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Abstract  
Biological conservation is most effective when limited resources can be directed towards the species, 

habitats, and environmental processes of greatest need. Rare ecosystems support unique assemblages of 

specialized and/or diverse flora and fauna within a small geographic area or restricted range often represent 

vulnerable elements of biodiversity. The description, mapping, and assessment of rare ecosystems is a 

necessary and initial conservation action, yet this has not been completed for Alaska. Here we provide the 

first formal recognition of Alaskaôs rare ecosystems. Thirty-five ecosystems, representing different levels 

of ecological organization (plant associations and biophysical settings) and geographic scale are presented. 

In addition, a gap analysis was conducted to evaluate the systemsô current level of land management 

protection relative to their conservation need. Eleven of the mapped ecosystems are considered adequately 

protected, two are moderately protected, and 22 are less protected. Conservation ranks are incongruously 

aligned with land management protection levels such that the rarest systems are often not well protected, 

and the less-imperiled systems are often well protected. On the ecoregion scale, systems with arctic 

distributions are less protected than are those with boreal and maritime distributions. This rare ecosystem 

assessment complements species- and landscape-scale conservation studies previously completed for 

Alaska. Collectively, these assessments provide a comprehensive and thus precautionary approach to 

bioconservation in Alaska. More specifically the recommendations from these assessments provide a 

science-based strategy for biological conservation in a vulnerable region of the world. 
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Introduction  
From arctic tundra to temperate rainforests, numerous ecosystems span the broad and varied landscapes of 

Alaska. Ecosystems such as boreal forests and sedge wetlands cover extensive geographic areas of the state 

and are composed of common species assemblages. In contrast, ecosystems such as karst fens and lodgepole 

pine woodlands cover small geographic areas and support unique assemblages of species. Collectively rare 

ecosystems (Figure 1) offer an opportunity to understand conservation opportunities across the state.   Rare 

ecosystems often contribute disproportionately to regional biodiversity relative to their size, presenting a 

tremendous opportunity for conservation (Gaston 1994). However, these same systems may be poorly 

described and mapped, which has implications for their management, protection, and long-term persistence 

(Williams et al. 2007). Such geographically restricted ecosystems are likely to face more severe 

consequences and have a higher probability of extirpation from threats relative to widespread ecosystems 

(Cole and Landres 1996; Wilson et al. 2016). 

 

 
Figure 1. Rare ecosystems are found throughout the entire state of Alaska with some ecosystems overlapping. Areas 

of higher rare ecosystem concentration appear darker. 

 
In Alaska, remoteness preserves many ecosystems in pristine condition. Over 95% of the state is considered 

to have the highest level of ecological intactness (Reynolds et al. 2018), and only approximately 1,300 km2 

of urban development in the state (Trammell and Aisu 2015). Yet some naturally uncommon systems are 

in decline due to their intrinsic vulnerabilities or external threats.  



14 

 

Determining which elements of regional biodiversity are most vulnerable to threats is critical to their 

conservation (NatureServe 2015). Globally, the primary threat to conservation is habitat conversion (Meffe 

and Carroll 1997, Wilcove and Master 2008). While Alaska has been less affected by habitat conversion 

compared to other states (Duffy et al. 1999, Trammell and Aisu 2015, Reynolds et al. 2018) current and 

proposed large-scale natural resource extraction activities are affecting more area and habitat types across 

the state, increasing threats to both rare species (Carlson and Cortés-Burns 2013) and ecosystems. In the 

northern latitudes, climate change, rather than direct anthropogenic action, is arguably the primary driver 

of ecological change (ACIA 2005, Chapin et al. 2014). Climate change has the potential to threaten the 

persistence of individual species, as well as the ecology of communities and ecosystems of which they are 

part (Bjorkman et al. 2018). In just the last 30 years, there has been a +2 °C increase in mean annual 

temperature in the arctic biome (ACIA 2005) and temperature is predicted to continue to increase more 

rapidly than at lower latitudes (IPCC 2007; Chapin et al. 2014). Species, communities, and ecosystems 

already appear to be responding to these changes in climate. For example, there are numerous examples of 

increases in shrub and tree expansion in arctic and alpine tundra habitats around the state that in turn are 

driving alterations in ecosystem processes (Klein et al. 2005; Dial et al. 2007; Tape et al. 2006; Roland et 

al. 2013). In addition, climate change is influencing the frequency and severity of disturbances, such as 

insect outbreaks and wildfires (Soja et al. 2006; Chapin et al. 2008), and is likely affecting the rate of 

establishment of non-native species (Carlson and Shephard 2007; Sanderson et al. 2012). All of these 

phenomena pose a substantial risk to the current composition and function of rare ecosystems.  

Furthermore, lands managed for biological conservation may not encompass sufficient components of 

regional biodiversity. Early conservation efforts in Alaska were often directed towards alpine environments 

and unique landscape features (Racine & Anderson 1979, Racine & Young 1978, Scott et al. 2001, Young 

& Racine 1976, 1977), and as a result, currently-protected lands may neither coincide with areas of high 

terrestrial biodiversity (Smith et al. 2006), nor harbor individual species of conservation concern (Duffy et 

al. 1999).   

Rare ecosystems present a tremendous opportunity for conservation, because relative to their size, they 

often contribute disproportionately to regional biodiversity. Yet, owing to their infrequent occurrence 

and/or restricted distribution, these same systems are often poorly described and mapped, which has 

implications for their management, protection, and long-term persistence (Williams et al. 2007).  

In Alaska, rare ecosystems may be categorized 

by substrate (e.g. karst), geomorphic processes 

(e.g. mud volcanism), microclimates (e.g. 

south-facing slopes), or floristics (e.g. 

communities dominated by the rare poppy, 

Papaver gorodkovii). Generally, rare 

ecosystems that derive their existence from 

uncommon substrates or geomorphological 

processes (Figure 2) develop as larger-scale, 

persistent biological communities that reflect 

the interaction of physical setting and abiotic 

factors. Conversely, systems derived from unique microclimates or supporting uncommon floristic 

assemblages tend to be smaller scale, homogenous with respect to species composition, and potentially 

more ephemeral.  

 Figure 2. A mosaic of tidal marsh and mudflats across the Yukon-

Kuskokwim Delta, Southwest Alaska 
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Methods  

Ecosystem Assessment 
The identification and description of potentially rare ecosystems in Alaska was an iterative process drawing 

from the ecological research and expertise of many individuals. To the extent possible, publicly available 

data and standardized mapping and ranking methodologies were used to generate the distributions and 

assess the conservation status of the systems considered in this assessment.  

Identification of Candidate Ecosystems  

The biophysical settings and plant associations of conservation concern included herein were advanced 

from a larger pool of candidate systems either described in published literature or recommended by 

professional ecologists. Significant literature sources include The Alaska Vegetation Classification 

(Viereck et al. 1992), The Nature Conservancyôs (TNC) Alaska ecoregional conservation plans (Albert and 

Schoen 2006, TNC 2004, 2007), the National Wildlife Federationôs special ecological sites (Cline 2005), 

the Alaska Wildlife Action Plan (ADF&G 2015), the National Park Service (NPS) National Natural 

Landmarks Program (NPS 2009), Bureau of Land Management (BLM) Areas of Critical Environment 

Concern (BLM 2015), and U.S. Forest Service (USFS) land and resource management plans (USFS 2002, 

2008, 2016) and Research Natural Areas reports (Juday 1988, 1989, 2001). The list of candidate systems 

has been refined over numerous years through formal and informal discussion with ecologists with 

extensive experience in Alaska. Input has been solicited from the experts at the USFS, NPS, BLM, U.S. 

