurrences were provided to each technical team member along with ecoregional distribution maps of the occurrences.  Final decisions on the estimated viability of each local population was provided by the technical team and reviewed by the appropriate state, provincial and divisional scientists.

Species Results

Each taxonomic group has been reviewed by external experts coordinated by the taxonomic group team leader. 

MAMMALS

Team Leaders: Bob Allen and Mariana Upmeyer (New Jersey)
Reviewer: John Litvaitis (UNH)  

Portfolio results for Mammals:  Two mammal species, the Delmarva fox squirrel (Sciurus niger cinereus) and New England cottontail (Sylvilagus transitionalis), were identified as a primary targets (Table 2).  One species was identified as a secondary target.  Although the fox squirrel is ranked as G5, this subspecies is ranked T3 and is listed as Federally Endangered.  There are thought to be about 21 to 80 element occurrences within Virginia and Maryland.  There is currently only one population within NAC.  This population was reintroduced into Sussex County, Delaware and is considered a “nonessential experimental population” (NatureServe).  Thus, the Delmarva fox squirrel’s ranking within the North Atlantic Coast ecoregion is XN.  We developed no screening criteria and set no goals for this species.  

Although the New England cottontail is found at several locations within NAC in Maine, we currently don’t have occurrence data that will allow us to develop screening criteria or set goals.
Table 2: Mammal primary target species within the North Atlantic Coast Ecoregion.
	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Peripheral
	Sciurus niger cinereus
	Delmarva Fox Squirrel
	G5/T3
	Nonessential experimental population in NAC

	Peripheral
	Sylvilagus transitionalis
	New England Cottontail
	G4
	Declining due to loss of early successional habitat and competition with Eastern Cottontail


HERPTILES

Team Leader:  Mark Carabetta (Connecticut)

Reviewers:  Dawn McKay and Karen Zyko (CT NDDB); Karen Lombard and Alison Bowden (MA TNC); Lloyd Gamble and Paul R. Sievert (UMASS); Bob Allen, Mike Dunphy and Mariana Upmeyer (NJ TNC); Dave Golden (NJ Fish & Wildlife); Nancy Sferra (ME TNC) and Phillip deMaynadier (ME Inland Fisheries & Wildlife); Doug Bechtel (NH TNC); John Kanter, Mike Marchand and Jim Oehler (NH Fish & Game); Pam Hunt (NH Audubon); Julie Lundgren (RI TNC); Marilyn Jordan (NY TNC); Paul Novak (NY Heritage); Susi VonOettingen (USFWS); and the CT DEP Scientific Advisory Committee.

Portfolio Results for Reptiles and Amphibians:  A total of three reptile species were selected as primary targets (Table 3).  The bog turtle (Glyptemys muhlenbergii) is ranked as G3, is declining, and is listed as Federally Threatened.  The Blanding’s turtle (Emys blandingii) is ranked G4 and is declining.  The timber rattlesnake (Crotalus horridus) is ranked G4, but has been extirpated from much of the ecoregion.  Where it is still found, populations are declining. 
Seventeen reptile and amphibian (collectively referred to as herptile) species were selected as secondary targets.  For each secondary species, a habitat description was developed, which can be linked to the ecosystem targets in this plan. 

Table 3: Herptile primary target species within the North Atlantic Coast Ecoregion.

	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Peripheral
	Glyptemys muhlenbergii
	Bog Turtle
	G3
	Declining 

	Peripheral
	Emys

blandingii
	Blanding’s Turtle
	G4
	Declining

	Peripheral
	Crotalus horridus
	Timber Rattlesnake
	G4
	Extirpated in much of ecoregion and declining in remainder


Viability Screening

Viability screening was done for primary herptile species only.  Initial viability scores of Y (viable), M (maybe viable), N (not viable), and ? (additional data required) were assigned based on information from Heritage Programs BCD/Biotic databases, interviews with heritage staff and other experts, and landscape context scores generated by TNC.  The following criteria were used:

Y = Yes:  Element occurrences met the criteria of “viable” by having EO ranks of A or B, as well as multiple (>10) individuals in a population combined with a decent (<50) landscape context score.  If an EO is clearly viable based on the number of individuals, less consideration was given to the landscape context score.  Likewise, EOs of less than 10 individuals would be considered viable if the landscape context score was very good.  Expert input was sometimes used as justification for overriding the viability information in the database.

M = Maybe:  Assigned to EOs that had a rounded EO rank of A or B and was right on the threshold of 10 individuals and landscape context score of 50, or had other uncertain information that required review by experts to decide whether the population was viable.

N = No:  Did not meet the threshold of 10 individuals or landscape context score of 50.  Usually had an EO rank of C, D, E, etc., was noted as Historic or Extirpated in the Heritage information, or landscape context score was >50.  Expert input was sometimes used as justification for overriding the viability information in the database.
? = Additional data required: due to an absence of Heritage information, lack of expert input, and/or lack of a landscape context score, no viability score was assigned to this occurrence.
Setting Goals and Results
The bog turtle has a discontinuous, spotty distribution.  Its distribution category in the NAC ecoregion is “peripheral or disjunct” because it is more commonly found in the LNE ecoregion.  The distribution of the Blanding’s turtle is centered in the Great Lakes region and its distribution category in the NAC ecoregion is “peripheral or disjunct.”  Because of the designation of both the bog turtle and the Blanding’s turtle as “peripheral or disjunct” in the NAC ecoregion, a numeric conservation goal of five occurrences is set for both of these species (Table 4).  

For the bog turtle, a total of four viable populations were identified in NAC within two NAC subregions.  This total is one short of the numeric goal for this species.  It is recommended that more inventory be conducted to locate additional occurrences of viable bog turtle populations.    Based on a review of the distribution of all (viable and non-viable) bog turtle occurrences in the records, it was determined that the four viable occurrences meet the distribution goal for this species (Table 4).

For the Blanding’s turtle, 15 viable populations were identified in NAC, which surpasses the numeric goal for this species.  These 15 viable populations occur within two NAC subregions.  Based on a review of the distribution of all Blanding’s turtle occurrences, it was determined that the 15 viable occurrences meet the distribution goal for this species (Table 4).

Occurrence data for timber rattlesnake is confidential in most states and was not available for NAC planning purposes. For that reason, no screening criteria or goals were set for this species.

Table 4:  Numeric and distribution goals (with percentages) for Blanding’s turtle and bog turtle in the NAC Ecoregion.  In the first column, the number in parentheses reflects how many viable populations for each species are required to meet the numeric goal.  To meet the distribution goal, there must be at least one viable population of each target species in each sub-region where it occurs.  Because goals were not set for timber rattlesnake, they are excluded from this table.

	Target Distribution in Ecoregion (#)
	# of Primary Targets
	# of Primary Targets that met numeric Goals (%)
	# of Primary Targets that met Distribution Goals (%)

	Widespread (5)
	0
	NA
	NA

	Limited (10)
	0
	 NA
	 NA

	Restricted (20)
	0
	 NA
	 NA

	Peripheral/Disjunct (5)
	2
	1 (50)
	2 (100)

	Total (5)
	2
	1 (50)
	2 (100)


BIRDS

Team Leaders: Bob Allen (New Jersey), Nancy Sferra (Maine)

Reviewers: Nancy Sferra (ME TNC), Lindsay Tudor, Brad Allen, and Tom Hodgman (ME Inland Fisheries and Wildlife), Peter Vickery (Center for Ecol. Res.), Doug Bechtel (NH TNC), Karen Lombard (MA TNC), Tom Maloney (MA TNC), Julie Lungren (RI TNC), Mark Carabetta (CT TNC), Dawn McKay (CT NDDB), Paul Buckley (URI), Marilyn Jordan (NY TNC), Joe Jannsen (NY TNC), Tara Seoane (NY Natural Heritage), Paul Novak (NY Natural Heritage), Mike Scheibel (NY TNC), and Mike Bisignano (NJ TNC).  

Portfolio Results For Birds:  A total of eight bird species were selected as primary targets (Table 5).  Migratory Red Knot (Calidris canutus) is ranked as G5 but is declining rapidly in eastern North America.  Piping Plover (Charadrius melodus), ranked G3, is stable or declining depending on location and is Federally Threatened.  Least Tern (Sterna albifrons) is ranked G4 and has declined in the eastern United States.  Harlequin Duck (Histrionicus histrionicus) is ranked G4; the Atlantic wintering population has declined from about 10,000 individuals to about 1,500, and the species is listed as endangered in Canada (this species should be evaluated in conjunction with efforts in the adjacent Northern Appalachian/Acadian ecoregion).  Upland Sandpiper (Bartramia longicauda) is ranked G5, has declined across its range, and has declined dramatically over the past fifty years in the northeastern United States.  Roseate Tern (Sterna dougallii) is ranked G4, is stable or declining depending on location, and is listed Federally Endangered.  Black Rail (Laterallus jamaicensis) is ranked G4 and is generally thought to be declining, though trend data is lacking.  We considered Saltmarsh Sharp-tailed Sparrow (Ammodramus caudacutus) a primary species only north of Boston, where the sparrows are uncommon.  We considered Saltmarsh Sharp-tailed Sparrow south of Boston a secondary species because they are common to abundant in their preferred salt marsh habitat.  The Saltmarsh Sharp-tailed Sparrow is ranked G4 and is thought to be stable or declining depending on location (though trend data is generally lacking).  

A total of 25 bird species were selected as secondary targets.  Habitat types mapped as part of this plan were identified for each species.

Table 5: Bird primary target species within the North Atlantic Coast Ecoregion.

	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Peripheral
	Calidris canutus
	Red Knot
	G5
	Migratory population dependent on horseshoe crab eggs

	Widespread
	Charadrius melodus
	Piping Plover
	G3
	Declining due to disturbance of nests, loss of habitat; Federally Threatened

	Limited
	Sterna albifrons
	Least Tern
	G4
	Declining due to predation and disturbance

	Limited
	Sterna dougallii
	Roseate Tern
	G4
	Declining due to habitat loss, competition with gulls; Federally Endangered

	Peripheral
	Histrionicus histrionicus
	Harlequin Duck
	G4
	Wintering population mostly off the coast of Maine

	Widespread
	Bartramia longicauda
	Upland Sandpiper
	G5
	Declining due to loss of nesting habitat

	Widespread
	Laterallus jamaicensis
	Black Rail
	G4
	Declining due to loss of habitat and hydrologic alterations

	Limited
	Ammodramus caudacutus
	Saltmarsh Sharp-tailed Sparrow
	G4
	Populations north of Boston only


Viability Screening

Viability screening was done for primary bird species only.  In one case (Black Rail), insufficient information was available to screen occurrences.  Initial viability scores of Y (viable), M (may be viable), and N (not viable) were assigned based on information from Heritage programs, state agencies, federal agencies, bird conservation partnerships, nonprofit organizations, and interviews with heritage staff and other experts.  The following criteria were used:
Screening Criteria for Piping Plovers

1. Y = Yes:  Piping Plover pairs were greater than 4 during the most recent year for which we have data OR were greater than 4 at any point during the past 5 years and the population continues to be more than 3 pairs.

2. M = Maybe:  3-4 Piping Plover pairs OR were greater than 2 pairs at any point during the past 5 years and the population continues to persist.

3. N = No:  2 or fewer pairs in all recorded years.

Screening Criteria for Red Knots 
1. Y = Yes:  Beaches where more than 500 Red Knots have been recorded in one day, Red Knot use has been consistent over the past 10 years, beach is relatively protected from human disturbance.

2. M = Maybe:  Beaches where more than 500 Red Knots have been recorded in one day, Red Knot use has been inconsistent over the past 10 years, beach may be impacted by human disturbance.

3. N = No:  Beaches where fewer than 500 Red Knots have been recorded in one day, Red Knot use has been very inconsistent over the past 10 years, beach is heavily impacted by human disturbance.

Screening Criteria for Upland Sandpiper

1. Y = Yes:  Observation of five or more breeding pairs with occupied nests in appropriate habitat in most years. 

2. M = Maybe:  Observation of one or more breeding pairs with occupied nests in appropriate habitat in more than one year.

3. N = No:  Observation of one or more breeding pairs with unconfirmed nests in appropriate habitat in one year.

Screening Criteria for Roseate Tern

1. Y = Yes:  Colonies of greater than 100 pairs.

2. M = Maybe:  More than 10 pairs and reports are dated (earlier than 1960).  Most should not be included because they are no longer viable sites, but this needs to be confirmed.

3. N = No:  Colonies of fewer than 10 pairs.

Screening Criteria for Least Tern

1. Y = Yes:  Observation of 50 or more breeding pairs with occupied nests in appropriate habitat in most years. 

2. M = Maybe:  Observation of 15-49 breeding pairs with occupied nests in appropriate habitat in more than one year.

3. N = No:  Observation of fewer than 15 breeding pairs with unconfirmed nests in appropriate habitat in one year.

Screening Criteria for Harlequin Duck

1. Y = Yes:  100+ birds using an area > 1 month yearly

2. M = Maybe:  25+ birds using an area > 1 week in most years

3. N = No:  Fewer than 25 birds using an area > 1 week in most years

Screening Criteria for Saltmarsh Sharp-tailed Sparrow and Black Rail

Saltmarsh Sharp-tailed Sparrows breed in coastal salt marshes and dense, wet meadows throughout the North Atlantic Coast ecoregion.  No states currently track these sparrows as element occurrences.  Although researchers have conducted several studies on this species, there has been no range-wide survey to determine breeding locations or population size.  Such a survey (for Seaside Sparrow as well) has been identified by both the BCR 30 partners and the Mid-Atlantic Partners in Flight plan as a major need and should be considered a high priority project for TNC as well.  Currently, within NAC, Saltmarsh Sharp-tailed Sparrows are known to breed from the Delaware Bay to coastal Maine as far north as South Thomaston.  The sparrows are common to abundant from Delaware to southern Massachusetts, but become less common north of Boston.  We only recorded known locations north of Boston. 

Black Rails nest in tidal marshes and freshwater wetlands.  The Birds of North America account (Eddleman et al. 1994) shows a range map that includes Delaware and New Jersey as breeding sites and local breeding sites as far north as southern Massachusetts.  There are 7 EOs in the spreadsheet - six from Connecticut and one record from New York that shows one calling male that has been present in June over the past 20 years.  Other sources report Black Rails in southern New Jersey along the Delaware Bay.  However, there are no population estimates and no defensible method for creating a screening criterion for Black Rails.  To address this information deficiency, a survey similar to that of the Saltmarsh Sharp-tailed Sparrow should be conducted to determine breeding areas and numbers.