Fish & Wildlife Service (USFWS), ADF&G, TNC, and Audubon Alaska. Candidate systems that were not 

included here have been listed in the results section for future consideration. 

Identification and Classification of Candidate Ecosystems 

In this synthesis, we use two levels of classification to describe these ecosystems: the biophysical setting 

(BpS) and the plant association (PA). Biophysical settings represent the vegetation that dominates the 

landscape in the absence of human action for a specific physical environment and natural disturbance 

regime (Landfire 2013) and are similar in concept to ecological site descriptions (NRCS 2014) and potential 

natural vegetation (Kuchler 1973, Mueller-Dombois & Ellenberg 1974, Tüxen 1956). Common biophysical 

settings have been described for Alaska by the Landfire vegetation mapping initiative (Landfire 2013) and 

have been refined for arctic ecoregions by the BLM Assessment, Inventory and Monitoring project 

(Boucher et al. 2015). Plant associations are the finest level of vegetation classification, represent a 

community of definite floristic composition and uniform habitat (Flahault and Schroter 1910, Jennings et 

al. 2006), and have been used to classify vegetation across Alaska (Viereck et al. 1992, Raynolds et al. 

2005) and nationally (Anderson et al. 1998). As plant associations lack a successional component, the 

concepts differ with respect to heterogeneity, yet are complementary in that plant associations may be used 

to describe stages or states within successional sequences or transition models, respectively, which, in turn 

are represented by the biophysical setting. 

Ecosystems recommended for consideration were evaluated with respect to their representation on the 

landscape. Ecosystems intimately connected to substrate or geomorphic process were treated at the 

biophysical setting level; whereas systems defined by microclimate or floristics were treated at the plant 

association level. Where possible, plant associations of conservation concern were nested within a 

biophysical setting; plant associations were considered members of the same biophysical setting if they 

shared existing vegetation, successional relationships and environmental factors. Biophysical settings 
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supporting plant associations of conservation concern were by extension, identified as systems of 

conservation concern. Plant associations with no ecologically-meaningful connection to a greater 

biophysical setting of conservation concern were treated independently. In this document, we provide both 

new and updated descriptions for rare ecosystems developed from field sampling and comprehensive 

review of relevant literature including plant association classifications, ecosystem and succession 

descriptions, and landcover and ecosite maps.  

Spatial designations were assigned in accordance with the parameters set forth by Poiani and others (2000) 

where 1. local geographic scale refers to a discrete, geomorphologically-defined, and spatially-fixed 

ecosystem occupying meters to thousands of hectares, 2. intermediate geographic scale refers to relatively-

discrete ecosystems defined by physical factors and environmental regimes and occupying hundreds to tens 

of thousands of hectares, and 3. coarse geographic scale refers to nondiscrete, ecosystems defined by 

widespread climatic and elevational gradients and occupying hundreds of thousands to millions of hectares. 

Regional  Designation  

For broad-ranging biophysical settings with considerable variation in plant community composition, 

separate regional descriptions were developed. Biophysical settings and plant associations that are not 

modified by a regional designation have comparatively narrow distributions that are restricted to a single 

geographic region. The Andreaea blyttii (Blytt's andreaea Moss) plant association and the Geothermal 

Spring and Mud Volcano biophysical settings are the only systems included here that occur across the state 

but have not received regional treatment as microclimate and plant community composition are consistent 

among sites. Where appropriate, regional designations were assigned in accordance with the boundaries 

defined in Land Resource Regions of Alaska (Moore et al. 2004), which are intended to represent areas of 

broad regional climate and climatic conditions, patterns, and processes and as such have good correlation 

with the natural floristic and hydrologic divisions of Alaska (Figure 3). Generalized ranges and defining 

characteristics of these regions follow: 

Arctic  Alaska: This region has an arctic climate and includes the northern slopes of the Brooks Range, 

the western Brooks Range and the northern and western Seward Peninsula. The 

predominant vegetation is arctic and alpine tundra dominated by low and dwarf scrub 

and herbaceous communities. The region is within the zone of continuous permafrost. 

Beringian Alaska: This region includes the western part of the state near the Bering Sea from the Alaska 

Peninsula and Bristol Bay lowlands to the southern Seward Peninsula as well as the 

northern Bering Sea islands. The climate ranges from maritime near the coast, to sub-

arctic continental away from the coast and at higher elevations. The predominant 

vegetation is arctic and alpine tundra dominated by low and dwarf scrub and herbaceous 

communities. The region is within the zone of discontinuous permafrost. 

Boreal Alaska: This region has a continental boreal climate and includes the vast interior of Alaska, 

from the south slopes of the Brooks Range to the north slopes of the Alaska Range as 

well as the Cook Inlet Ecoregion. Expansive lowland boreal forests are dominated by 

combinations of Picea glauca (white spruce), P. mariana (black spruce), Betula 

neoalaskana (Alaska paper birch), and Populus tremuloides (quaking aspen). The 

region is within the zone of discontinuous permafrost. 
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Pacific Alaska: This region includes the arc of coastal lowlands and mountains along the Gulf of Alaska 

from the Alexander Archipelago in the southeast to Kodiak Island and the southern 

portion of the Alaska Peninsula in the west. The climate varies from maritime at lower 

elevations along the coast to transitional maritime-continental at higher elevations. 

Coastal forests are dominated by Picea sitchensis (Sitka spruce) and Tsuga heterophylla 

(western hemlock) along the Gulf of Alaska and with Thuja plicata (western red cedar) 

and Callitropsis nootkatensis (yellow cedar) present further south. Isolated pockets of 

permafrost occur in the northern part of the region. 

Aleutian Islands: This region has a maritime climate and includes the southwest portion of the Alaska 

Peninsula, the Aleutian Islands, and the Pribilof Islands. This is a treeless region that is 

not underlain by permafrost. Dwarf scrub vegetation occurs at higher elevations and 

wind-exposed areas and herbaceous meadows occur on low elevations and more 

protected areas.  

Figure 3. Land Resource Regions of Alaska developed by the Natural Resources Conservation Service (Moore et al. 

2004) and modified to reflect physical geography. 

Distribution Map ping  

Distribution maps for each biophysical setting or plant association were developed from the best available 

and most appropriate geospatial data. However, because rare ecosystems are often under documented and 

the sources used to map their occurrences are variable in quality, the accuracy of our mapping is not 
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consistent among systems. We evaluated each systems area of occupancy independently, map data were 

not combined for comparison, which allowed us to complete the ranking, establish percent land ownership 

and provide data on level of protection for each system. The Alaska Vegetation Map, developed by ACCS, 

provided the basis for most biophysical setting distribution maps (Boggs et al. 2016a, b). This product was 

developed from a mosaic of over 30 individual landcover datasets and provides a uniform legend so that 

landcover classes that are similar in concept yet different in nomenclature may be reconciled. Whereas, the 

Consortium of Pacific Northwest Herbaria provided the basis for the distribution of most plant associations 

(CPNWH 2016). Where these primary sources were not informative to the distribution of a given 

biophysical setting or plant association, maps were developed from alternate geospatial datasets such as 

those describing elevation (USGS 2009; National Elevation Dataset), surface geology (Wilson et al. 2015; 

Geologic Map of Alaska), wetland type (USDI 2015; National Wetlands Inventory), glacial extent (GLIMS 

2015), or coastline morphology (NOAA 2015; ShoreZone). Distribution of the Steppe Bluff Biophysical 

Setting was modeled in a separate project (Boucher et al. 2013) Using the MaxEnt application (Phillips & 

Dudík 2008). We chose a modeled extent of  steppe bluff distribution rather than a conventionally mapped 

distribution because we perceived the documented locations to grossly underestimate the actual number 

and extent of steppe bluffs and occurrence of the steppe bluff system has been shown to be highly correlated 

to the climate and landscape features used as model inputs (Boucher et al. 2013).  The Steppe Bluff 

biophysical setting distribution was the only ecosystem modeled from existing locations documented in 

literature or represented by collections of Artemisia frigida (and Calamagrostis purpurascens), which are 

reliable indicators of the habitat. Herbaria records were only accepted into the model if location notes 

explicitly described the site as steppe habitat and/or inspection of the underlying remotely-sensed imagery 

indicated steppe habitat. 

Unless indicated otherwise, all distribution mapping and conservation gap analyses were conducted in a 

GIS environment using ArcGIS 10.4 software.  

Conservation Status Ranking  

NatureServeôs rank calculator (version 3.186) was used to assign preliminary conservation status to 

biophysical settings and plant associations (Faber-Langendoen et al. 2009; Master et al. 2012). This 

methodology, developed as a globally applicable, standard ranking system sums weighted values for factors 

related to rarity, trends, and threats to calculate conservation status. The rarity of a system is derived from 

its direct area of occupancy (i.e. distribution), estimated percent of current area occupied considered to have 

good ecological integrity and geographical range. Unless more spatially-specific information was available 

(i.e. published accounts of range), range was calculated as a convex-hull polygon encompassing all 

occurrences of the system using the minimum bounding geometry tool available in ArcGIS. The trend of a 

system relates to expected change in area of occupancy across the short- (50 years) and long- (200 years) 

terms and was estimated based on our ecological understanding as well as potential threats to a given 

system. Threats to a system consider the severity, scope, impact, and timing of stressors, as well as the 

response and resilience of the system to those stressors. Threats were assessed by best professional 

judgement with adherence to the guidance provided within the ranking calculator (Master et al. 2012). The 

range of possible status ranks generated by the rank calculator are: 1 - critically imperiled, 2 - imperiled, 3 

- vulnerable, 4 - apparently secure, 5 - secure, and are preceded by a letter reflecting the appropriate 

geographic scale of the assessment: G - global, N - national, or S - subnational (i.e. state) (Table 1). Ranks 

were adjusted from the preliminary, calculated rank if justified by professional judgment or expert opinion. 

Plant associations and biophysical settings were considered of conservation concern when assessed to be 
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less than secure at the state level (i.e. Ò S4), following the principle of precaution (O'Riordan and Cameron, 

1994) and allowing for a broader concept of ecosystem rarity for a large state with high levels of ecosystem 

intactness (Reynolds et al. 2018), but facing threats that impact large geographies (i.e. climate change).  

 

Table 1. Conservation status rank designations. 

 

Associated Species and Communities of Conservation Concern  
To more fully describe the elements of biodiversity of Alaskaôs rare ecosystems, associated animal and 

plant species of conservation concern were listed for each biophysical setting and plant association. Plant 

associations of conservation concern were also listed for biophysical settings. Only those species or 

associations considered to be less than apparently secure (S4) within the state (regardless of global rank) 

were included. Species were identified in several ways including field sampling, the spatial intersection of 

ecosystem and rare plant or animal distributions, as well as published accounts of occurrence and habitat 

descriptions.  

Where access permitted, site visits were conducted to increase our understanding of the system and to 

document the presence or absence of species of conservation concern. However, owing to the remote 

location of most rare ecosystems, direct sampling of all types was often not possible. As an alternative to 

site visits, the potential linkages between rare species and rare ecosystems were inferred from the spatial 

intersection of known rare animal and plant occurrences with the distribution map for each system of 

conservation concern. Animal occurrences were gleaned from the Alaska GAP Analysis Occurrence 

Geodatabase (Gotthardt et al. 2013). Rare plant occurrences were taken from the rare plant database housed 

at ACCS (ACCS 2016). Distributions developed from point data (e.g., Arctic Pingo, Geothermal Spring, 

and Steppe Bluff Biophysical Settings) were buffered by 1 km to account for low accuracy of geographic 

coordinates, an issue that is exacerbated in older records collected before the use of GPS. A model 

incorporating the iterator function and clip tool was then built in ArcGIS (version 10.3.1) to generate rare 

plant and animal point shapefiles for each rare ecosystem.  

Summary tables of species associated with each rare ecosystem were reviewed by ACCS botanists and 

zoologists. Spatial correlations between a rare ecosystem and a given species is subject to the limitations of 

their input data, specifically the accuracy of species locations and the ecosystem distribution maps. Thus, 

cooccurrence of species and systems do not necessarily indicate that the species relies upon services 

provided by the rare ecosystem that cannot be provided by other nearby habitats. For example, several bird 

species of conservation concern were omitted from the species list because owing to their natural 

movement, occurrences were difficult to associate with a specific habitat, and thus, their inclusion could 

artificially inflate the significance of the rare ecosystem in which they were documented (DeCicco pers. 

comm. February 2016). To address these limitations, we removed species that were clearly not likely to 

Conservation Ranking System 

Geographic Scale  Value  Modifier 

G global  1 critically imperiled  NR not ranked 

S state  2 imperiled  U unrankable 

   3 vulnerable  T infraspecific ranking 

   4 apparently secure  B breeding 

   5 secure  N non-breeding 

      Q questionable 
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utilize the ecosystem and added species that based on literature review and professional judgment, were 

likely to be supported by the ecosystem in question. 

Plant associations of conservation concern were listed for biophysical settings where published accounts 

existed. These associations were selected using professional judgement by ACCS ecologists from a list of 

over 1,300 types that have been formally described for Alaska (ACCS 2016). 

Gap Analysis 
The Gap Analysis Program (GAP), administered by the U.S. Geological Survey (USGS), is a nationwide 

program which aims to assess the extent to which species and vegetative communities are represented 

within protected areas (Scott et al. 1993). To support this goal, USGS developed the Protected Areas 

Database (PAD-US) which serves as the official inventory of terrestrial and marine protected open space 

dedicated to the preservation of biological diversity across (USGS 2016). To determine conservation gaps 

for the rare ecosystems presented here, occupancy distribution maps were overlain with the PAD-US layer 

for Alaska (USGS 2012) in a GIS environment. The PAD-US layer is attributed by a GAP status code, 

which can be used as a proxy for management intent to conserve biodiversity (Table 2). 

Table 2. National Gap Analysis Program protection status codes and definitions, as derived from the Protected Areas 

Database of the United States (PAD-US) version 1.3 geodatabase. 

Status 

Code 
Management Definition Disturbance 

1 

Managed for biodiversity Disturbance events proceed or are mimicked 

An area having permanent protection from conversion of natural land cover and a mandated 

management plan in operation to maintain a natural state within which disturbance events (of natural 

type, frequency, intensity, and legacy) are allowed to proceed without interference or are mimicked 

through management. 