Setting Goals and Results

Goals are summarized in Table 6.

Piping Plover has a widespread distribution.  A numeric goal of five viable occurrences is set for the Piping Plover in the NAC ecoregion.  Piping Plover meet the numeric and distribution goals of this plan.  Well-known breeding areas for Piping Plover are found along the beaches of Long Island, New York and Cape Cod, Massachusetts.

Least Tern has a widespread distribution.  A numeric goal of five viable occurrences is set for the Least Tern in the NAC ecoregion.  This species meets the numeric and distribution goals of this plan.  Similar in distribution to Piping Plovers, well-known breeding areas for Least Tern are found along the beaches of Long Island, New York and Cape Cod, Massachusetts.
Upland Sandpiper has a widespread distribution.  A numeric goal of five viable occurrences is set for the Upland Sandpiper in the NAC ecoregion.  This species meets the numeric and distribution goals of this plan.  Most viable occurrences of Upland Sandpiper in NAC occur on airports or military installations in Massachusetts.

Roseate Tern has a limited distribution.  A numeric goal of ten viable occurrences is set for the Roseate Tern in the NAC ecoregion.  This species meets numeric and distribution goals of this plan.  The largest breeding colonies are on small islands off the coast off Massachusetts and Long Island, New York.

Red Knots are only present as a migrating species in the NAC ecoregion.  Up to 80% of the population of subspecies rufa utilizes the beaches of the Delaware Bay as a critical stopover habitat during migration every spring.  Changes in the number of horseshoe crab eggs available on these beaches are likely to be the primary cause of the Red Knot’s rapid decline.  The typical distribution categories for ecoregional targets do not apply well to migrating species.  In this case, the stopover site provided at the Delaware Bay is of critical importance to the persistence of rufa and all identified stopover beaches within the Delaware Bay need to be protected.  In addition, there is a need to reduce disturbance to foraging birds and to increase the number of horseshoe crab eggs available for knot foraging.    

Harlequin Duck is a wintering species in the North Atlantic Coast ecoregion.  About half of the eastern population of Harlequin Ducks winters along the coast of Maine, especially in Penobscot and Jericho Bays and along the coast of York County.  Although the numeric and distribution goals are generally applied to breeding populations, it seems reasonable in this case to apply the same rules to a wintering species.  A numeric conservation of five viable occurrences is set for the Harlequin Duck in the NAC ecoregion.  Harlequin Duck meet the numeric and distribution goals of this plan.

Black Rail has a widespread distribution.  A numeric conservation of five viable occurrences is set for the Black Rail in the NAC ecoregion.  It is unknown whether Black Rail meets this criteria.

Saltmarsh Sharp-tailed Sparrow has a limited distribution, occurring only in NAC and south to Virginia.  Based on the sparrow’s distribution, we would typically set a numeric conservation of ten viable occurrences for the NAC ecoregion.  However, since we are considering the sparrow a primary species only north of Boston, it is likely more fitting to set a goal of five viable occurrences.  Saltmarsh Sharp-tailed Sparrow probably meet this criteria, but detailed population estimates in salt marshes in northern Massachusetts, New Hampshire, and Maine are not available except at a few well-documented sites.   
Table 6:  Numeric and distribution goals (with percentages) for bird target groups in NAC Ecoregion.  In the first column, the number in parentheses reflects how many viable populations for a given species are required to meet the numeric goal.  For example, a restricted species needs at least 20 viable populations in NAC to meet the numeric goal.  To meet the distribution goal, there must be at least one viable population of a target species in each sub-region where it occurs.
	Bird Primary Target Distribution in Ecoregion (#)
	# of Primary Targets
	# of Primary Targets that met numeric Goals (%)
	# of Primary Targets that met Distribution Goals (%)

	Widespread (5)
	4
	4 (100)
	4 (100)

	Limited (10)
	2
	2 (100)
	2 (100)

	Restricted (20)
	0
	 (N/A)
	 (N/A)

	Peripheral/Disjunct (5)
	2
	2 (100)
	2 (100)

	Total
	8
	8 (100)
	8 (100)


TERRESTRIAL INVERTEBRATES

Team leader:  Karen Lombard (Massachusetts)

Reviewers: Dale Schweitzer (NatureServe), Paul Novak (NY Natural Heritage), Tim Simmons (MA Heritage), Mike Nelson (MA Heritage), Philip DeMaynadier (ME Inland Fisheries & Wildlife), Marilyn Jordan (NY TNC), Nancy Sferra (ME TNC), Jeff Lougee (NH TNC) and Mark Carabetta (CT TNC).
Portfolio Results for Terrestrial Invertebrates:  The initial list of targets was created from combining the portfolio terrestrial invertebrate targets from earlier versions of the Lower New England and North Atlantic Coast Ecoregions plans.  This list was then sent to state experts for review.  The final list included 28 primary targets and 36 secondary targets for NAC (Table 7).  In general, taxonomy confirmations followed NatureServe except in cases where local experts confirmed uncertainties in classification.
Table 7: Numbers of terrestrial Invertebrate targets by species group, and type.

	
	North Atlantic Coast

	Species Group
	Primary
	Secondary

	Lepidoptera
	23
	35

	Tiger Beetles
	4
	1

	Burying Beetle
	1
	-

	    Totals
	28
	36


Primary target species (Table 8) occurrences were the focus of the viability screening. Information sources included Heritage occurrence records and expert review.  In most cases the data in the occurrence records was sparse, with virtually no information on habitat extent or quality, natural process condition such as fire, or threats such as deer or Compsilura concinnata, a parasitic fly introduced as a biocontrol agent on Lepidoptera.  We relied heavily on expert review of the occurrences to make the final decision.  Eleven species had no occurrences and only six species had more than ten occurrences when Heritage data from all NAC states were combined.

Table 8: Terrestrial primary target species within the North Atlantic Coast Ecoregion.

	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Restricted
	Agrotis buchholtzi
	Buchholz’s Dart Moth
	G2
	NJ pine barrens endemic

	Widespread
	Apodrepanulatrix liberia
	A geometer moth
	G4
	Only in NH in NAC, extirpated or never occurred in other states

	Widespread
	Atrytone arogos arogos
	Arogos Skipper
	G3G4T1
	All but one viable population in NAC

	Widespread
	Boloria selene myrina
	Myrina Fritillary
	G5T5
	Severe decline rangewide

	Widespread
	Callophrys irus
	Frosted Elfin
	G3
	Severe global decline due to deer 

	Restricted
	Catocala pretiosa pretiosa
	Precious Underwing
	G4T2T3
	Extirpated in 95% of range

	Limited
	Cincindela dorsalis dorsalis
	Northeastern Beach Tiger Beetle
	G4T2
	Extant only in MA and Chesapeake

	Peripheral
	Cincindela lepida
	Little White Tiger Beetle
	G4
	Declining; perhaps only secure in NJ

	Restricted
	Cincindela patruela consentanea
	A Tiger Beetle
	G3T2
	NAC endemic to NJ pine barrens

	Widespread
	Cincindela patruela patruela
	A Tiger Beetle
	G3T3
	Imperiled in most states

	Restricted
	Crambus daeckellus
	Daecke’s Pyralid Moth
	G1G3
	Globally imperiled, restricted to NJ

	Limited
	Cyclophora sp. 1
	A Geometrid Moth
	G3G4
	Limited range in NAC & globally, only in NJ in NAC

	Widespread
	Erynnis persius persius
	Persius Dusky Wing
	G5T2T3
	Globally imperiled and in severe decline

	Restricted
	Hemileuca nevadensis subsp.
	Schweitzer’s Buckmoth
	G5T1 or G5T4
	NJ endemic or disjunct; part of undescribed complex

	Widespread
	Hesperia attalus slossonae
	Seminole Skipper
	G3G4T3
	Needs intensive management; only in NJ in NAC

	Widespread
	Hesperia leonardis
	Leonard’s Skipper
	G4
	Range probably wider than currently known

	Widespread
	Lycaena hyllus
	Bronze Copper
	G5
	NJ critically imperiled, absent from rest of NAC, loss of early successional habitat

	Widespread
	Meropleon cosmion
	
	G4
	Very rare, only in NJ in NAC

	Widespread
	Meropleon titan
	A Noctuid Moth
	G2G4
	Extreme rarity within ecoregion

	Limited
	Metarranthis apiciaria
	Barrens Metarranthis Moth
	GU
	One recent extant EO in NAC and only 1-2 globally

	Widespread
	Nicrophorus americanus
	American Burying Beetle
	G1
	Declining throughout range

	Widespread
	Papaipema maritima
	Maritime Sunflower Borer Moth
	G3
	Only metapopulations are at Cape May and along DE Bay

	Restricted
	Papaipema sulphurata
	Decodon Stem Borer Moth
	G2
	Endemic to SE MA

	Widespread
	Parapamea buffaloensis
	
	G4
	Rare, needs deer protection

	Widespread
	Ptichodis bistrigata
	A Noctuid Moth
	G3
	Declining in NAC; disjunct

	Restricted
	Richia sp. 2
	A Noctuid Moth
	G1Q
	Unique endemic ecotype

	Peripheral
	Schinia tuberculum
	Golden Aster Flower Moth
	G4
	Disjunct, local and declining

	Limited
	Spartiniphaga carterae
	A Noctuid Moth
	G2G3
	Two part range; one-half of EOs in NAC


Viability Screening

Screening Criteria

1. Y = Yes:  Element occurrence met the criteria by having A-C EOrank with a undeveloped block of >100 acres, or with no rank, but good information in EOData (e.g. persistence over time, or food plant present) or general description fields and being less than a 20 year old record. 

2. M = Maybe:  Assigned to EOs that had “limited information” (see below), or A-C rank records in less than 100 acre blocks, D rank records that had good EOdata, or records that were >20 years old, but seemed to have good landscape context.

3. N = No: D ranks with no other information, records with no information, records greater than 20 years old with no other information, or marked poor viability or historic.

Additionally, all EOs with an M or N score were assigned brief comments to guide expert review.  These scores were reviewed by experts who in many cases had more information than was in the record and were able to change the scores.  Final scores were tallied and used to assess progress toward ecoregional goals.  When considering whether the number of EOs met ecoregional goals both EOs M or Y scores were considered towards the goal.  In most cases (except for two) the addition of occurrences with M scores did not change whether the species met either distribution or numeric goals for the ecoregion.

Setting Goals and Results
We set numerical conservation goals for the primary target species based on their rarity and distribution as shown in the Table 9.  These goals represent a minimum number of populations for successful conservation of a target, and should not, in and of themselves, reflect conservation success.  Depending on the species, more populations may be required to ensure target viability over the long term.  However, we set these benchmarks in order to set an ecoregional baseline that could be applied evenly across all targets.  Local conservation planning and expert review will refine goals based on the unique life-history and habitat requirements of a specific species.  In addition, conservation biology literature suggests that five occurrences of a rare species will not ensure its survival long term, but if we can conserve five while we work to determine the real number needed we will be making progress in the right direction.

Table 9:  Numeric and distribution goals (with percentages) for terrestrial Invertebrate target groups in NAC Ecoregion.  In the first column, the number in parentheses reflects how many viable populations for a given species are required to meet the numeric goal.  For example, a restricted species needs at least 20 viable populations in NAC to meet the numeric goal.  To meet the distribution goal, there must be at least one viable population of a target species in each sub-region where it occurs.

	Terrestrial Invertebrate Distribution in Ecoregion (#)
	# of Primary Targets
	# of Primary Targets that met numeric Goals (%)
	# of Primary Targets that met Distribution Goals (%)

	Widespread (5)
	15
	2 (13)
	2 (13)

	Limited (10)
	4
	 0 (0)
	1 (0)

	Restricted (20)
	7
	 1 (14)
	2 (29)

	Peripheral/Disjunct (5)
	2
	 0 (0)
	0 (0)

	Total
	28
	 3 (11)
	5 (18)


We also tracked how many populations had viable occurrences in each subregion in which they occurred.  For example, if the species occurred in only one subregion, the goal was to have at least one viable occurrence there.  If the species occurred in all subregions, there should be at least one viable occurrence in all four subregions.  These goals reflect our desire to assure that species are viable across their current range.  

Of the 28 primary targets, 3 (11%) across all subregions met the minimum number for viability based on numeric goals.  Of the targets most concentrated in NAC, none of the four species limited to NAC, and one of the seven (14%) species restricted to NAC met their Numeric Goals.  

For distribution goals, 5 (18%) of the Primary Target Species had at least one viable occurrence in every subregion where it occurred.  Most of all NAC terrestrial invertebrate Primary Target Species do not have the minimum number recommended of known viable populations in the Ecoregion.

These data reflect a relatively high level of uncertainty for the viability of some populations.  This may be due to no data collected on occurrences, inadequate or incomplete information for a given occurrence, uncertainty about the population requirements for long-term persistence of certain species, or other factors.  These species and their occurrences would benefit from additional field inventory, better viability assessment criteria, more rigorous monitoring over time, and documentation of species ecological and habitat requirements for long-term conservation.

AQUATIC SPECIES
Team Leader: Alison Bowden (Massachusetts)

Reviewers (TNC):  Nancy Sferra, Kathy Jensen (ME TNC); Mark Carabetta (CT TNC); Doug Bechtel (NH TNC), Julie Lundgren (RI TNC); Arlene Olivero, Colin Apse (Eastern Conservation Science); Marilyn Jordan (NY TNC-Long Island); Mark Bryer (Chesapeake Bay); George Schuler, Rebecca Shirer (NY TNC – Eastern NY); Jay Odell (NH TNC); Charles DeCurtis (PA TNC)
Reviewers (Other): Karsten Hartel (Harvard MCZ); Kevin Curry (Bridgewater State College); Phil DeMaynadier (ME Division of Inland Fisheries); Boyd Kynard (Conte Anadromous Fish Laboratory); Brad Chase (MA Division of Marine Fisheries); Fred SaintOurs (entomologist); Jennifer Loose (MA Heritage); Ginger Brown (RI Natural History Survey); Dawn McKay (CT Heritage); Robert Buchsbaum (MA Audubon); Jay Cordeiro (Natureserve); David McLain (UMASS); Ken Sprankle (US FWS); Chris Raithel (RI DEM) 

Portfolio Results for Aquatic Invertebrates and Resident Fish (Vertebrates):  The initial list of targets was created from combining the portfolio terrestrial invertebrate targets from the Lower New England and North Atlantic Coast Ecoregions; the team leader then added a number of species as candidates.  This list of existing targets and proposed candidates was then sent to state experts to review.  The final list included 13 primary targets (12 invertebrates and 1 resident fish) (Tables 10 & 11) and 18 secondary targets for NAC.  In addition 10 migratory fish species were added as primary targets for the North Atlantic Freshwater Ecoregion, which includes NAC.  
Only Primary target species received viability screening. Information sources included Heritage occurrence records and expert review.