2 

Managed for biodiversity Disturbance events suppressed 

An area having permanent protection from conversion of natural land cover and a mandated 

management plan in operation to maintain a primarily natural state, but which may receive uses or 

management practices that degrade the quality of existing natural communities, including suppression 

of natural disturbance.   

3 

Managed for multiple uses 
Subject to extractive (e.g., mining or logging) or 

OHV use 

An area having permanent protection from conversion of natural land cover for the majority of the 

area, but subject to extractive uses of either a broad, low-intensity type (e.g., logging, OHV recreation) 

or localized intense type (e.g., mining). It also confers protection to federally listed endangered and 

threatened species throughout the area. 

4 

No known mandate for protection Unknown 

There are no known public or private institutional mandates or legally recognized easements or deed 

restrictions held by the managing entity to prevent conversion of natural habitat types to anthropogenic 

habitat types. The area generally allows conversion to unnatural land cover throughout or management 

intent is unknown. 

The methodology used to attribute GAP status code to a given protected area is outlined in the PAD-US 

Standards Manual (USGS 2013) and defaults to the minimum level of conservation afforded. Conservation 

status of each land management category is shown in Table 3. 
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Table 3. Conservation status of land management categories 

Land Management Category GAP Status Code 

National Designations 

National Park 2 

National Forest-National Grassland 3 

National Trail 4 

National Wildlife Refuge 2 

National Natural Landmark 2 

National Landscape Conservation System - Non Wilderness 3 

National Landscape Conservation System - Wilderness 2 

Native American Land 4 

Other Designations 

Protective Management Area - Feature 3 

Protective Management Area - Land, Lake or River 3 

Habitat or Species Management Area 2 

Recreation Management Area 3 

Resource Management Area 3 

Wild and Scenic River 2 

Research and Educational Land 3 

Marine Protected Area 3 

Wilderness Area 1 

Area of Critical Environmental Concern 3 

Research Natural Area 2 

Historic / Cultural Area 3 

Mitigation Land / Bank 3 

Military Land 4 

Watershed Protection Area 3 

Access Area 4 

Special Designation Area 3 

Other Designation 4 

Not Designated 4 

State Designations 

State Park 3 

State Forest 3 

State Trust Lands 3 

State Other 4 

Local Government Designations 

Local Conservation Area 2 

Local Recreation Area 4 

Local Forest 3 

Local Other 4 

Private Designations 

Private Conservation Land 2 

Agricultural Protection Land 4 

Conservation Program Land 3 

Forest Stewardship Land 3 

To evaluate the gaps in protected areas, we intersected each systemôs distribution with the PAD-US version 

1.4 layer developed for Alaska (USGS 2016). Prior to this intersection, we óflattenedô the protected areas 
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layer to remove areas of overlapping conservation status. Specifically, the PAD-US layer was converted 

from its native vector format to a raster dataset with the GAP status code informing the pixel value. In areas 

of no overlap the value of the GAP code at the center of the cell was adopted as the pixel value, however 

in areas of overlap, the highest level of conservation (i.e. lowest GAP code value) was given precedence.  

To intersect the PAD-US layer with the 12 systems that were represented by point occurrence data only, it 

was first necessary to buffer the points. We were able to buffer two of the systems (Arctic Pingos 

Biophysical Setting and Mud Volcano Biophysical Setting) using literature-supported values, however for 

the remaining ten systems we were forced to adopt estimated areas of occupancy. A 0.01 km2 area of 

occupancy (corresponding to a buffer value of 56.4 m) was used for the Andreaea bylttii Snowbed Plant 

Association based on personal observation (Flagstad and Boucher 2015). An estimated area of 0.3 km2 

(corresponding to a buffer value of 309 m) was used for the Luzula confusa - Poa arctica, Luzula confusa 

- Sphaerophorus globosus and Papaver gorodkovii Volcanic Scree Plant Associations and was based on a 

professional judgement of average area ranging from 0.1 to 0.5 km2. The remaining six systems: namely 

the Artemisia arctica - Trisetum spicatum Nunatak, Picea sitchensis / Oplopanax horridus / Circaea alpine, 

and Picea sitchensis/Calamagrostis nutkaensis Plant Associations and the Geothermal Spring, Larix 

laricina Wetland, and Picea glauca Floodplain Old-growth Forest Biophysical Settings were thought to 

occupy a larger per-occurrence area and thus assigned a default 0.1 km2 area of occupancy (corresponding 

to a buffer value of 564 m). 

The final output for each ecosystem represented the portion of the PAD-US raster that was spatially 

coincident with the distribution of the system. For each PAD-US extraction we calculated the percent area 

of each GAP status category and calculated a status-weighted protection index for each ecosystem, in 

accordance with the following formula: 

ὍὲὨὩὼ
ρz ϷὃὶὩὥ   ςz ϷὃὶὩὥ  σz ϷὃὶὩὥ  τz ϷὃὶὩὥ

ρππ
 

This index provides a continuous-variable metric of protection for each ecosystem. Index values have the 

same range as, and are thus easily compared to, the categorical GAP status codes. For example, an 

ecosystem-wide score of 1.0 indicates that the entire rare ecosystem is managed for biodiversity (e.g., the 

entirety of the system is within Wilderness Area boundaries), while a score of 4.0 indicates that no known 

management mandate for protection has been issued for any part of that ecosystemôs extent (e.g., the system 

occurs only on private lands).   

Since determining what constitutes sufficient protection of fine-scale ecosystems occupying a small 

proportion of the landscape is difficult, we used both protection index and percent of area managed for 

biodiversity (Status Codes 1 and 2) to summarize conservation status. Systems with a protection index less 

than 2.5 or at least 50% of their area managed for biodiversity were considered sufficiently protected. This 

percent area threshold is adopted from literature recommendations (Noss et al. 2012) and represents an 

approximate average percent of terrestrial land required to meet conservation goals as derived from 

numerous evidence-based assessments (e.g. scientific research, reviews, and expert opinion). 

To assess the levels of spatial organization represented by plant associations and biophysical settings, we 

placed each system in a local-, intermediate-, or coarse-geographic scale category in accordance with the 

parameters set forth by Poiani and others (2000) where local scale refers to a discrete, geomorphologically-
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defined, and spatially-fixed ecosystem occupying meters to thousands of hectares; intermediate scale refers 

to relatively-discrete ecosystems defined by physical factors and environmental regimes and occupying 

hundreds to tens of thousands of hectares, and; coarse scale refers to non-discrete, ecosystems defined by 

widespread climatic and elevational gradients and occupying hundreds of thousands to millions of hectares. 

We considered both area of distribution as well as the ecological characteristics of systems when assigning 

categories of spatial organization. 

We tested for a linear relationship between protection index value and conservation rank of the rare 

ecosystems using correlation analysis as well as differences in mean conservation rank and mean protection 

index value among the five geographic groups (Arctic, Beringian, Boreal, Pacific, and Statewide) using 

analysis of variance (ANOVA) (with Holm-Sidak post hoc tests) and with Kruskal-Wallis ANOVA on 

ranks for conservation rank data that did not meet normality of variance assumptions.   

Results 
Descriptions summarizing the climate, environmental characteristics, vegetation, disturbance, conservation 

status, and associated species and communities of conservation concern were developed for 24 biophysical 

settings and 10 plant associations (Table 4). Conservation status ranks were assigned at the statewide level 

for each ecosystem and distribution maps were developed for all but one ecosystem. The majority of 

ecosystems (15 of 35) are located in Southern Alaska, which includes Southeast Alaska and the Aleutian 

Islands. Northern and Interior Alaska are represented by five rare ecosystems each, four systems are found 

in Western Alaska, and only three systems have been recognized to span the entire state. When summarized 

by category of rarity, 14 systems are primarily influenced by geomorphic processes, nine systems are 

characterized by unusual floristics, seven systems develop on uncommon substrates, and the remaining four 

systems occupy distinct microclimates. 

Table 4. Conservation status ranks for biophysical settings and plant associations of conservation concern presented 

by ecoregion and category of rarity. 

Ecosystem Name Alaska Region State Rank Category of Rarity 

Andreaea blyttii Snowbed PA Statewide S4 Microclimate 

Anthelia juratzkanaïGymnomitrion corallioides 

Biological Crust PA Pacific  S4 Floristics 

Arctic Barrier Island and Spit BpS Arctic  S4 Geomorphic Process 

Arctic Inland Dune BpS Arctic  S4 

Substrate, 

Geomorphic Process 

Arctic Pingo BpS Arctic  S4 

Geomorphic 

Process, 

Microclimate 

Arctic Tidal Marsh BpS Arctic  S3 Geomorphic Process 

Artemisia alaskana ï Dianthus repens PA Boreal S2 Geomorphic Process 

Artemisia arctica-Trisetum spicatum Nunatak 

PA Pacific  S4 Floristics 

Beringian Alpine Limestone Dryas BpS Arctic, Beringian  S4 Substrate, Floristics 

Beringian Barrier Island and Spit BpS Beringian  S4 Geomorphic Process 

Beringian Dwarf Shrub-Lichen Peatland Plateau 

BpS Beringian  S4 Microclimate 
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Ecosystem Name Alaska Region State Rank Category of Rarity 

Beringian Tidal Marsh BpS Beringian  S4 Geomorphic Process 

Boreal Forested Glacial Ablation Plain BpS Boreal  S4 Geomorphic Process 

Boreal Inland Dune BpS Boreal  S4 

Substrate, 

Geomorphic Process 

Callitropsis nootkatensis Wetland BpS Pacific  S4 Microclimate 

Geothermal Spring BpS Statewide S4 

Geomorphic 

Process, 

Microclimate 

Karst Alpine Herbaceous Meadow and Heath 

BpS Pacific  S4 Substrate 

Karst Fen BpS Pacific  S2 Substrate 

Karst Tsuga heterophylla-Picea sitchensis PA Pacific  S3 Substrate 

Larix laricina Wetland BpS Boreal  S3 Floristics 

Luzula confusa-Poa arctica PA Arctic  S4 Floristics 

Luzula confusa-Sphaerophorus globosus PA Arctic  S4 Floristics 

Mud Volcano BpS Statewide S4 

Geomorphic 

Process, 

Microclimate 

Pacific Barrier Island and Spit BpS Pacific  S4 Geomorphic Process 

Pacific Forested Glacial Ablation Plain BpS Pacific S4 Geomorphic Process 

Pacific Tidal Marsh BpS Pacific  S4 Geomorphic Process 

Pacific Uplifted Tidal Marsh BpS Pacific  S3 Geomorphic Process 

Papaver gorodkovii Volcanic Scree PA Beringian  S3 Substrate, Floristics 

Picea glauca Floodplain Old-growth Forest BpS Boreal S4 Geomorphic Process 

Picea sitchensis Floodplain Old-growth Forest 

BpS Pacific  S3 Substrate 

Picea sitchensis/Calamagrostis nutkaensis PA Pacific  S4 Floristics 

Picea sitchensis/Oplopanax horridus/Circaea 

alpina PA Pacific  S4 Floristics 

Pinus contorta var. latifolia/Cladina species PA Pacific  S2 Floristics 

Pohlia wahlenbergiiïPhilonotis fontana Seep 

PA Pacific  S3S4 Floristics 

Steppe Bluffs BpS Boreal  S3 

Microclimate, 

Floristics 

Distribution Mapping  
Distribution maps were developed for 34 of the 35 ecosystems considered here, no rare ecosystems treated 

here are endemic to the Aleutian region.  Due to the paucity of geospatial information, we were not able to 

generate a defensible distribution map for the Pohlia wahlenbergiiïPhilonotis fontana Plant Association. 

Cumulatively, ecosystems of conservation concern represent 3% of the total area of Alaska, with 

Callitropsis nootkatensis (Yellow Cedar) Wetland Biophysical Setting (1.0%), Beringian Dwarf Shrub-

Lichen Peatland Plateau Biophysical Setting (0.8%), Beringian Alpine Limestone Dryas Biophysical 

Setting (0.6%), Beringian Tidal Marsh Biophysical Setting (0.3%), and Pacific Forested Glacial Ablation 

Plain Biophysical Setting (0.2%) representing the five largest systems. The Arctic Poppy (Papaver 

gorodkovii) Volcanic Scree, Blytt's andreaea Moss (Andreaea blyttii) Snowbed, Alaska Wormwood - 

Boreal Carnation (Artemisia alaskana - Dianthus repens) Gravel Bar, and Lodgepole Pine/Reindeer Lichen 
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(Pinus contorta var. latifolia / Cladina) species Plant Associations and the Karst Fen Biophysical Setting, 

represent the four smallest systems with individual areas of 0.5 km2 or less (Table 5). 

Plant associations largely represent the smallest areas of occupancy, with the Papaver gorodkovii Volcanic 

Scree Plant Association, Artemisia arctica-Trisetum spicatum Nunatak Plant Association, Karst Fen 

Biophysical Setting, Anthelia juratzkanaïGymnomitrion corallioides Biological Crust Plant Association, 

and Pinus contorta var. latifolia/Cladina species Plant Association representing the five smallest systems 

(listed in order of decreasing area) (Table 5). 
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Table 5. Alaskaôs rare ecosystems presented in increasing value of 

protection index. 

    

Percent Area 

  

Ecosystem Name Scale  

 

 

 

 

Conservation 

Rank 

Area 

(km2) 

Status 

1 

Status 

2 

Status 

3 

Status 

4 

Protection 

Index 

Percent 

Area 

Managed 

for 

Biodiver

sity 

(Status 1 

and 2) 

Anthelia juratzkana ï Gymnomitrion corallioides Biological Crust PA local  

S4 

1.1 100.0 0.0 0.0 0.0 1.00 100.0 

Boreal Inland Dune BpS local S4 106.6 99.8 0.0 0.0 0.2 1.00 99.8 

Artemisia alaskana ï Dianthus repens Gravel Bar PA local S2 0.1 89.1 0.0 0.0 10.9 1.33 89.1 

Pacific Forested Glacial Ablation Plain BpS intermediate S4 67.0 77.8 0.9 17.0 4.3 1.48 78.7 

Artemisia arctica ï Trisetum spicatum Nunatak PA local S4 1.5 75.0 0.0 25.0 0.0 1.50 75.0 

Boreal Forested Glacial Ablation Plain BpS intermediate S4 7.4  75.3 1.6 4.2 18.9 1.67 76.9 