Table 10: Aquatic invertebrate primary target species within the North Atlantic Coast Ecoregion.

	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Widespread
	Alasmidonta varicosa
	Brook Floater
	G3
	Significant declines south, some good populations north, especially in ME 

	Limited
	Enallagma minisculum
	Little Bluet
	G3G4
	Relatively common in small, heavily developed range; stable

	Limited
	Enallagma pictum 
	Scarlet Bluet
	G3
	Small, heavily developed range, not abundant or widespread 

	Restricted
	Enallagma recurvatum
	Pine Barrens Bluet
	G3
	Small, heavily developed range; stable

	Peripheral
	Epitheca spinosa
	Robust Baskettail
	G4
	Southern species at edge of range in NAC; early, short flight season; likely more common

	Widespread
	Gomphus apomyius
	Banner Clubtail 
	G4
	Southern species at edge of range in NAC (NJ only)

	Widespread
	Leptodea ochracea
	Tidewater Mucket
	G3G4
	Declining rangewide

	Widespread
	Somatochlora georgiana
	Coppery Emerald
	G3G4
	Local but probably more widespread (difficult to collect); few breeding sites known

	Peripheral
	Somatochlora provocans
	Treetop Emerald
	G4
	Southern species at edge of range in NAC (NJ only); large range, stable but mostly S1-S2

	Limited
	Spongilla aspinosa
	Smooth Branched Sponge
	G2G3
	Acidic ponds; very few eo’s

	Widespread
	Tachopteryx thoreyi 
	Gray Petaltail 
	G4
	Forested seeps; southeastern species with few records in NJ, PA, NY (uncommon and local)

	Limited
	Williamsonia lintneri
	Ringed Boghaunter
	G3
	Sphagnum wetlands in small range; spotty distribution; few sites adequately protected 


Table 11: Fish primary target species within the North Atlantic Coast Ecoregion
	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Widespread
	Notropis bifrenatus 
	Bridle Shiner
	G3
	Recent severe decline, G5 to G3, unknown cause 


Viability Screening

Element Occurrence Rank was generally a poor indicator of viability.  For example, there are several A-ranked occurrences for Atlantic sturgeon in rivers where this species has not spawned in at least 100 years.  The rank was apparently assigned based on the number of individuals present, but they didn’t take into account that these are non-breeding juveniles that will return to their natal rivers when they reach breeding age.  If the rank made sense with the information provided in the table or data from other sources, A, B and C ranked EOs were assumed to be viable.  E ranks generally were given “maybe” unless other information provided clear guidance on viability. D, H and X ranks were given a “no”. 

Where available, written descriptions in the Element Occurrence Data or General Description fields were used to assign scores, supported by the Landscape Context Index (good context is LCI<60), census block human population trend, block size, and gap status. Detailed information about buffers, impervious surface percentages, dams, and other attributes of watershed condition were used when the EOData fields were lacking.  Scores were not constrained by any specific threshold for any of the criteria; rather a judgment call was made using all available information. For example, an animal dependent on headwater streams is more likely to be impacted by general watershed conditions than say, an amphipod living in an isolated spring in Rock Creek Park.  The amphipod in an urban census block may be fine, while a population of brook floaters in a 5,000 acre block in a rural area could be severely impacted by a single road crossing.  Actual population information indicating occurrence over multiple years, and/or evidence of reproduction (gravid individuals, juveniles, multiple age classes, etc.), took precedence over the landscape context information in screening, although poor context was noted and was subjected to careful review by the state teams. 

Screening Criteria

1. Y = Yes:  Element occurrence clearly met the criteria of “viability” by having multiple individuals, A/B/C rank that made sense with the EO description, good landscape context, and evidence of reproduction.  If a recent recovery plan, status review, or other document that is the product of expert analysis indicated a given population was viable or not, that judgment took precedence and was recorded as the source. See the Atlantic sturgeon example above. 

2. M = Maybe: Assigned to EOs that had limited or uncertain information that required review by state experts. Ranks of E (extant) with one or few individuals, old records with blank EOdata or Gendesc fields, and occurrences ranked viable in the previous iteration of the plan that have had declines in rank, landscape context, or other issues of concern for viability. 

3. N = No: Rank of X, D, F, or H indicating evidence of loss of species due to destruction of individuals or habitats, or that the species was out of place, e.g. the only record being one dead individual in clearly unsuitable habitat. 

Setting Goals and Results
A subset of viable element occurrences was selected, stratified by subsection.  Numerical conservation goals for the primary target species were set based on their rarity and distribution as shown in Table 12.  These goals represent a minimum number of populations for successful conservation of a target. 
Table 12:  Numeric and distribution goals (with percentages) for invertebrate and resident fish target groups in the North Atlantic Coast Ecoregion.  In the first column, the number in parentheses reflects how many viable populations for a given species are required to meet the numeric goal.  For example, a restricted species needs at least 20 viable populations in NAC to meet the numeric goal.  To meet the distribution goal, there must be at least one viable population of a target species in each sub-region where it occurs.

	Aquatic Species Distribution in Ecoregion (#)
	# of Primary Targets
	# of Primary Targets that met numeric Goals (%)
	# of Primary Targets that met Distribution Goals (%)

	Widespread (5)
	5 
	1 (20)
	 3(60)

	Limited (10)
	4
	0 (0)
	1(25)

	Restricted (20)
	1
	1(100)
	1(100)

	Peripheral/Disjunct (5)
	1 
	0(0)
	0(0)

	Total (spp with EOs)
	11
	2(18)
	5(45)


Of the 13 primary targets, 2 (18%) across all subregions met the minimum number for viability based on numeric goals.  Two species, robust baskettail and banner clubtail, had no element occurrences.  Both species are found on the coastal plain of New Jersey and have a state rank of S1, but are not tracked by the NJ Heritage program.  The goal for each of these would be 5 viable occurrences, but no information is available to determine number or viability.  As shown in table 12, 11 of the 13 primary targets had element occurrences, with 18% of those meeting numeric goals. The 1 target restricted to NAC, pine barrens bluet, met the numeric goal of 20 occurrences. The other range-limited odonates, two pond damselflies and ringed boghaunter dragonfly, did not.  Recent Massachusetts inventory data for scarlet bluet confirmed multiple new sites that were not included here, and it is likely that the numeric goal for that species would now be met.  For the widespread species, only tidewater mucket met the numeric goal, with viable sites concentrated in the Cape Cod subregion. 

Five (45%) of the Primary Target aquatic invertebrates and resident fish with element occurrences (38% of all primary targets in this category) met the distribution goal of at least one viable population per subregion.  The targets that met the goal are bridle shiner, pine barrens bluet, tidewater mucket, coppery emerald, and ringed boghaunter. 

It is important to note that targets and results were developed using the best available information. Data for aquatic invertebrates are strongly focused on a few taxa, notably odonates and mussels, which have received a great deal of attention in inventory, are of interest to the public, and are tracked by Heritage programs.  The species included here utilize a variety of aquatic habitats, from coastal plain ponds to forest seeps to streams, and it reasonable to consider that successful protection of these species and their habitats will serve as an umbrella for many more species, even some yet undescribed.  Aquatic invertebrates, as well as non-game fish like the bridle shiner, are groups that would benefit greatly from additional inventory and monitoring. 

Ideally, boundaries for freshwater planning should be based on freshwater ecoregions and ecological drainage units (EDU’s) as opposed to the terrestrial ecoregion and subsections.  NAC represents a very small portion of the North Atlantic Freshwater Ecoregion, and crosses into the Chesapeake Freshwater Ecoregion.  It is not clear if using the aquatic units would have made a difference in this process in terms of which occurrences were selected for the portfolio or whether goals would be more or less likely to be met.  Selection of aquatic versus terrestrial units may have more of an effect on results for river species than on species associated with wet habitats that are more isolated from surface watersheds, such as coastal plain ponds or forest seeps.  In this iteration the logistics of data requests, etc. across the much larger scale of the freshwater ecoregion made it impractical to use the freshwater units for most species.

As described below, the analysis for migratory fish was done using the freshwater ecoregion because: a) this was a new process, as opposed to a revision of the earlier plan; b) the data source was not element occurrences and thus the process was not constrained by terms of specific data requests from Heritage programs; and c) we used the NAC revision as an opportunity to develop preliminary data and build a case for planning for long-distance migratory fish in a separate process that integrates freshwater and marine habitat needs. 

Portfolio Results for Migratory Fish:  Ten species of diadromous fish were selected as primary targets in the NAC aquatic species planning process: alewife, American eel, American shad, Atlantic salmon, Atlantic sturgeon, blueback herring, hickory shad, rainbow smelt, searun trout, and shortnose sturgeon (Table 13).  Nine of these species are anadromous, spawning in freshwater but spending most of their lives at sea, and one, the American eel, is catadromous.  Eels are born in the Sargasso Sea, migrate into rivers from Canada to the northern tip of South America, and spend 20 years or more in fresh water before returning to the sea to spawn. 
This group has one major attribute in common; they share the life history strategy of exploiting both freshwater and saltwater habitats.  The distance traveled in order to do this varies widely among the species, from the rainbow smelt that lives its entire life within about a mile of the coast up to the head of tide in rivers, to the Atlantic salmon that travels thousands of miles from the ocean waters off Greenland to headwater streams hundreds of miles inland.  The populations of all ten of the species selected as primary targets show evidence of significant decline or, in the case of the sturgeons, are already recognized as globally rare with a rank of G3.  Seven of these species also are so wide ranging that protection of the species will require coordinated, targeted efforts across freshwater, marine, and terrestrial realms.  There is no habitat we can protect and thus expect to meet all the life history needs of alewife, American eel, American shad, Atlantic salmon, Atlantic sturgeon, blueback herring, or hickory shad.  The ten species listed are not the full suite of diadromous fish within this range.

All species were considered, but those that are apparently stable or increasing in number were not selected as targets.  Striped bass, sea lamprey, and white perch do not warrant specific conservation attention at this time.  They are also likely to benefit from efforts to protect primary target species with similar life histories.  Atlantic tomcod were added as secondary conservation targets because there is anecdotal evidence of decline and even disappearance from some rivers in the region, but they are apparently still common in some areas and data are virtually non existent for this small coastal species that is not harvested commercially or recreationally. 

Table 13: Migratory fish primary target species within the North Atlantic Coast Ecoregion.

	Status
	Scientific Name
	Common Name
	GRank
	Comments

	Limited 
	Acicpenser brevirostrum
	Shortnose Sturgeon
	G3
	Federally listed; 19 breeding populations limited to Atlantic coast; fisheries closed 

	Widespread
	Acipenser oxyrhinchus
	Atlantic Sturgeon
	G3
	ESA candidate, NOAA sp of concern; 14 breeding populations, limited to Atlantic and Gulf coasts; fisheries closed 

	Limited 
	Alosa aestivalis 
	Blueback herring
	G5
	Severe decline rangewide; Historically super-abundant; critical food web role; fishery closed in MA, RI, CT due to low numbers  

	Limited
	Alosa mediocris 
	Hickory shad 
	G5
	Least common of Atlantic coast Alosa spp

	Limited
	Alosa pseudoharengus
	Alewife 
	G5
	Historically super-abundant; critical food web role; fishery closed in MA, RI, CT due to low numbers  

	Limited 
	Alosa sapidissima 
	American shad 
	G5
	Historic low population numbers; ocean fisheries closed 

	Widespread in freshwater, Restricted marine breeding habitat
	Anguilla rostrata 
	American eel
	G4
	Catadromous; single, panmictic  population breeds in Sargasso Sea; range in freshwater contracting southward 

	Widespread
	Osmerus mordax
	Rainbow Smelt
	G5
	NOAA sp of concern; range contracting northward 

	Widespread
	Salmo salar 
	Atlantic Salmon 
	G5/G5T1T2Q
	All salmon in U.S. outside of 8 rivers in ME re-introduced (no native or self-sustaining runs in NAC)

	Limited 
	Salvelinus fontinalis  
	Sea run brook trout 
	G5
	Rare anadromous “race” of a common species, range limited from Gulf of St. Lawrence to southern New England


Viability Screening

Conventional screening criteria could not be applied to these species, even though limited occurrence data were available for sturgeons and salmon.  Detailed counts of breeding individuals are rarely available, and landscape context information is essentially irrelevant to species that move among realms to complete their life cycles.  Presence of individuals, even in large numbers, is not a reliable indication of reproduction.  Atlantic sturgeon are a good example—juveniles travel long distances and are found in many Northeast rivers, but spawning occurs in only three. A number of efforts are underway by partners, including the Atlantic States Marine Fisheries Commission (ASMFC) to assess the status of some of these species that have the least available information. 