Beringian Dwarf Shrub ï Lichen Peatland Plateau BpS coarse S4 10,407.6 67.4 0.0 0.4 32.2 1.97 67.4 

Pinus contorta var. latifolia / Cladina species PA (Lodgepole 

pine/Reindeer lichen) 

local S2 <0.1 0.0 100.0 0.0 0.0 2.00 100.0 

Pacific Barrier Island and Spit BpS intermediate S4 178.2 24.0 52.1 10.7 13.2 2.13 76.1 

Papaver gorodkovii (Arctic Poppy) Volcanic Scree PA local S3 1.5 60 0.0 0.0 40.0 2.20 60.0 

Beringian Tidal Marsh BpS intermediate S4 3,898 56.4 0.0 1.2 42.4 2.30 56.4 

Andreaea blyttii (Blyttôs andreaea) Snowbed PA local S4 0.2 52.8 0.0 9.2 38.0 2.32 52.8 

Picea sitchensis Floodplain Old-growth Forest BpS intermediate S3 466 26 18.4 41.5 14.1 2.44 44.4 

Geothermal Spring BpS local S4 102.9 42.2 4.9 13.2 39.7             2.50 47.1 

Steppe Bluffs BpS local S4 30.9 37.9 11.8 12.7 37.6 2.50 49.7 

Callitropsis nootkatensis (Yellow cedar) Wetland BpS intermediate S4 12,676 25.3 7.3 58.3 9.1 2.51 33.6 

Pacific Uplifted Tidal Marsh BpS intermediate S3 554.4 2.5 57.5 23.9 16.1 2.54 60 

Beringian Alpine Limestone Dryas BpS coarse S4 7,572 40.7 0.0 13.8 45.5 2.64 40.7 

Picea sitchensis / Oplopanax horridus / Circaea alpina PA local S2 2.0 12.6 47.4 0 40 2.67 60 

Luzula confusa ï Sphaerophorus globosus PA local S4 5.7 36.7 0.0 21.1 42.2 2.69 36.7 

Karst Alpine Herbaceous Meadow and Heath BpS intermediate S4 63.2 10.4 8.2 79.6 1.8 2.73 18.6 
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Picea sitchensis / Calamagrostis nutkaensis PA local S4 10.0 27.5 0.0 39.1 33.4 2.78 27.5 

Karst Tsuga heterophylla ï Picea sitchensis PA local S3 479.4 17.6 5.3 57.6 19.5 2.79 22.9 

Karst Fen BpS local S2 0.2 0.0 0.0 100.0 0.0 3.00 0.0 

Pacific Tidal Marsh BpS intermediate S4 

 

3,007 10.2 23.4 11.32 55.1 3.11 33.6 

Picea glauca Floodplain Old-growth Forest BpS intermediate S4 351.0 25.5 0.0 12.12 62.4 3.11 25.5 

 

Arctic Inland Dune BpS local S4 92.9 0.0 0.0 77.1 22.7 3.23 0.0 

Arctic Pingo BpS local S4 121 2.7 0.0 61.0 36.3 3.31 2.7 

Beringian Barrier Island and Spit BpS intermediate S4 118.6 12.2 7.4 2.9 77.5 3.46 19.6 

Arctic Tidal Marsh BpS intermediate S3 1,156 5.9 0.33 23.35 70.4 3.58 6.2 

Larix laricina Wetland BpS local S3 35.2 8.5 0.8 10.7 80 3.62 9.3 

Luzula confusa ï Poa arctica PA local S4 7.8 0.0 0.0 23.1 76.9 3.77 0.0 

Arctic Barrier Island and Spit BpS intermediate S4 190.4 3.9 0.0 8.7 87.4 3.80 3.9 

Mud Volcano BpS local S4 4.7 0.0 0.0 14.7 85.3 3.85 0.0 

Pohlia wahlenbergii ï Philonotis fontana Seep PA (not mapped) local -  -  -  -  -  -  -  - 
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Conservation Status Ranking  
Conservation status ranks were generated at the state level for each biophysical setting and plant 

association. NatureServe methodology (Faber-Langendoen et al. 2009); each rank was further evaluated 

through professional review; seven systems were adjusted based on professional judgment. 

Revision of the Wahlenberg's Pohlia Moss-Philonotis Moss Seep Plant Association rank represents the 

greatest change in rank. The calculated rank of S1 was downgraded to an adjusted range rank of S3S4 on 

the basis that this system is significantly under-surveyed. While less than 20 occurrences have been 

documented, the component moss species occur throughout the state and are likely to co-occur in other 

locations along the Aleutian Islands and greater southern Alaska region. Ranks for the Lodgepole 

Pine/Reindeer Lichen, Alaska Wormwood - Boreal Carnation Gravel Bar, Sitka Spruce/Devilôs 

Club/Enchanterôs Nightshade (Picea sitchensis/Oplopanax horridus/Circaea alpina) Plant Associations, 

and the Karst Fen Biophysical Setting were adjusted from the calculated value of S1 to the next lower level 

of conservation rank (S2) on the assumption that these systems are under-surveyed. Alternatively, the 

conservation status rank for the Beringian Alpine Limestone Dryas and the Pacific Tidal Marsh Biophysical 

Settings were adjusted from the calculated rank of secure (S5) to apparently secure (S4) on the basis that 

the areas of occupancy generated for these systems are likely overestimated.  

In total, four systems are designated as imperiled (S2), six systems are vulnerable (S3), one system is 

vulnerable to apparently secure (S3S4), and the remaining 24 are apparently secure (S4). The most 

imperiled ecosystems in Alaska as currently assessed are the Lodgepole Pine/Reindeer Lichen Plant 

Association, the Alaska Wormwood - Boreal Carnation Gravel Bar Plant Association, Sitka Spruce/Devilôs 

Club/Enchanterôs Nightshade Plant Association, and the Karst Fen Biophysical Setting.  

Alaskaôs rarest ecosystems differ in physiognomy (e.g., forested and not forested, wetland and upland), but 

are largely united by uncommon surficial geologies that are very sporadic and isolated on the landscape. 

The systems of lesser conservation concern are also associated with uncommon substrates, but either 

occupy a greater area or geographic range. A single occurrence of the Lodgepole Pine/Reindeer Lichen 

Plant Association has been documented in southeastern Alaska where stands of this subspecies of tree, 

which is uncommon in Alaska, develop in deep lichen mats overlying well-drained granitic bedrock 

outcrops. The Alaska Wormwood - Boreal Carnation Gravel Bar Plant Association has been described from 

two gravel river bars in subarctic, continental Alaska and is considered rare for both its unusual combination 

of diagnostic species as well as its restriction to well-drained substrates derived from ultramafic parent 

materials. Sitka Spruce/Devilôs Club/Enchanterôs Nightshade Plant Association has only been documented 

on wind-deposited silt on hillslopes adjacent to the Stikine River delta in southeastern Alaska.  Karst fens 

are considered one of the rarest wetland types in North America and, in Alaska, are represented by only 

three occurrences located in coastal rainforests overlying calcareous bedrock.  

Within each category of conservation rank, both plant associations and biophysical settings are represented. 