A data set of occurrences at HUC-8 level was available for 9 of the 10 species.  We used the NatureServe table as the base, and updated occurrence data with information on spawning, with the intent of documenting those rivers that currently support self-sustaining populations of target species.  An attempt was made to document runs that are regarded as important, but no measure could be applied consistently across the ecoregion.  Where no information beyond the NatureServe data was available, the table was not changed.  In cases where data clearly indicated absence of a species, that was noted. 
Setting Goals and Results
With this information, we can begin to set goals for protection and restoration of these species in our aquatic portfolio by EDU.  Initially we intended to compare size of runs across the region, but available data did not support that approach.  Information was gathered primarily from state fishery agencies and the US Fish and Wildlife Service, but additional information from other credible sources such as watershed groups was also compiled.  The status of each species in each portfolio river was coded to indicate whether spawning occurs (our best available surrogate for viability), if the species is actively being restored (stocked), if juveniles but no adults or fry are present, or if reliable data indicate the species is absent. The full table for all portfolio rivers in the North Atlantic Freshwater Ecoregion (FWE) is shown in Appendix 4. 
Although the majority of these fish are G5 and some are still locally common, 40% (alewife, blueback herring, American shad, and rainbow smelt) met the numeric goals and only one, alewife, met the distribution goal (Table 14).  All four are severely reduced from historic population sizes.  Their ecological role as “forage species” that naturally occur in huge numbers and support higher trophic levels of many taxa is not being fulfilled in most places.  Fish migrate in to rivers in spring, when ospreys, eagles, herons, etc are raising young, and young-of-year migrate out in late summer, when birds are preparing for their own migrations.  Mammals such as river otters, seals, and black bears also benefit from fish runs. 
Table 14:  Numeric and distribution goals (with percentages) for migratory fish target groups in the North Atlantic Freshwater Ecoregion.  In the first column, the number in parentheses reflects how many viable populations for a given species are required to meet the numeric goal.  For example, a restricted species needs at least 20 viable populations to meet the numeric goal.  To meet the distribution goal, there must be at least one viable population of a target species in each EDU where it occurs.
	Aquatic Species Distribution in Ecoregion (#)
	# of Primary Targets
	# of Primary Targets that met numeric Goals (%)
	# of Primary Targets that met Distribution Goals (%)

	Widespread (5)
	3 
	1 (33)
	 0(0)

	Limited (10)
	6
	3 (50)
	1(15)

	Restricted (20)
	0
	0(0)
	0(0)

	Peripheral/Disjunct (5)
	0
	0(0)
	0(0)

	Other (Widespread/Restricted)
	1
	1 population; viability unknown
	1 population; viability unknown

	Total
	10
	4(40)
	1(10)


Atlantic and shortnose sturgeon, the only migratory fish species that were targets in the first iteration of NAC, did not meet goals for either number or distribution.  Of the 10 targets in this category, the most comprehensive and detailed information was available for these G3 species.  All 14 spawning rivers for Atlantic and 19 for shortnose are considered critical to the species’ recovery.  The largest known populations of shortnose sturgeon are found in this freshwater ecoregion: 38,000 in the Hudson River and 18,000 in the Saint John River.  The Hudson River is also important for Atlantic sturgeon, and the Delaware River is thought to have supported the largest population historically, but the species is apparently now more concentrated in the South Atlantic FWE.  Actual abundance data are extremely limited. 

There are practically no data on hickory shad, but they are likely to have experienced declines similar to American shad.  Historically, hickory shad spawned in rivers and tributaries along the Atlantic coast from the Bay of Fundy to Florida, but now they are probably restricted to waters south of New York.  Sea run brook trout are a challenging target because there are not always genetic differences among anadromous, resident, and amphidromous forms.  Historical accounts suggest that sea run brook trout were common prior to the 1700’s, and that they suffered the same fate as other anadromous fish with damming and pollution of rivers.  They are now documented in a handful of sites in Massachusetts, Maine, and maritime Canada.  Ultimately we may choose to focus on them primarily as an indicator of intact coastal coldwater systems, which were also added as conservation targets in this ecoregional plan revision.  More information is needed to support a planning approach for this species.  

American eel has one panmictic population across all ecoregions where it occurs, of unknown viability.  Almost no data were available for American eel, but they are most likely still present in every river and estuarine system because larvae are planktonic (transported passively).  However, their continued widespread distribution is not definitive evidence of viability.  Their unusual life history strategy requires a huge number of individuals to sustain the population, but the natural range of variation or number of individuals is unknown.  Setting goals for this species is challenging, because its natural status is a single, huge population widely distributed for a long (8-20+ years) growth phase.  Any mortality of eels in fresh or estuarine waters is pre-breeding.  Goals need to take into account distribution and abundance in freshwater and reproductive success in the marine environment.

The wild Atlantic salmon populations of 8 rivers in Maine were added to the Federal Endangered species list in 2000.  The Penobscot River has the largest population, with over 1,000 adults.  Native salmon were extirpated from all other U.S. rivers, and despite decades of restoration efforts no runs are self-sustaining yet.  A complex and extensive hatchery program provides fish to sustain restoration efforts throughout New England.    

Atlantic salmon were extirpated from most of their range in New England soon after the beginning of the industrial revolution by a combination of pollution and loss of access to spawning habitats.  Their recovery is in question today due to ongoing pollution problems, especially acid deposition, and changes in their ocean habitats.  The remaining species have suffered from multiple interacting threats including loss of access to spawning areas due to dams, destruction or pollution of spawning habitats, exposure to toxic chemicals, and commercial and industrial activities, e.g. dredging, power plant operations, bridge construction and demolition, etc.  Overharvest either in directed fisheries or as by-catch has also been a factor for all of these species.  In US waters, fishing for Atlantic sturgeon, shortnose sturgeon, and Atlantic salmon is prohibited, and the ocean-intercept fishery for American shad was closed in 2004.  New limits are being considered for American eel, along with an expanded monitoring program.  River herring fisheries in freshwater are closed in Massachusetts, Rhode Island, and Connecticut. 
Development of a conservation plan for migratory fish that integrates freshwater and marine habitats is a priority strategy for the Eastern US Conservation Region, with implementation scheduled for 2008.  Protection and restoration of river continuity is also a priority regional strategy, already underway. 

PLANTS

Team Leader:  Doug Bechtel (New Hamphsire)

Reviewers:  Bill Nichols and Dan Sperduto (NH Heritage); Arthur Haines and Bill Brumback (New England Wildflower Society); Karen Lombard (MA TNC); Bob Allen and Andrea Stevens (NJ TNC) and Mike Van Clef (NJ TNC formerly); Nancy Sferra (ME TNC) and Don Cameron (ME Nature Areas); Marilyn Jordan, Bruce Horwith, Joe Jannsen (NY TNC) and Steve Young (NY Heritage); Ellen Roca (DE TNC) and Bill MacAvoy (DE Heritage); Mark Carabetta (CT TNC); Julie Lundgren (RI TNC).

Methods:  The initial list of plant targets was created by combining the portfolio plant targets from the previous ecoregional assessments for North Atlantic Coast and Lower New England Ecoregions.  The initial list for review consisted of 164 primarily G1 through G3 plant species which was sent out to state experts for suggestions on additions, subtractions, and comments.  Additions consisted of significant disjunct species, populations with unique genetic variation or occurring in a unique ecological context, populations at the far edges of their species range, and ecoregional endemics known to be vulnerable and in decline.  Taxonomy and nomenclature were checked for species on the initial list to ensure that all were still valid taxa.

Portfolio Results for Plants:  The final list included 65 primary targets, with 98 secondary targets (Table 15).  Of the 65 primary targets, four had unresolved occurrence or taxonomic questions, and one originally proposed species (Rubus orarius) was not assessed because it is not recognized by NatureServe as a true taxon at this time
.   For viability, we therefore assessed and report on 64 primary targets.  In general, taxonomy followed NatureServe (http://www.natureserve.org/explorer/servlet/NatureServe?init=Species), except in cases where local experts or recent literature and research confirmed uncertainties in classification.  
Table 15.  Primary plant target species in the North Atlantic Coast Ecoregion.

	Status
	Scientific Name
	Common Name
	GRank
	Habitat / Comments

	Limited
	AESCHYNOMENE VIRGINICA
	SENSITIVE JOINT-VETCH
	G2
	Tidal shores, mudflats, marshes

	Limited
	AGALINIS ACUTA
	SANDPLAIN GERARDIA
	G1
	Maritime grasslands

	Peripheral
	AGALINIS AURICULATA
	EARLEAF FOXGLOVE
	G3
	Grasslands and open woods

	Peripheral
	AGASTACHE SCROPHULARIIFOLIA
	PURPLE GIANT HYSSOP
	G4
	Upland woods, floodplain edges.  Rare in some portion of range, unranked in others.  Sensitive to competition, may not remain at same sites over long-term.  

	Limited
	AMARANTHUS PUMILUS
	SEABEACH AMARANTH
	G2
	Sea beaches

	Peripheral
	ARABIS PATENS
	SPREADING ROCKCRESS
	G3
	Moist rocky woods

	Limited
	ASTER DEPAUPERATUS
	SERPENTINE ASTER
	G2
	Serpentine outcrops and barrens, synonym is Symphiotrichum depauperatum 

	Limited
	BIDENS BIDENTOIDES
	MARYLAND BUR-MARIGOLD
	G3
	Freshwater intertidal marsh, tidal stream edges, estuarine shores

	Limited
	BIDENS EATONII
	EATON'S BEGGAR-TICKS
	G3
	Estuaries

	Limited
	CARDAMINE LONGII
	LONG'S BITTER-CRESS
	G3
	River and stream edges, estuaries, freshwater intertidal marsh

	Peripheral
	CAREX MITCHELLIANA
	MITCHELL'S SEDGE
	G3
	Freshwater wet meadows. Often near salt marshes, low wet woods, shaded edges

	Limited
	CAREX POLYMORPHA
	VARIABLE SEDGE
	G3
	Nutrient poor sandplains, disturbed openings, dry forests, thin woods, dry, open woods, acid soils

	Widespread
	CHENOPODIUM FOGGII
	FOGG'S GOOSEFOOT
	G3Q
	

	Peripheral
	CIRSIUM VIRGINIANUM
	VIRGINIA THISTLE
	G3
	Peatlands, bogs, wet pinelands

	Limited
	COREOPSIS ROSEA
	ROSE COREOPSIS
	G3
	Coastal plain pond, wet, sandy, acidic soil, shallow water

	Widespread
	CYPRIPEDIUM ARIETINUM
	RAM'S-HEAD LADY'S-SLIPPER
	G3
	Mesic forests, forested swamps, cedar swamps

	Widespread
	ECHINODORUS TENELLUS
	AMERICAN DWARF BURHEAD
	G2
	Mud, wet sand, shallow water, with seasonal water fluctuations

	Limited
	ELEOCHARIS AESTUUM
	TIDAL SPIKERUSH
	G2
	Freshwater tidal marsh

	Restricted
	ELEOCHARIS DIANDRA
	WRIGHT'S SPIKE-RUSH
	G2
	Shores of large lakes and streams, fresh or tidal / brackish

	Widespread
	ELEOCHARIS FALLAX
	CREEPING SPIKERUSH
	G2
	Coastal fresh and brackish wetlands

	Limited
	ERIOCAULON PARKERI
	PARKER'S PIPEWORT
	G2
	Found where accretion and erosion are in balance  

	Restricted
	EUPATORIUM LEUCOLEPIS VAR NOVAE-ANGLIAE
	WHITE BRACTED-BONESET
	G3
	Coastal plain pondshores

	Limited
	EUPATORIUM RESINOSUM
	PINE BARRENS BONESET
	G3
	Low ground of open bogs, swamps

	Peripheral
	EUPHORBIA PURPUREA
	GLADE SPURGE
	G3
	Dry or moist woods, low moist ground of rich woods

	Peripheral
	GENTIANA AUTUMNALIS
	PINE BARREN GENTIAN
	G3
	Wet, open, sandy pinelands edges

	Widespread
	HASTEOLA SUAVEOLENS
	SWEET-SCENTED INDIAN-PLANTAIN

	G3
	High energy riverbanks, moist low ground.  Synonyms are Cacalia s. and Synosma s.  

	Restricted
	HELIANTHEMUM DUMOSUM
	BUSHY ROCKROSE
	G1
	Maritime grassland

	Limited
	HELONIAS BULLATA
	SWAMP-PINK
	G4
	Swamps, bogs

	Widespread
	HYPERICUM ADPRESSUM
	CREEPING ST. JOHN'S-WORT
	G3
	Marshes, coastal plain fresh-water pond-shores, and wet meadows

	Widespread
	ISOTRIA MEDEOLOIDES
	SMALL WHORLED POGONIA
	G3
	Secondary forest, fragipan soils, mesic dry oak forests,  population center in NH

	Limited
	JUNCUS CAESARIENSIS
	NEW JERSEY RUSH
	G3
	Sandy, wet pineland bogs

	?
	JUNCUS SUBNODULOSUS
	BARNSTABLE BOG RUSH
	G3
	Salt marsh

	Limited
	LIATRIS SCARIOSA VAR NOVAE-ANGLIAE
	NORTHERN BLAZING-STAR
	
	Calcareous rocky summit, nutrient poor sandy soils, sandplains, disturbed openings, maritime grasslands.

	Peripheral
	LIPARIS LILIIFOLIA
	LARGE TWAYBLADE
	G3
	Rich mesic woods

	Peripheral
	LOBELIA BOYKINII
	BOYKIN'S LOBELIA
	G3
	Wet ground, shallow water of ponds

	Limited
	MALAXIS BAYARDII
	BAYARD'S MALAXIS
	G3
	Dry open woods, sandy and shale barrens

	Restricted
	MIMULUS RINGENS VAR COLPOPHILUS
	ESTUARY MONKEYFLOWER
	G3
	Estuary tidal mud flats.

	Peripheral
	MUHLENBERGIA TORREYANA
	TORREY'S DROPSEED
	G3
	Wet, open soil of sandy pinelands

	Limited
	NAJAS GUADALUPENSIS SSP MUENSCHERI
	HUDSON RIVER WATER NYMPH
	G2
	Freshwater tidal mudflats

	Restricted
	NARTHECIUM AMERICANUM
	BOG ASPHODEL
	G2
	Wet, open soil of sandy pinelands

	Limited
	PANICUM HIRSTII
	HIRST BROTHERS' PANIC GRASS
	G5
	Water of ponds

	Peripheral
	PHACELIA COVILLEI
	BLUE SCORPION-WEED
	G5
	Moist alluvial woods, floodplains and adjacent forests on Potomac.  Synonym is P. ranunculacea (Gleason & Cronquist), recognized by Kartesz at species level due to recent chromosome counts, other features

	Widespread
	POA PALUDIGENA
	BOG BLUEGRASS
	G5
	Bogs and wet woods

	Limited
	POLEMONIUM VANBRUNTIAE
	JACOB'S LADDER
	G2
	Beaver pond wet meadows and shallow emergent marsh; circumneutral seeps, occasionally along roadside wetlands

	Limited
	POLYGONUM GLAUCUM
	SEA-BEACH KNOTWEED
	G2
	Sandy coastal beach and dune, dry, open beach sand, saline edges

	Widespread
	POTAMOGETON HILLII
	HILL'S PONDWEED
	G2
	Calcareous ponds and ditches

	Limited
	POTAMOGETON OGDENII
	OGDEN'S PONDWEED
	G2
	Calcareous ponds and ditches

	Limited
	PYCNANTHEMUM CLINOPODIOIDES
	BASIL MOUNTAIN-MINT
	G3
	Rocky summit grassland and Appalachian oak-hickory forest on traprock, traprock communities and woodlands.

	Peripheral
	PYCNANTHEMUM SETOSUM
	AWNED MOUNTAIN-MINT

	G2
	Dry or moist, open sandy ground

	Widespread
	PYCNANTHEMUM TORREI
	TORREY'S MOUNTAIN MINT
	G2
	Rocky summit grassland and Appalachian oak-hickory forest on traprock, traprock communities and woodlands, nutrient rich dry forests, thin woods

	Peripheral
	RHEXIA ARISTOSA
	AWNED MEADOWBEAUTY
	G1
	Wet, sandy, acid ground of pinelands

	Restricted
	RHYNCHOSPORA KNIESKERNII
	KNIESKERN'S BEAKED-RUSH
	G1
	Wet soil of pineland bogs

	Limited
	RHYNCHOSPORA PALLIDA
	PALE BEAKRUSH
	G3
	Wet soil of pineland bogs

	Disjunct
	SABATIA KENNEDYANA
	PLYMOUTH GENTIAN
	G3
	Coastal plain ponds

	Restricted
	SAGITTARIA TERES
	SLENDER ARROWHEAD
	G3
	Coastal plain pond, submersed or on sandy wet shores, sandy soil in shallow acidic water.  In Long Island Pine Barrens only 1 A occurrence in Lake Panamoka, highly developed & disturbed

	Limited
	SCHIZAEA PUSILLA
	CURLY-GRASS FERN
	G3G4
	Bog / interdunal swale, white cedar bog edges.  Pine barrens NJ, only one location on Long Island 

	Peripheral
	SCHWALBEA AMERICANA
	CHAFFSEED
	G2
	Moist/dry sandy pine-oak woods

	Widespread
	SCIRPUS ANCISTROCHAETUS
	NORTHEASTERN BULRUSH
	G3
	Open wet meadows

	Limited
	SCIRPUS LONGII
	LONG'S BULRUSH
	G3
	Nutrient poor bogs, fens, seeps, fresh water of swamps, marshes

	Limited
	SCLEROLEPIS UNIFLORA
	ONE-FLOWER SCLEROLEPIS
	G4
	Nutrient poor pondshores, still, shallow water - coastal plain

	Limited
	SUAEDA ROLANDII
	SEA-BLIGHT
	G1G2Q
	Estuarine subtidal (& intertidal?) saline/brackish.  Probably an allotetraploid species of hybrid origin from crossing of S. calceoliformis and S. maritima. Reproductively isolated from "parent" species. Living material maintained at Brooklyn Botanic Garden. (G. Moore)

	Peripheral
	UVULARIA PUBERULA VAR. NITIDA
	MOUNTAIN BELLWORT
	G3G4
	Red maple-black gum swamps

	Peripheral
	VALERIANA PAUCIFLORA
	VALERIAN
	G3G4
	Moist rich woods

	Peripheral
	VITIS RUPESTRIS
	ROCK GRAPE
	G3G4
	Dry hills, rocky talus, hybridizes with other grapes in Potomac - genetic dilution a threat(?)


Viability Screening

Primary Target species were the focus of viability screening.  We assigned initial viability scores of Y (viable), M (maybe viable), and N (not viable) based on information from Heritage Programs BCD/Biotic databases.  Heritage information that had most utility for decisions on viability included population size, EORank, descriptive information in EODATA and GENDESC, and other modeled characteristics.  Although EORANK was useful, it was highly inconsistent across species, states, and years, while the number of individuals (generally in SIZE) was most useful when combined with descriptive information.

1. Y = Yes:  Element occurrence clearly met the criteria of “viability” by having multiple individuals, usually >100 individuals unless there was clear guidance (EOSpecs) that recommended other specific criteria.  “100 individuals” is an arbitrary threshold that we chose to help get started, but was informed by the fact that many of the EOSpecs written for species assigns 100 individuals as a B/C threshold for EORank.  The threshold may not work for all species, depending on the spatial distribution of a particular EO; certain species-specific characteristics; the history of a particular population; the trend (increasing or declining) in population numbers over time; etc.  Number of individuals at a site was the priority scoring criteria because it seemed to drive the EORanks in most states, and was the most efficient way to establish a preliminary score for review.  M = Maybe:  Assigned to EOs where Heritage Database information was insufficient to assign a Y score, but had a rounded EORank of A or B; was right on the threshold of 100 individuals; or had other uncertain information that required review by state experts to decide.

2. N = No:  Did not meet the threshold of 100 individuals; was an EO from the state Heritage Programs with no information to support a decision; there was insufficient descriptive information with an EORank of C, D, E, etc.; or was noted as Historic or Extirpated in the Heritage information.

Additionally, all EOs with a M or N score were assigned brief comments to guide expert review.  We reviewed and assigned viability scores to a total of 1,256 Primary Target EOs, 120 of which occur in LNE.  The Viability Scores were reviewed by state experts, with particular emphasis on the N and M scores to ensure we were not discounting viable populations of globally rare targets.  Final scores were tallied and used to assess progress toward ecoregional goals (see below).  All occurrences receiving a Y or M score were counted as “viable” against ecoregional goals (see below).    

Setting Goals and Results

We set numerical conservation goals for the primary target species based on their rarity and distribution as shown in the Table 16.  These goals represent a minimum number of populations for successful conservation of a target, and should not, in and of themselves, reflect conservation success.  Depending on the species, more populations may be required to ensure target viability over the long term.  However, we set these benchmarks in order to set an ecoregional baseline that could be applied evenly across all targets.  Local conservation planning and expert review will refine goals based on the unique life-history and habitat requirements of a specific species.  In addition, conservation biology literature suggests that five occurrences of a rare species will not ensure its survival long term, but if we can conserve five while we work to determine the real number needed we will be making progress in the right direction.

We also tracked how many populations had viable occurrences in each subregion in which they occurred.  For example, if the species occurred in only one subregion, the goal was to have at least one viable occurrence there.  If the species occurred in all subregions, there should be at least one viable occurrence in all four subregions.  These goals reflect our desire to assure that species are viable across their current range.  

Table 16:  Numeric and distribution goals (with percentages) for plant target groups in the North Atlantic Coast Ecoregion.  In the first column, the number in parentheses reflects how many viable populations for a given species are required to meet the numeric goal.  For example, a restricted species needs at least 20 viable populations in NAC to meet the numeric goal.  To meet the distribution goal, there must be at least one viable population of a target species in each sub-region where it occurs.

	Plant Distribution in Ecoregion (#)
	# of Primary Targets
	# of Primary Targets that met numeric Goals (%)
	# of Primary Targets that met Distribution Goals (%)

	Widespread (5)
	11
	1(9)
	3 (5)

	Limited (10)
	27
	10 (37)
	11 (17)

	Restricted (20)
	7
	4 (57)
	4 (6)

	Peripheral/Disjunct (5)
	18
	4 (22)
	6 (9)

	Total
	64
	19 (30)
	24 (38)


Of the 64 primary targets, 19 (30%) across all subsections met the minimum number for viability based on numeric goals.  Of the targets most concentrated in NAC, only 10 of the 27 (37%) of “limited” species and four of the seven (57%) “restricted” species met their numeric goals.  For distribution goals, 24 (38%) primary target species had at least one viable occurrence in every subregion where it occurred.  In other words, almost two thirds of all NAC primary target species do not have viable populations in the Ecoregion.

Because species occurrences receiving a “Maybe” score for viability were counted as contributing to numeric goals, we reviewed how many primary targets met goals due to the contribution of Maybe’s.   We asked the following questions regarding “Maybe” viability scores (Table 17):

1. Which species had more “Maybe” than “Yes” scores?

2. Of these, how many did not meet the numeric goals?

3. How many species meeting numeric goals relied on the contribution of “Maybe’s”?

Table 17.  The relative contribution of “maybe” scores for population viability in achieving numeric goals.
	Primary Target Species
	Numeric Goal
	# 

YES
	# MAYBE
	# TOTAL Viable
	Notes

	Bidens bidentoides
	10
	2
	5
	7
	1,2

	Carex mitchelliana
	5
	3
	2
	5
	3

	Eupatorium resinosum
	10
	7
	14
	21
	1,3

	Gentiana autumnalis
	5
	1
	11
	12
	1,3

	Juncus caesariensis
	10
	4
	24
	28
	1,3

	Rhynchospera knieskernii
	20
	7
	14
	21
	1,3

	R. pallida
	10
	4
	6
	10
	1,3

	Schizaea pusilla
	10
	1
	8
	9
	1,2

	Scirpus longii
	10
	9
	6
	15
	3


1 = Majority of occurrences are Maybe’s

2 = Did not meet Numeric Viability Goal

3 = Maybe’s required to meet Numeric Viability Goal

These data reflect a relatively high level of uncertainty for the viability of some populations.  This may be due to inadequate or incomplete information for a given occurrence, uncertainty about the population requirements for long-term persistence of certain species, or other factors.  These species and their occurrences would benefit from additional field inventory, more rigorous monitoring over time, and documentation of species ecological and habitat requirements for long-term conservation.
Summary of Portfolio Results for Species

The NAC ecoregional planning team addressed terrestrial and freshwater avian, mammal, fish, herptiles and macro-invertebrate targets. A total of 81 primary targets were identified, including:

· 60 G1-G3 species (G3/G4 included) 

· 0 taxa for which global ranks have not been assigned 

· 2 globally rare subspecies or subpopulations  

· G4 and G5 species of selected taxonomic groups either endemic to the ecoregion or restricted to a portion of it or with disjunct populations in NAC.

There were 3093 primary species target EOs assessed, including 1312 plant EOs (42 spp) and 1781 animal EOs (39 spp).  In addition, the team selected 2204 secondary species target EOs (88 spp) which should be addressed through site conservation planning. 
Viability was difficult to assess because EO ranks had been assigned for very few animal occurrences in the ecoregion and we were not able to get up-to-date EO information for all states. In general, occurrences were discarded if the date last seen was more than 20 years ago and if the location information was too general. 
IV. Threats in the North Atlantic Coast Ecoregion

Half a millenium ago before European settlement, the North Atlantic Coast (NAC) was covered by a nearly continuous forest which graded from a mesic, mixed oak coastal plain forest in the south, to drier oak-heath forests in the middle latitudes, to a white pine/oak/hemlock forest at the northern end of the ecoregion.  Patch-forming communities, including wetlands, grasslands, heathlands and pine barrens, were embedded in the matrix forest.  Tidal river systems drained the land and provided important nutrients to estuarine systems.  Major ecological processes sustaining these systems include fire, tides, erosion and deposition, and hydrologic processes including groundwater recharge and flowing water systems.  



Figure 1:  Population growth and population density in NAC.

The early settlement, intensive human use of this landscape, and rapidly increasing population (Figure 1) has led to significant habitat destruction and fragmentation of the once extensive forest types.  Many coastal areas have become major tourist destinations; the Northeast and Mid-Atlantic regions’ population swells even larger during the summer months.  New England’s coastal watersheds were 17% developed in 1997, a figure that is anticipated to rise to 25% by 2025.  In the Mid-Atlantic region, over 60% of coastal watersheds will be developed by this time, well above the 10% threshold for impervious surfaces such as roads and parking areas, over which aquatic systems show signs of impairment (Beach 2002).  Increased coastal development leads directly or indirectly to many of the threats discussed in this section.  Moreover increased fragmentation will make it difficult to respond to changes in coastal processes that may occur due to climate change.  

Despite numerous threats, many of the region’s smaller ecological systems – barrier beaches and dunes, salt marshes, pine barrens, and freshwater wetlands – persist in this region with surprising health and vigor due to previous land conservation as well as intact coastal processes and an ocean border.  Human populations on coastal islands grew slower than mainland populations until recently, allowing the islands to become refugia for natural communities and organisms which had all but vanished from the mainland by the middle of the century.  These island ecosystems, and the plants and animals that remain, present major conservation opportunities and challenges, particularly as many of them will need restoration and maintenance in perpetuity to survive.  Emerging threats such as global climate change and the resultant sea level rise may interrupt processes that are maintaining currently viable systems.  Details on major threats to the ecoregion are provided below.  Many of these threats are interrelated.

Habitat Loss and Fragmentation

Coastal development and its associated habitat loss is probably the greatest threat to the ecoregion.  Massachusetts lost 40 acres per day to “visible” development between 1985 and 1999.  Ninety percent of this conversion was for residential development.  Sixty-five percent of the new residential development was low-density development on lots of a half-acre or more (MAS 2003).  When “hidden” impacts were included, included associated roads, the amount of acres lost per day was closer to 78 percent.  Most of the loss was in the coastal areas of Massachusetts and nearly all of it was forest.  Not only does development destroy habitat, but it also fragments habitats and makes it more difficult for animals to migrate and reproduce.  On Cape Cod and the Massachusetts Islands, the average size of a forest block is 12 acres (MAS 2003).
Roads are one of the direct causes of habitat loss and fragmentation.  Dense coastal populations and early settlement have led to a high density of roads along the coast.  One calculation estimated that 19% of the total area of the U.S. is affected ecologically by roads (Forman 2000) and this estimate is probably low for coastal areas with greater road densities.  At the same time population growth has been exploding along the coast, the numbers of miles that Americans drive annually over the past 20 years has increased at four times the rate of population growth due to suburban development patterns (Beach 2002).

Among the many effects of roads, one of the main impacts is the loss of landscape connectivity.  When habitats are no longer connected, this impacts the movement of wildlife and potential loss of access to key habitats for survival as well as direct mortality from roadkill (Forman et al. 2003).  Roads also may impact areas over 100 meters beyond the actual road surface by causing changes in hydrology (altered streams and wetland drainage, acceleration of water flow and sediment transport), increases in pollution, changes in salinity in nearby water bodies from road salt, and providing opportunites for invasion by invasive species (Forman & Deblinger 2000; Forman & Alexander 1998).
Although freshwater wetland loss has been primarily from agriculture, coastal wetland loss has been primarily from building development and road construction.  Salt marshes have been filled, particularly with dredge spoils from the maintenance of shallow waterways for increasingly large ships; these “reclaimed” areas are often later developed.  The New England coast has lost about 37% of its original salt marsh with Rhode Island experiencing the highest loss (53%), and Maine the least (<1%). Much of the destruction was probably related to urban growth.  The area around Boston, for example, has lost 81% of its original salt marsh (Bromberg & Bertness 2006).  In other cases during most of this century public transportation projects, such as highways and railroads, were built on filled marshes.  Not only did this reduce marsh area, but reduced the access of tides to the marshes.  Road crossings restrict tidal flows causing a variety of problems including erosion, loss of native vegetation and shellfish, water quality degradation and creating favorable habitats for the invasion of Phragmites australis (Forman et al. 2003; Bertness 1999).