Likewise, we did not detect a difference in conservation rank among the regions of Alaska (Kruskal-Wallis 

ɉ2 = 3.97, p = 0.41; (Table 5). One S3 and five S4 systems occur in Arctic Alaska, one S3 and four S4 

systems occur in Beringian Alaska, one S2, one S3, and four S4 systems occurring in Boreal Alaska, and 

three S2, three S3, one S3S4, and eight S4 systems occurring in Pacific Alaska. Only three apparently secure 

(S4) systems: Blytt's andreaea Moss Snowbed Plant Association, Geothermal Spring, and Mud Volcano 

Biophysical Settings, have statewide distributions of widely scattered and small areas of occurrence. 
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Conservation Gap Analysis  
Overall protection of rare ecosystems in Alaska is relatively high with 35% of systems (12 of 34 mapped 

systems) have adequate protection (Table 5). Three systems are marginally protected with either 50% of 

their extent managed for biodiversity or a protection index less than 2.5, but not both. The remaining 19 

systems are considered under protected. 

 The comparison of gap analysis protection index value to conservation rank (S1-S5) (Table 5) shows no 

detectable relationship between the magnitudes of protection values and conservation ranks (Pearsonôs r = 

0.005, p = 0.98, n = 34). Two of the four imperiled (S2) systems, namely the Alaska Wormwood - Boreal 

Carnation Gravel Bar, and Lodgepole Pine/Reindeer Lichen Plant Associations have a protection index less 

than 2.5, indicating a high level of protection; the Sitka Spruce/Devilôs Club/Enchanterôs Nightshade Plant 

Association has a moderate protection index of 2.67.  However, no portion of the stateôs most imperiled 

system, the Karst Fen Biophysical Setting is managed for biodiversity. Only one of the stateôs six vulnerable 

(S3) systems are associated with lands that are managed for biodiversity protection, yet nine of 24 

apparently secure (S4) systems are afforded adequate protection based on land management designations. 

Less-protected ecosystems often occur in coastal (e.g. barrier islands, spits, tide marshes) or other 

accessible, low-elevation areas (e.g. uplifted tidal marshes, and old-growth forests). Conversely, well-

protected ecosystems are often found in high-elevation (e.g. alpine and nunatak associations) or otherwise 

extreme (e.g. xeric, wetland, periglacial, permafrost) environments. 

When evaluated by protection index, relatively consistent levels of protection were found among systems 

with shared environmental factors, processes, or regimes. For example, the protection indices for the Boreal 

Forested Glacial Ablation Plain and the Pacific Forested Glacial Ablation Plain biophysical settings are 

similar (1.67 and 1.48, respectively). Also, the related systems of Boreal (where Picea glauca is diagnostic) 

and Pacific (where Picea sitchensis is diagnostic) Old-growth Forest Biophysical Settings had similar 

protection indices of 3.11 and 2.44, respectively. Coastal systems represented by tidal marshes and seaward 

complexes of barrier islands and spits also show considerable overlap in their range of protection indices. 

The Arctic, Beringian, and Pacific Tidal Marsh Biophysical Settings have protection indexes averaging 

2.99 with range in values from 2.30 to 3.58; whereas the Arctic, Beringian, and Pacific Barrier Islands and 

Spit biophysical settings have protection indexes averaging 3.13 with range in values from 2.13 to 3.80. 

Arctic and Boreal Inland Dunes had the greatest spread in protection indexes among environmentally 

similar systems at 3.23 and 1.00, respectively.  

Ecosystem level of protection is related to region (F (4, 33) = 3.89, p = 0.012). Systems with arctic 

distributions are not as well-protected as Boreal and Pacific systems (post-hoc Arctic-Boreal Holm-Sidak t 

= 3.44, p = 0.018 and Arctic-Pacific Holm-Sidak t = 3.14, p = 0.034). When summarized by region, systems 

in Arctic, Beringian, Pacific, and Boreal Alaska have average protection indices of 3.4, 2.5, 2.3, and 2.2, 

respectively.  

There is a relatively good distribution of spatial scales among category of protection index (). When systems 

are grouped by protection index value (<2, 2-3, and >3), all spatial scales (local, intermediate, and coarse) 

are represented in systems managed for biodiversity (Protection Index <3). In general, coarse scale 

ecosystems are not as well represented among those of conservation concern (11%, represented by 4 of 33 

mapped systems), but where documented are adequately protected. Conversely, local-scale systems are 
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disproportionally under-protected. For systems with a protection index >3, local-scale systems comprise 

88% or 7 of 8 under-protected systems.  

 

Figure 4. Distribution of ecosystems (circles) of conservation concern in Alaska by protection index value and 

category of conservation status (S1-S5). S1 = ñcritically imperiledò, S2 = ñimperiledò, S3 = ñvulnerableò, S4 = 

ñapparently secureò, S5 = ñsecureò. The horizontal line indicates a conceptual threshold in biodiversity protection 

between those deemed ñmore protectedò and those deemed ñless protectedò. 

With respect to land ownership, ecosystems whose distributions occurred mostly on NPS lands had the 

highest level of protection (i.e. Anthelia juratzkana-Gymnomitrion corallioides Plant Association, Boreal 

Inland Dunes Biophysical Setting, and Artemisia arctica-Trisetum spicatum Nunatak Plant Association), 

whereas ecosystems with most of their distribution on private, tribal, and state land had the lowest levels of 

protection (i.e. Mud Volcano Biophysical Setting, Luzula confusa-Poa arctica Plant Association, Larix 

laricina Wetland Biophysical Setting)(Table 6). 

Ecosystems with the lowest level of protection (78 to 100% of their distributions in Status 3 and 4 and a 

protection index of 3.0 to 3.8) all typically occur at lower elevations (e.g. Karst Fen Biophysical Setting, 

Arctic Inland Dunes Biophysical Setting, Arctic Pingo Biophysical Setting, Picea glauca Floodplain Old-

growth Forest Biophysical Setting, Arctic Tidal Marsh Biophysical Setting, Larix laricina Wetland 

Biophysical Setting, Luzula confusa-Poa arctica Plant Association, and Mud Volcano Biophysical Setting). 

Relatively consistent protection status was found among systems with common physical factors or regimes 

that spanned several regions (e.g. barrier islands, tide marshes, old-growth forests, glacial ablation plains). 

Arctic, Beringian, and Pacific Barrier Islands and Spits had protection indexes averaging 2.7 and ranging 

from 2.1-3.0 while Arctic, Beringian, and Pacific Tidal Marshes had protection indexes averaging 2.5 and 
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ranged from 2.2-3.2. Boreal and Pacific Forested Glacial Ablation Plains protection indexes were 1.8 and 

1.9 respectively. Boreal (where Picea glauca is diagnostic) and Pacific (where Picea sitchensis is 

diagnostic) Old-growth Forests had the greatest spread in protection indexes at 3.2 and 2.1, respectively. 

Land Ownership by System  

When evaluated on a per system basis, NPS manages the highest percent area across the greatest number 

of ecosystems (top landowner in 8 of 35 mapped systems), followed by USFS (top landowner in 7 of 33 

mapped systems), and USFWS (top landowner in 6 of 35 mapped systems). 

Table 6. Total and percent area of ecosystems of conservation concern presented by land ownership. 