Altered Hydrologic Regimes (water withdrawal, dams)
Many land-based activities and attendant water consumption have fragmented and degraded aquatic habitats by altering natural hydrologic patterns.  Deforestation, dams, water withdrawal, tidal restrictions (culverts associated with transportation) are examples of common activities that have caused increased sedimentation, modification of the stream channel habitat, flow and temperature regime alteration, eutrophication, and other chemical contamination.  Degradation of stream ecosystems occurs early in the process of watershed urbanization.  Many studies show that when 10% of surface cover in a watershed becomes impervious (roads, parking areas, etc) degradation of aquatic communities occurs (Beach 2002).   For example, some macroinvertebrate species critical to stream food webs (e.g. mayflies, stoneflies, and caddisflies) are sensitive to urban contaminants and habitat disturbance.  Declining abundance of these vulnerable species has been documented even where urban development represents only three percent of the watershed and population density is less than 300 people per s.q. mile.  The USGS considers streams “fully degraded” where urban areas cover about 20% of the watershed and population densities are about 3,000 people per sq.mile (Coles 2004).  
Former land use patterns have significant and long-term effects on the biotic communities of rivers and coastal waters.  For example, Harding et al. (1998) found that whole watershed land use in 1950 was the best predictor of present day diversity in stream invertebrates and fish, whereas more recent riparian land use and watershed land use in the 1990s were comparatively poor indicators.  These and other findings suggest that past land-use activity, particularly agriculture, may result in long-term modifications to and reductions in aquatic diversity regardless of the recent reforestation of riparian zones (Harding et al. 1998).  These results challenge the assumption of rapid recovery by stream communities drawn from research on short-term catastrophic disturbances such as experimental manipulation, floods, logging, and point source pollution.  Research on historic land use patterns is showing that high impact or sustained anthropogenic alteration, such as continuous agriculture, may profoundly alter biotic communities and the effect of this disturbance may be persistent (Harding et al. 1998).  Although agriculture is usually considered (by unit area) to be less detrimental to aquatic habitats than urban areas, only natural cover maintains the necessary hydrologic regime (Fitzhugh 2000).
Given the hundreds of dams in the ecoregion and the presence of diadromous fish, dams are particularly noted in NAC as a key threat (Figure 2).  Dams, and even less significant structures like culverts, create barriers to upstream and downstream migration, a critical movement between natal/spawning areas and later life history stages.  These restrictions lead to both upstream and downstream changes in flow, temperature, and water clarity.  Additionally they sever terrestrial-aquatic linkages critical for maintaining the flooding regime of riparian and floodplain communities and trap sediment important to maintaining coastal barrier systems.
In 1993, a worldwide survey of large northern rivers found all large rivers of NAC are moderately to strongly affected by impoundments, with the Hudson and Delaware moderately affected and the Connecticut, Androscroggin, and Kennebec strongly affected (Dynesius and Nilsson 1994).   A 1998 study of stream habitat for diadromous fish in the U.S. Atlantic coast watersheds found dams caused the restriction or loss of 91% of stream habitat within the historic unrestricted range of the North Atlantic region from Maine to Connecticut and a loss of 88% of habitat in the Mid-Atlantic region of New York through Virginia (Busch et al. 1998) (Figure 2).
Rapid human population growth in NAC has led to an increased demand for water.  Water withdrawal has led to water level drawdown in coastal plain pond ecosystems as well as small coastal rivers.  Water stress in agricultural and urbanized watersheds may also cause perennial streams to become intermittent, stress riparian vegetation that requires access to permanent water supply, cause shrinkage of riparian corridors and shift the composition of streamside vegetation (Lammert & Allan 1999; Wang 1997; Trautman 1981).  For example, the Ipswich River, on the north shore of Massachusetts, has become the national poster child for water withdrawals for suburban lawn irrigation that have caused the river to periodically run dry in the summer months.  Salt water intrusion may be another impact in some cases.
Succession/Interrupted Disturbance Regimes

Early successional habitats such as coastal grasslands, heathlands, shrublands, woodlands and pitch pine-scrub oak barrens support the greatest concentrations of rare or uncommon species in the Northeast, and have been a high priority for conservation (Motzkin and Foster 2002).  Despite protection from development of considerable coastal acreage, many characteristic early successional habitats and the species they support are declining at a precipitous rate.  These habitats require natural disturbances such as fire and salt spray for their perpetuation (Lorimer 2003).  Grazing by sheep and cattle also played an important role in creating and maintaining early successional coastal habitats (Motzkin and Foster 2002). 

In the absence of appropriate disturbances, these open habitats (tree cover <60%) typically close in with dense brush and trees (primarily native), and may become closed canopy forests in a matter of a few years to a few decades (Dunwiddie 1994; Jordan et al. 2003).  As a result, plants and animals characteristic of grasslands, heathlands, shrublands and barrens are in much greater jeopardy of local extirpation than are interior forest species (Motzkin and Foster 2003).  In order to reverse this downward trend, immediate and sustained management with prescribed fire, cutting, mowing, and in some cases possibly grazing is urgently needed.  Although conservation organizations and governmental agencies are engaged in fire management, this management has not often reached the appropriate scale for restoration of these targets due to lack of funding and trained personnel.  Former intensive land use activities, including agriculture, have also played a role in creating the habitats we seek to maintain and restore and need to be considered in restoration efforts (Foster & Motzkin 2003).  The longer management is delayed, the more difficult restoration of formerly open habitats becomes.

Periodic understory fire was also important in the development of eastern oak forests.  Fire often reduced the overstory and understory tree densities sufficiently to allow regeneration of shade-intolerant oak species (Signell et al. 2005; Abrams 2005).  Fire also prevented thinner barked, fire sensitive, later successional hardwood species such as red maple, sugar maple, black birch, beech, black gum and black cherry, from replacing oaks.  “The leaf litter of these replacement species is less flammable and more rapidly mineralized than that of the upland oaks, reinforcing the lack of fire...” (Abrams 2005), and makes the restoration of natural fire regimes more difficult.  Hurricanes and severe wind events also cause blowdowns that open forest canopies; such events may increase due to climate change.  Although blowdowns increase light levels, which may allow more oak regeneration, blowdowns do not suppress competition from later successional tree species.  Greater investment is urgently needed to increase the capacity of agencies and organizations to restore and manage disturbance dependent habitats.  A suite of tools will be needed, including mechanical, chemical, biological and prescribed fire.

Nutrient Enrichment and Pollution

Nutrient enrichment or eutrophication of coastal ecosystems is an important stress on many coastal areas in the Northeast.  Elevated nutrients in streams can result in excessive algal growth, decreased light penetration, low concentrations of dissolved oxygen, and loss of desirable flora and fauna either through displacement or mortality.  (Fish kills are among the most apparent losses.)  Harmful algal blooms, such as red tide, have been increasing in area and extent in recent years, with a severe outbreak of red tide in 2005 in the Gulf of Maine that caused significant closures of shellfish beds.  It is hypothesized that these increases are caused by increased nutrient loading (Hallegraeff 1993 and Anderson 1995 in Driscoll et al. 2003).  Nitrogen is the limiting element in coastal systems whereas in freshwaters systems, phosphorus is the most limited nutrient.  Riverine discharges of nitrogen to coastal waters are reported to have increased 5-20 times since pre-industrial times due primarily to increased human population and atmospheric deposition (Carpenter et al. 1997).  Major sources of nitrogen and other non-point source pollution in agricultural watersheds include animal wastes, human wastes (commonly from failing septic systems or inadequate wastewater treatment), fertilizers, pesticides, and herbicides.  Municipal wastes and fertilizers are also significant nutrient sources from urban areas.  In New England alone, nearly 2,000 water bodies do not meet designated uses due to nutrient and organic enrichment (Coles 2004).  According to a study by the NOAA in 1999, of the 21 estuaries studied in NAC, 62% were classified as moderately to severely degraded by nutrient over-enrichment (Bricker 1999).  Nitrogen enrichment in Long Island Sound has led to both eutrophication and enrichment in recent years and in Waquoit Bay, Massachusetts eelgrass went from nearly covering the bay floor (over 30 ha) to less than 10 ha between 1951 and 1992 due to nitrogen enrichment (Driscoll et al. 2003).

Although chemical contamination in rivers has improved since 1970, rivers draining highly urbanized watersheds such as NAC still contain elevated levels of nutrients, persistent organic chemicals (DDT, PCBs, PAHs), and trace elements such as chromium, copper, cadmium, led, mercury, and zinc.  These concentrations often exceed the guidelines for protection of aquatic life (Coles 2004).  Elevated levels of persistent organic chemicals are also commonly detected in streambed sediments of urban rivers in New England at concentrations that could pose risks to aquatic life as many are known or suspected carcinogens (Coles 2004). Elevated concentrations of mercury in fish are particularly noted, as the New England coastal, Long Island, and N.J. coastal drainages were among the 5 watersheds in the U.S. with the highest methylmercury concentrations in nationwide study (Krabbenhoft et al. 1999).  Although the dominant sources of many trace elements include vehicular traffic and current or historic wastewater point sources discharges, the atmosphere is noted as the dominant source of mercury in streams in the eastern United States (Krabbenhoff et al. 1999).

Atmospheric deposition of sulfur dioxide and nitrogen oxide is also a critical threat to aquatic ecosystems due to the effect these chemicals have on lowering the pH in aquatic systems.  As the pH in a lake or stream decreases, aluminum levels increase and becomes directly toxic to aquatic species.  Streams flowing over soil with low buffering capacity are more susceptible to damage from additional acidic inputs from atmospheric deposition because they lack any natural capacity to buffer these chemicals; many streambeds in the NAC ecoregion are particularly susceptible because the underlying bedrock and surficial material are poor buffers.  In the New Jersey Pine Barrens, over 90 percent of the streams are classified as acidic impaired, the highest rate of acidic streams in the nation (EPA 2006) (Figure 3).  Other areas of the region that are especially sensitive include Southeastern Massachusetts and Rhode Island.


Oil spills are a significant, but unpredictable threat to coastal ecosystems.  The densely populated ecoregion demands consistent supply of fossil fuels for energy, heating, and transportation; most of this supply is delivered by oil tankers traveling along the coast and into the population centers.  In April 2003, 98,000 gallons of oil spilled into Buzzards Bay, Massachusetts from a tanker that ran aground. The spill caused a 13-mile oil slick and was the second largest spill in the bay’s history.  The spill occurred during the nesting season for coastal waterbirds and fouled all of the nesting beaches in the bay (Buzzards Bay Natural Estuary Program).  The full scope of damage is still being assessed, but over 90 miles of shoreline were impacted as well as numerous bird species and recreational use of the bay (shellfishing and boating). 


Invasive Species/Pests and Pathogens

Introduced species compete with indigenous species for food and habitat, reduce native populations through predation, transmit diseases or parasites, dilute the native gene pool by hybridizing, and alter habitat.  Introductions and expansions of nonindigenous species pose an increasing threat to aquatic systems and are usually extremely difficult if not impossible to undo.  Terrestrial and aquatic systems have been invaded by diverse taxa including plants, fish, amphibians, reptiles, mammals, mollusks, crustaceans, and sponges.  Although not all introductions result in established populations, some of the most problematic and invasive species have flourished.  Exotic plant pathogens and pests can be introduced through international trade routes or carried by the nursery industry, such as the fungus that causes sudden oak death, and have the potential to heavily impact our oak woodlands and forests (USDA 2002).  The common reed Phragmites is a ubiquitous invader of disturbed coastal wetlands throughout the central Atlantic and New England.  Tidal flow restrictions and eutrophication of coastal wetlands both encourage the invasion of this species which can out compete and displace many native marsh plants and ultimately, as biomass accumulates and marsh plants disappear, convert salt marsh habitats into upland environments (Bertness 1999).  

Another threat posed by non-native species is that of introduced human and plant pathogens and the diseases they cause.  Efforts to control disease vectors have been destructive to native species in direct and indirect ways.  With human health scares such as West Nile Virus and Equine Encephalitis on the rise, there will be continued public pressure to spray insecticides.  In addition to eradicating the targeted mosquitoes, much of this spraying can kill native invertebrates (Appendix 6).    

Millions of acres in the Northeast were sprayed with the chemical biocides (DDT and carbaryl) for gypsy moth control from the 1950s through the 1970s with little concern or documentation of non-target impacts (Doane and McManus 1981).  Comparable acreages were sprayed in the 1980s and 1990s with diflubenzuron (trade name Dimilin®) and Bacillus thuringiensis var. kurstaki (Btk).  This spraying was more carefully targeted than the earlier spraying, and generally covered only a portion of the landscape in a given year, but long-term impacts are poorly understood.  Populations of most Lepidoptera, and presumably other affected species, appear to rebound from chemical spraying within a year or two (Wagner et al. 1996).  However, a few especially sensitive species may take more than 2-3 years to recover, or may fail to do so if recolonization is impossible (Peacock et al. 1998; Wagner et al. 1996; Boulton and Otvos 2004).
Although widespread spraying no longer occurs in the NAC ecoregion, traditional chemical pesticides, and to a lesser extent Btk continue to cause local mortality of native Lepidoptera.  Extirpation of populations of native species may occur if these agents are applied to the entirety of isolated habitats, such as pitch pine-scrub oak barrens, bogs, swamps, and fens.  Localized extirpations of Pyrgus wyandot (Appalachian Grizzled Skipper) and Erynnis persius (Persius Duskywing) coincided with periods of maximum spraying (depending on location from the late 1950s to early 1990s) include (Schweitzer, 2004).  There is some hope for recovery.  Beginning around 1999, many moth species that had been reduced or eliminated by past pesticide spraying and/or C. concinnata began to increase in abundance from northern Delaware through New Jersey, Long Island, Massachusetts and beyond.  The cause of this recovery is not yet known.
Unlike chemical biocides or Btk which degrade within days to at most a year, impacts of biological control agents (positive or negative) will not be confined to the release area, and may be long lasting. Thus careful, rigorous testing for host specificity should be carried out before release.  Such testing was never conducted before repeatedly introducing the generalist parasitic fly Compsilura concinnata for control of gypsy moths and other pests between 1906 and 1986.  Since these intentional introductions, Compsilura has been documented to parasitize the caterpillars of at least 180 lepidopteran species in North America (Boettner et al. 2000; Amaud 1978).
Recreation

The North Atlantic Coast is a major tourist destination area during the hot summer months.  The increased population pressure present on the coasts during these periods contributes to many major threats as well as introduces people and their vehicles into many areas that are largely undisturbed throughout the rest of the year.  The summer migration of people and their pets to the beaches and ponds corresponds with the nesting period of many migratory coastal waterbird species.  Many states in the region allow off-road vehicle use during much of the year, including on nesting beach areas, which can lead to direct mortality of species that live on the surface or burrow beneath the beaches.  Ecosystems primarily affected by recreation include barrier beaches, dunes, and coastal plain ponds; nearshore estuarine systems are also susceptible to marine-based recreation such as increased boat and jet ski use.  Regulations to protect some species including the federally-threatened Piping Plover, have been successful in increasing populations of nesting shorebirds, despite heavy human use of beaches.
Climate Change

Recent models indicate that global warming will change the climate of the ecoregion and interrupt coastal processes.  Although the Northeastern U.S. has the lowest projected warming, temperatures are forecast to rise anywhere between 4-9°F (Barren 2000).  New England’s climate is already giving strong indications that temperature and precipitation are increasing, particularly along the coast.  New England and New York temperatures have risen 0.4oF over the past century with the highest temperature change in Rhode Island and no temperature changes occurring in Maine (Zielinski & Keim 2003).  Zielinski and Keim (2003) hypothesize that this is due to the increasing urbanization in coastal areas causing urban heat islands as well as increases in coastal water temperatures.  Southern New England has also seen a 25-30 percent increase in precipitation over the last 100 years, probably due to shifting storm tracks (Zielinski & Keim 2003).  

Increasing water temperatures are likely to exacerbate and compound pollution stresses in our coastal systems (Barron 2000).  Temperature increases will also be exacerbated by low stream flows that currently exist and are predicted from high water withdrawals for human consumption as the coastal population increases.  The smaller volumes of water remaining in streams will be more vulnerable to temperature fluctuations.  Local extirpation of cold-adapted species is projected as summer temperatures rise in streams already near the thermal tolerances of their inhabitants.  Changes in freshwater delivery rates due to altered precipitation patterns along with temperature could affect coastal salinity having significant effects on estuarine systems and the species they support.  Increasing salinity from sea level rise could alter the distribution of freshwater, brackish, and estuarine habitats in coastal rivers and lead to corresponding species shifts in distribution and abundance.  The amount, timing, and variability of stream flow will also likely change as already many coastal streams are more affected by extreme winter rain events than historically dominant spring snow melt patterns.  Heavy precipitation events also overtax water treatment plants and increase run-off, leading to increased pollution (Barron 2000).  
Global warming is also likely to extend the summer recreational season and its associated impacts on ecosystems as well as increase or expand the range of disease vectors such as mosquitoes and alter terrestrial fire regimes.  While a few centuries ago coastal systems could respond to changes, the current fragmented, developed, and heavily-populated coasts will likely be less resilient to the impacts of climate change, resulting in a net loss and increased impairment of coastal systems.
Sea Level Rise
Sea level rise is a direct consequence of climate change.  Sea level rise estimates for the next century for the East Coast range from a low of 10 cm to a high of 90 cm with a projected average increase of about 50 cm.  Sea level rise is caused by several factors including the increased volume of warmer marine waters, sinking of the coast, and sediment compaction.  As sea level rises, coastal processes such as storm surge will be greater and this will severely impact barrier islands which are already decreasing in area (Psuty in TNC & EDF 1999).  Currently over two-thirds of the Massachusetts shoreline is eroding, from both natural and human causes (WHOI Sea Grant 2003).  Most other states in the ecoregion are also experiencing serious erosion both from sea level rise as well as from coastal development, shoreline armoring, channel maintenance, and increased storm frequencies and intensities due to global climate change.  Vulnerability to sea level rise is projected to be highest in the southern portions of the ecoregion (Figure 4). 


As the rate of sea level rise increases, salt marshes that depend on the gradual accretion of sediments, organic biomass and nutrient pools may not be able to accrete fast enough to avoid conversion to sparsely vegetated mudflats or open water.  A transition to a more open estuary would increase the amount of water entering and leaving the estuaries during a tidal cycle leading eventually to tidal inlets that expand and sequester more sand.  Sand sources from adjacent barrier beaches will diminish resulting in dramatic erosion and shoreline retreat.  (Fitzgerald 2006).  Likewise, higher sea level coupled with the possibility of increased winter storms and their associated erosion is likely to result in the destruction of barrier islands, reducing available beach habitats as well as concentrating and thereby intensifying recreational use on those remaining beaches (Fitzgerald 2006).   While these changes are hypothetical they are rooted in historical patterns and we should anticipate that landowners will respond with soft and hard armoring techniques as well pressuring municipalities for beach nourishment projects.  In the past, efforts to stabilize shorelines have led to unpredictable coastal changes as they interrupt sediment sources, change sand distribution, and alter wave energy patterns (Schwab in TNC & EDF 1999; WHOI Sea Grant 2003).
In sum, the region faces many major threats.  Some of them are land use in nature and can be addressed by protecting and conserving important areas such as those outlined in this ecoregional assessment. Others are much more insidious and can only be addressed by concerted action at many sites (pests and pathogens, for example), at a policy level (climate change, atmospheric deposition, for example), and by concerted stewardship of protected natural areas (management of recreation as well as fire management). Even the most effective land conservation programs will be insufficient to insure the maintenance of the biological diversity of the region without attention to a broader array of threats and strategies well beyond land protection.


Figure 4:  Coastal vulnerability in NAC
V. Recommendations for Conservation Action Planning and Other Planning Efforts in the North Atlantic Coast Ecoregion
Conservation Action Planning
The conservation action planning (CAP) process is the primary method of site design, however, a challenge as one starts this process is to both pick the systems or targets and thus choose the appropriate scale of the site.  As ecoregional planning has improved in sophistication, sites have grown to include matrix forests, aquatic systems, modeled communities as well as traditional species and community element occurrences.  The goal is now to preserve functional sites and in particular functional landscapes that maintain focal species, communities, and/or ecological systems, and their supporting ecological processes within their natural ranges of variability.  Functional landscapes typically provide more habitat, greater habitat diversity, and larger populations of known and unknown species and therefore may also offer greater protection against global change.  In addition, functional landscapes may be more efficiently conserved than many small widely dispersed sites.  Although all conservation areas in a portfolio should be functional, not all will be functional landscapes.  The decision to expand the scale and scope at any area should be based on sound scientific data and good judgment (Poiani et al. 2000).  
In general, the creation of a site boundaries from data generated in ecoregional planning is an iterative process, particularly for large sites with many targets.  Site boundaries are mainly relevant to targets.  Threats affecting the site may occur far from the site (e.g. acid rain) and strategies may be applied outside your site boundaries to affect targets within your sites (e.g. a government relations strategy applied statewide that may affect your site).  Site boundaries are necessary to avoid site “sprawl” and keep the focus on what is most important to conserve, however, they can also be restrictive and keep you from thinking more broadly about the site.  You may want to think of them as “soft” boundaries for the purpose of mapping and prioritization, rather than rigid boundaries.  For example, you may not be working everywhere within a site boundary for a large site, but will have to prioritize your actions (e.g. develop core and buffer strategies within a forest, or develop a land protection plan to prioritize parcels) to better focus on the ground effort.  Or your site may have several non-contiguous parts within intervening areas where you are not working.  While doing CAP planning, you may identify some initial targets and target boundaries; however, as you develop key ecological attributes and complete the threats and strategy analyses, your boundaries may change. You may also find that as you update your conservation action plan, new targets and ecological integrity assessments will change the boundaries of the site.
1.  Data compilation:  The portfolio map generated by the ecoregional plan is a good place to begin to outline a rough site boundary for planning efforts.  Many of the potential targets and threats can be mapped using a range of layers before conservation planning begins.  Data available for planning include a huge range of layers many of which can be obtained from ECS (or is on a provided ecoregional CD).  Examples of maps using many of these layers are shown through this plan and possible data layers available are listed in Table 1.

Table 1. Data Sources for the NAC Ecoregion

	Data Layers 
	Readily available?

	Bedrock geology 
	Y

	Surficial geology 
	Y

	Digital elevation models:  30 m & 90 m 
	Y

	Landforms 30 & 90 meter 
	Y

	Ecological Lands Units (ELUs) 
	Y

	Landcover:  30 m 
	Y

	Ecological Systems/Communities map 
	Y

	Ecological Community book
	Y

	Hydrography 
	Y

	Aquatic macrohabitats 
	Y

	Aquatic systems 
	Y

	Dams & diversions 
	Y

	Toxic release points 
	Y

	Roads (Tiger & GDT)
	Y

	Road/water–bounded blocks
	Y

	Element occurrences (not distributable)
	

	Managed areas (ranked)
	Y

	Population growth trends
	Y

	Soils (county)
	

	Land ownership
	

	Forest history, condition, structure
	

	Exotics
	

	Development trends
	

	Heritage survey info
	

	Detailed roads: traffic volume, surface,
	

	Canopy cover
	

	Stream habitat (fine-scale) pool, riffle,
	

	Run, canopy cover etc
	

	Fire models: fuel loads, burn units etc.
	

	Disturbance models
	

	Time sequence
	

	Hydrology models
	



2. Mapping: The data layers described above may be intersected to analyze the spatial patterns between the systems, stresses and sources.  A sample map of targets at a Massachusetts site is provided (Figure 1).  The threats chapter of this plan also gives some examples of threat data layers that may be overlaid with target boundaries.

3. Conservation Strategy Development:  Use the CAP planning process and maps generated to generate conservation strategies.

Figure 1:  Map of conservation targets for Plymouth Pinelands site, Massachusetts.

Relationship of NAC Plan to Other Planning Efforts

2015 Goal and Northeast Region Planning

By 2015, The Nature Conservancy will work with others to ensure the effective conservation of places that represent at least 10% of every Major Habitat Type on Earth.   To help achieve the 2015 goal, three-year regional implementation plans will launch conservation strategies and actions capable of producing measurable outcomes in priority ecoregions by 2015.  Regional plans will focus on closing conservation gaps in “opportunity ecoregions” in major habitat realms <10% as well as focus significant effort on preventing imminent biodiversity loss in selected “crisis ecoregions” (of which NAC is one).  In addition, plans will describe the region’s major strategies and resource allocations between major strategies and other work being done in the Region.  In 2005, key strategies to protect forests, freshwater, coastal/marine and migratory fish were developed.  The process and strategies are described in the 2006 Eastern US Conservation Region (EUSCR) Regional Plan for the 2015 Goal.  These strategies and others are currently being reviewed under the Regional Implementation Plan, a process in which all regions are participating.  Collectively, these plans will constitute The Nature Conservancy’s initial institutional commitment to the 2015 Goal.

Marine Ecoregional Plan

A marine ecoregional planning process for the North Atlantic was started in 2004, but ended after a year due to lack of funding for the project.  Two marine ecoregions overlap with NAC including the Virginian Province (Cape Hatteras to south Cape Cod) and Gulf of Maine/Bay of Fundy (Great South Channel to Bay of Fundy) and will likely extend out to the continental shelf (~200 m isobath) perhaps including canyon heads and close seamounts.  The EUSCR has recently recommitted to the project and is in the process of hiring a marine regional director to coordinate the completion of this plan.  There may be some overlap of targets between NAC and the marine plan in nearshore areas.  NAC includes analysis of tidal areas primarily with rooted vegetation (e.g. salt marsh), but does not venture into deeper water. 

Efroymson Workshops and Other Multi-site Planning Efforts.

Over the last few years there have been several Efroymson conservation planning workshops that have focused on sites in the NAC ecoregion.  These include a Salt Marsh Efroymson led by Susan Antenen and Greg Low (including two sites in NAC – Long Island’s South Bay and the north shore of Massachusetts); a Bays and Estuaries Efroymson with NAC sites including Little Narragansett Bay in RI, the Lower Connecticut River in CT, Great Bay in NH, and offshore areas south of Cape Cod to Long Island Sound; a Long Island Efroymson led by Marci Bortman; and a Freshwater Efroymson led by Mark Smith and Greg Low that included the Taunton River in Massachusetts and Pawcatuck River in Rhode Island.   These Efroymson workshops have used TNC’s Conservation Action Planning process in a peer review setting to develop key ecological attributes, threats and strategies across multiple sites.  Because many of the targets examined in these planning efforts are also common at other sites, team leaders should be contacted to obtain information before other similar planning efforts are started.

In addition an “Edge of Ice” planning effort is also underway. The ‘Edge of Ice’ describes the set of islands, glacial moraine ridges and basins that are unique along the North American coastline within NAC from Long Island to Cape Cod.  There are conservation targets – species, ecological communities and processes – that are shared across this geographic area.  Examples include piping plovers that require nesting habitat across a broad spatial scale, shellfish that provide ecosystem services in ponds and estuaries, and coastal ponds, beaches and bays that share a common geologic and ecological history.  There are serious threats – climate change and sea-level rise, habitat loss, invasive species – that are affecting the viability of the lands and waters in similar ways across the Edge of Ice.  Lastly, and importantly, the people who live across the Edge of Ice also have much in common – shared culture & history, a similar self-image and strong sense of place.  Desired outcomes for this planning process are for institutional recognition and support for collaborative efforts across this land- and seascape, increased resilience of aquatic and terrestrial systems that are represented across the Edge of Ice and testing strategies for ecosystem adaptation to climate change (and, specifically, sea-level rise).

VI. Glossary
Applied goal:  The numeric and geographic distribution goal for a target that is actually used to assemble the portfolio in an ecoregional assessment process.  The applied goal may be the same as the conservation goal, or it may be a set of smaller quantities and/or geographic distribution based on practical considerations that prevent the application of the conservation goal (for example, the use of computer models that limit the applied goal to the quantity of target occurrences that are actually known and available for representation in the portfolio).  The applied goal is expressed in the same unit of measure that is used to quantify occurrences of the target. See also conservation goal.

Assessment area:  The geographic area—usually having ecologically defined boundaries—that is the focus of an ecoregional assessment or plan.  Assessment areas are usually ecoregions or watersheds, but may also be aggregations of ecoregions.  See also ecoregional assessment area and ecoregion.

Attribute:  See also data attribute.  In a data set or data layer, an attribute is any of the categories of information that together constitute the structure of the data set.  Attributes have a specific value for each record in the data set.  For example, pH might be an attribute in a soils data layer; for a particular soil type in a particular area delineated by a polygon (one record in the soils data set), the pH attribute could have a value such as 6.3.

Biodiversity:  The full variety of species, communities, and ecological systems or ecosystems found in a particular environment or habitat.

Centroid:  The averaged center of an irregularly or regularly shaped polygon.

Coarse scale:  The coarse geographic scale at which some conservation targets occur and function; coarse scale for species is roughly defined as 20,000 - 1,000,000 acres, 4th order and larger river networks, or >2,500-acre lakes.  Coarse scale for terrestrial communities and ecological systems is 20,000 - 1,000,000 acres, and for aquatic systems 4th order and larger river networks, or >2,500 acre lakes.  Coarse scale for marine communities and ecological systems is >100,000 acres.  See also local scale, intermediate scale, and regional scale.

Coastal Unfragmented Block (CUB):  CUBs are at least 1,000 acres of unfragmented natural land cover identified in GIS.  They are intended to represent the best remaining unfragmented natural land cover in the ecoregion and support and buffer other types of conservation targets.

Conservation area:  A geographic area indicating the location of occurrence of conservation targets, resulting from an ecoregional assessment process; the area is roughly delineated to contain viable examples of conservation targets that are necessary to meet the conservation goals of those targets.  Previously, The Nature Conservancy’s preferred term was area of biodiversity significance (Groves et al. 2000).  Site or conservation site were also used.  The collection of conservation areas that results from a single ecoregional assessment is referred to as a portfolio. Conservation area boundaries resulting from an ecoregional assessment are preliminary, first approximations that are intended to be refined within conservation project plans.

Conservation goal:  In ecoregional plans or assessments, the ecologically based number (numeric goal) and geographic distribution of occurrences of a target species (distribution or stratification goal), community, or ecological system that are needed to maintain the long-term viability of that target within an ecoregion; a conservation goal is a science-based, initial hypothesis of the minimum number and distribution of occurrences required, taking into account factors such as species distribution, metapopulation requirements, the consequences of catastrophic events, and the need to maintain environmental and genetic variability.  See also applied goal.

Conservation action plan:  Formerly known in The Nature Conservancy as site conservation plan or conservation area plan.  An iterative, adaptive plan for one or more conservation areas or projects that identifies the area’s conservation targets, their biological requirements, and their threats, and uses that foundation to develop two other components: (1) a series of strategies that will mitigate or abate the threats so that the viability of the targets is maintained or improved; and (2) a series of measures or indicators that determine whether the strategies were successful.

Conservation targets:  Specific components of biodiversity (such as individual ecological systems, plant communities, species, or other ecological features) around which ecoregional portfolios are designed and conservation strategies developed and prioritized; see also target.

Data attribute:  See also attribute.  In a data set or data layer, an attribute is any of the categories of information that together constitute the structure of the data set.  Attributes have a specific value for each record in the data set.  For example, pH might be an attribute in a soils data layer; for a particular soil type in a particular area delineated by a polygon (one record in the soils data set), the pH attribute could have a value such as 6.3.

Eastern U.S. Conservation Region:  A Nature Conservancy administrative region that includes states from Virginia to Maine.

Ecological integrity:  See also integrity.  Ecological integrity is a term applied to communities and ecosystem targets.  It is the capacity to support and maintain a functional and ecological system that has its full range of expected biotic elements and processes (Karr and Chu 1995).   A target possessing integrity can withstand and recover from most natural and human perturbations.

Ecological Drainage Unit (EDU):  EDUs delineate areas within a zoogeographic sub-region/freshwater ecoregion that correspond roughly with large watersheds ranging from 3,000–10,000 square miles.   EDUs were developed by aggregating the watersheds of major tributaries (8 digit HUCs) that share a common zoogeographic history as well as local physiographic and climatic characteristics.   Ecological drainage units are likely to have a distinct set of freshwater assemblages and habitats associated with them.
Ecological Land Unit (ELU):  ELUs are unique combinations of:  1) elevation; 2) bedrock and surficial geology; and 3) landform classes.  ELUs are generated using GIS at the 30 m pixel scale across the ecoregion, and the unique combination of within-block ELUs are classified using standard multivariate software.  This allows the identification of unique forest landscape combinations that can be used as surrogates for natural community types that are not known on the ground.

Ecological system:  A dynamic assemblage of native plant and/or animal communities that occur together on the landscape or in the water, and share ecological processes (e.g., fire, hydrology), underlying environmental features (e.g., soils, geology), or environmental gradients (e.g., elevation).

Ecoregion:  A relatively large geographic area of land and water defined by similar ecological

characteristics, such as similar climate, geology, landforms, or other shared environmental characteristics.  Ecoregions may be delineated as freshwater ecoregions, terrestrial ecoregions, or marine ecoregions. 

Ecoregional assessment:  Formerly referred to as an ecoregional plan; known by some partners as a conservation blueprint.   A process of developing conservation priorities for an ecoregion using the following general steps:  (1) identifying conservation targets that represent the full native biodiversity of the ecoregion; (2) setting conservation goals that specify the number and distribution of viable target occurrences needed to maintain the long-term viability of those targets in that ecoregion; (3) identifying viable occurrences of the targets; (4) assembling or selecting a portfolio of conservation areas that efficiently meets all targets’ conservation goals using only viable occurrences; (5) further prioritizing within the portfolio, based on evaluations of threats to targets and other factors, to determine where conservation action should be taken in the short term.

Ecoregional assessment area:  An ecoregion, watershed, or other relatively large geographic area of land and water delineated by climate, vegetation, geology and other ecological and environmental patterns on which an ecoregional assessment is focused.  See also assessment area and ecoregion.  

Edition:  Assessment teams may find it necessary to assemble more than one version of a portfolio of conservation areas, based on (1) various lists of conservation targets and target occurrences (iterations), and (2) various landscape suitability or target goals schemes (scenarios). The final portfolio—based on a single iteration/scenario combination—is referred to as an edition of an ecoregional assessment.  See also iteration and scenario.

Element occurrence:  See also target occurrence.  Element occurrence is the term used by NatureServe and its member programs to describe the documented geographic location or area where a particular species, community, or other element of biodiversity was observed.

GAP:  A scale of 1 to 4 to categorize the degree of maintenance of biodiversity for each distinct land unit.  A status of "1" denotes the highest, most permanent level of maintenance, and "4" represents no biodiversity protection or areas of unknown status.  The characteristics used to determine status are as follows:  permanence of protection from conversion of natural land cover to unnatural (human-induced barren, arrested succession, cultivated exotic-dominated); amount of the tract protected, with 5% allowance for intensive human use; inclusiveness of the protection, (i.e., single feature such as wetland versus all biota and habitat); and type of management program and degree that it is mandated or institutionalized. 

Heritage:  A term used loosely to describe the network of natural heritage programs and conservation data centers of North and South America, or to describe the standardized methodologies used by these programs.  These programs are members of NatureServe; see www.natureserve.org/visitLocal/index.jsp.  See also NatureServe and its member programs.

Integrity:  Ecological integrity is a term applied to communities and ecosystem targets.  It is the capacity to support and maintain a functional and ecological system that has its full range of expected biotic elements and processes (Karr and Chu 1995).  A target possessing integrity can withstand and recover from most natural and human perturbations.

Intermediate scale:  The intermediate geographic scale at which some conservation targets occur and function; intermediate scale for species is roughly defined as 1,000 - 50,000 acres, 1st - 3rd order stream networks, or 250 - 2,500-acre lakes.  Intermediate scale for terrestrial communities and ecological systems is 1,000 - 50,000 acres, and for aquatic systems 1st - 3rd order stream networks, or 250 - 2,500- acre lakes.  Intermediate scale for marine communities and ecological systems is 10,000 - 100,000 acres.  See also local scale, coarse scale, and regional scale.

Iteration:  Assessment teams may find it helpful to assemble more than one version of a portfolio of conservation areas, based on varying lists of conservation targets and target occurrences.  One iteration of an ecoregional assessment is defined by the complete set of targets data (without goals, target viability thresholds, or target selection criteria) and the complete set of occurrence records for these targets.  One iteration may be assessed with multiple scenarios, each producing a portfolio of conservation areas, or one edition of the ecoregional assessment.  See also scenario and edition.

Key ecological attribute:  An ecological or biological characteristic of a species, community, or ecological system that is one of the primary determinants of its ecological and biological integrity, or health.  Within The Nature Conservancy’s conservation planning framework, key ecological attributes are grouped into one of three broad categories: size, condition, or landscape context.

Landscape Context or Landscape Context Index (LCI):  Landscape context is a viability assessment measure that refers to the relative amount of development, agriculture, roads or other fragmenting features within an area directly surrounding a specific occurrence.  It provides an estimate of the isolation of an occurrence as well as estimates of future encroachments on the occurrence.  To assess landscape context a landscape context index (LCI) was developed based on these features within a 1 kilometer radius surrounding the occurrence.  Base data layers included roads, high intensity developed lands, low intensity developed lands, agriculture, quarries, and natural cover.  An LCI below 20 indicates that the occurrence is primarily surrounded by natural cover.  Higher LCIs indicate increasing amounts of roads, development, and agriculture.  LCIs above 50 are usually rejected as critical occurrences unless expert review suggested that the occurrence was still viable.
Local scale:  The fine geographic scale at which some conservation targets occur and function; local scale for species is roughly defined as <2,000 acres, <10 river miles, or <250-acre lakes. Local scale for terrestrial communities and ecological systems is <2,000 acres, and for aquatic systems <10 river miles, or <250-acre lakes.  Local scale for marine communities and ecological systems is <10,000 acres.  See also intermediate scale, coarse scale, and regional scale.

Matrix block:  A conservation target of natural forest communities that cover the majority of the landscape and serve as the dominant supporting habitat for embedded terrestrial and aquatic conservation targets.  In NAC they are least 10,000 acres and are defined by large fragmenting features such as roads, powerlines, railroad lines, and large coasts or shorelines.  This size is set to ensure resilience from natural disturbances (e.g. hurricanes or fire) and support viable populations of interior nesting bird species.
Natural community:  An assemblage of species that repeatedly occurs under similar habitat conditions and environmental regimes.  Also referred to as a community or an ecological community.

NatureServe:  A non-profit conservation organization that provides the scientific information and tools needed to help guide effective conservation action.  NatureServe and its network of natural heritage programs are the leading source for information about rare and endangered species and threatened ecosystems.  See www.natureserve.org.

NatureServe and its member programs:  The network of NatureServe and individual member programs, including natural heritage programs or conservation data centers throughout the Americas.  See also Heritage.

Portfolio:  The suite of conservation areas within an ecoregion selected to represent and conserve the conservation targets and their genetic and ecological variation.

Regional scale:  The regional geographic scale at which some conservation target species occur and function; regional scale for species is roughly defined as >1,000,000 acres and/or migrating long distances.  The classifications used by The Nature Conservancy for terrestrial, freshwater, and marine ecological systems and communities do not define these systems at a regional scale. See also local scale, intermediate scale, and coarse scale.

Scenario:  Assessment teams may find it helpful to assemble more than one version of a portfolio of conservation areas, based on varying assessments of landscape suitability or target goal schemes, which constitute a unique scenario.  A scenario is a unique combination of (1) goals set for targets, (2) viability thresholds set for targets, (3) criteria for selection set for targets, (4) landscape suitability scheme applied to the ecoregional assessment unit, and (5) other modeling parameters, applied to an iteration of targets and occurrences to model the selection of conservation areas.  Multiple assessment scenarios may be applied to one iteration.  See also iteration and edition.

Stratification unit:  A geographic subset of an ecoregion or other assessment area; typically, stratification units are delineated as nested, progressively smaller geographic units within the larger ecoregion (e.g., Keys et al. 1995).  Spatial stratification is used to represent variation in each target’s genetic and ecological expression across its geographic range within the ecoregion, and to ensure long-term viability of the target by buffering against degradation in subsets of its range.

Subregion:  The largest unit of division within an ecoregion that indicates distinctive sections within the ecoregion that are unique in climate, soils, bedrock geology, vegetation zones and landform settings.  Subsections were used to set distribution goals for ecological system targets to ensure that ecosystems will be conserved across ecoregional gradients reflecting the above variation.  NAC is divided into four subregions.
Subsection:  The smallest unit of division within an ecoregion that indicates distinctive sections within the ecoregion that are unique in climate, soils, bedrock geology, vegetation zones and landform settings.  Subsections were used to set distribution goals for species targets to ensure that independent populations will be conserved across ecoregional gradients reflecting the above variation.  NAC is divided into 11 subsections.
Targets:  Specific elements or components of biodiversity (such as individual ecological systems, plant communities, species, or other ecological features) around which ecoregional portfolios are designed and conservation strategies developed and prioritized; see also conservation targets. Primary targets need more conservation action because its habitat requirements are unlikely to be adequately addressed via a coarse filter approach of conservation of representative ecosystems.  Secondary targets will usually be adequately protected by protecting habitat where the target occurs.

Target occurrence:  See also Element occurrence.  The mapped location where a particular species, community, ecological system, or other element of biodiversity that is a target in an ecoregional assessment was observed or modeled.

Viability:  The ability of a conservation target to persist for many generations or over long time periods.  A population’s ability to maintain its vigor and its potential for evolutionary adaptation (Soule 1987).  Population viability analyses (models) help determine the likelihood that a population will persist for a given amount of time.

Viability Screening:  Obtaining an estimate of long term viability for a population or occurrence by assessing a conservation target occurrence against criteria for size, condition and landscape context.
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LCI < 20 Occurrence is surrounded by primarily natural land cover





LCI > 50 Occurrence is surrounded by roads, development and agriculture
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G. Tidal Wetlands





G1. Salt and Brackish Marsh Wetlands in the North Atlantic Coast Ecoregion
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Mashomack Preserve, Long Island, NY  (photo: J. Lundgren 2005) 
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Distribution of freshwater wetlands in NAC
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Figure 2:  Dam locations in NAC





Figure 3:  Areas sensitive to acid deposition in NAC








� Grossman et al. 1998; Anderson et al. 1998; Maybury 1999. The NVC itself was developed from the classification work of state ecologists that has been reviewed and compiled into a single overarching framework. The framework is based on a modified version of the UNESCO world vegetation classification. 


� In Lower New England-Northern Piedmont and Northern Appalachian Ecoregions, the minimum size for matrix forest blocks was 15,000 and 25,000 acres, respectively.


� G1 refers to a global rarity rank where there are only between 1-5 viable occurrences of an element rangewide. G2 references a global rarity rank based on 6-20 viable occurrences rangewide, and G3 on 21-100 occurrences rangewide. Transitional ranks like G3G4 reflect uncertainty about whether the occurrence is G3 or G4 and T-ranks reflect a rarity rank based on rarity of a subspecies or other taxonomically unique unit (Maybury 1999).


� An Element Occurrence, or EO, is a geo-referenced occurrence of a plant or animal population or a natural community recorded in a Natural Heritage database.


�  A list of unresolved issues, including species with unresolved taxonomy, late additions to the list, or other issues, is included in Appendix 5.
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Shoreline Complexity Comparison
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