Ecosystem Name Land Owner 

Total Area 

(km2) 

Percent Area 

Managed 

Andreaea blyttii Snowbed PA 

US Fish and Wildlife 5 36% 

Native American Land 2 18% 

State Department of Natural Resources 2 13% 

National Park Service 2 12% 

Unknown 1 11% 

US Forest Service 1 10% 

Anthelia juratzkanaïGymnomitrion 

corallioides Biological Crust PA National Park Service 1 100% 

Arctic Barrier Island and Spit BpS 

Native American Land 56 35% 

Bureau of Land Management 29 18% 

National Park Service 24 15% 

US Fish and Wildlife 23 14% 

Private 16 10% 

State Department of Natural Resources 13 8% 

Department of Defense 0.3 0.2% 

Arctic Inland Dune BpS 

Bureau of Land Management 44 92% 

Native American Land 3 7% 

Private 0.4 1% 

Arctic Pingo BpS 

Bureau of Land Management 44 92% 

Native American Land 3 7% 

Private 0.4 1% 

Arctic Tidal Marsh BpS 

Bureau of Land Management 339 47% 

State Department of Natural Resources 177 25% 

Native American Land 106 15% 

US Fish and Wildlife 85 12% 

Private 11 2% 

Department of Defense 1 0.1% 

Joint Ownership 0.3 0.04% 

National Park Service 0.05 0.01% 

Unknown 0.004 0.001% 
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Ecosystem Name Land Owner 

Total Area 

(km2) 

Percent Area 

Managed 

 Artemisia alaskana-Dianthus repens PA US Fish and Wildlife 0.074 100% 

    

Artemisia arctica-Trisetum spicatum 

Nunatak PA 

National Park Service 2 74% 

US Forest Service 1 26% 

Beringian Alpine Limestone Dryas 

BpS 

National Park Service 2,456 46% 

State Department of Natural Resources 1,509 28% 

Bureau of Land Management 787 15% 

Native American Land 495 9% 

US Fish and Wildlife 130 2% 

Private 1 0.02% 

Unknown 0.0001 0.000003% 

Beringian Barrier Island and Spit BpS 

Native American Land 34 47% 

US Fish and Wildlife 19 26% 

State Department of Natural Resources 18 24% 

Private 2 2% 

Bureau of Land Management 1 1% 

Unknown 0.04 0.1% 

Beringian Dwarf Shrub-Lichen 

Peatland Plateau BpS 

US Fish and Wildlife 7,810 75% 

Native American Land 2,316 22% 

Private 263 3% 

Bureau of Land Management 17 0.2% 

State Department of Natural Resources 0.04 0.0004% 

Beringian Tidal Marsh BpS 

US Fish and Wildlife 2,463 58% 

Native American Land 1,467 35% 

Private 125 3% 

Bureau of Land Management 119 3% 

National Park Service 42 1% 

State Department of Natural Resources 30 1% 

Department of Defense 0.002 0.00004% 

Unknown 0.0002 0.000004% 

Boreal Forested Glacial Ablation Plain 

BpS 

National Park Service 5 71% 

State Department of Natural Resources 1 14% 

Private 1 9% 

Bureau of Land Management 0.3 4% 

Native American Land 0.2 3% 

US Forest Service 0.001 0.02% 

US Fish and Wildlife 0.001 0.01% 

Boreal Inland Dune BpS 

National Park Service 57 53% 

US Fish and Wildlife 44 41% 

Unknown 6 6% 
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Ecosystem Name Land Owner 

Total Area 

(km2) 

Percent Area 

Managed 

Private 0.2 0.2% 

Callitropsis nootkatensis Wetland BpS 

US Forest Service 7,225 94% 

Native American Land 242 3% 

State Department of Natural Resources 146 2% 

National Park Service 43 1% 

Private 6 0.1% 

US Fish and Wildlife 1 0.01% 

Unknown 1 0.01% 

Joint Ownership 0.1 0.002% 

Bureau of Land Management 0.1 0.001% 

Geothermal Spring BpS 

US Fish and Wildlife 22 37% 

US Forest Service 9 14% 

Native American Land 9 14% 

National Park Service 7 12% 

State Department of Natural Resources 6 10% 

Bureau of Land Management 5 9% 

Private 2 3% 

Unknown 0.02 0.03% 

Karst Alpine Herbaceous Meadow and 

Heath BpS 

US Forest Service 61 97% 

State Department of Natural Resources 1 2% 

National Park Service 0.5 1% 

Native American Land 0.2 0.3% 

Karst Fen BpS US Forest Service 2 100% 

Karst Tsuga heterophylla-Picea 

sitchensis PA 

US Forest Service 403 88% 

Native American Land 34 7% 

State Department of Natural Resources 19 4% 

Unknown 1 0.2% 

Private 1 0.1% 

Bureau of Land Management 0.003 0.001% 

Larix laricina Wetland BpS 

State Department of Natural Resources 5 40% 

Department of Defense 2 18% 

Native American Land 2 17% 

National Park Service 2 13% 

Bureau of Land Management 1 9% 

Private 0.3 2% 

Luzula confusa-Poa arctica PA 

Native American Land 4 43% 

Bureau of Land Management 3 32% 

State Department of Natural Resources 3 25% 

Luzula confusa-Sphaerophorus 

globosus PA 

US Fish and Wildlife 4 46% 

Native American Land 3 31% 
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Ecosystem Name Land Owner 

Total Area 

(km2) 

Percent Area 

Managed 

Bureau of Land Management 2 23% 

Mud Volcano BpS 

Private 2 50% 

State Department of Natural Resources 1 33% 

Bureau of Land Management 1 17% 

Pacific Barrier Island and Spit BpS 

State Department of Natural Resources 100 60% 

US Fish and Wildlife 36 22% 

US Forest Service 17 10% 

Native American Land 11 6% 

National Park Service 2 1% 

Bureau of Land Management 0.3 0.2% 

Unknown 0.3 0.2% 

Private 0.1 0.1% 

Pacific Forested Glacial Ablation Plain 

BpS 

National Park Service 492 56% 

Bureau of Land Management 223 25% 

US Forest Service 85 10% 

State Department of Natural Resources 52 6% 

Native American Land 30 3% 

Private 2 0.3% 

Pacific Tidal Marsh BpS 

State Department of Natural Resources 150 40% 

US Forest Service 109 29% 

Native American Land 40 11% 

National Park Service 33 9% 

US Fish and Wildlife 31 8% 

Private 8 2% 

Unknown 1 0.4% 

Bureau of Land Management 0.3 0.1% 

Joint Ownership 0.1 0.02% 

Pacific Uplifted Tidal Marsh BpS 

State Department of Natural Resources 308 57% 

US Forest Service 136 25% 

Native American Land 90 17% 

Private 5 1% 

National Park Service 1 0.2% 

Joint Ownership 1 0.1% 

Unknown 0.4 0.1% 

Papaver gorodkovii Volcanic Scree PA 
US Fish and Wildlife 2 62% 

Native American Land 1 38% 

Picea glauca Floodplain Old-growth 

Forest BpS 

Native American Land 10 37% 

State Department of Natural Resources 7 26% 

US Fish and Wildlife 6 22% 

Department of Defense 2 7% 
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Ecosystem Name Land Owner 

Total Area 

(km2) 

Percent Area 

Managed 

Bureau of Land Management 2 6% 

Private 0.5 2% 

Joint Ownership 0.4 1% 

Picea sitchensis Floodplain Old-growth 

Forest BpS 

US Forest Service 111 55% 

National Park Service 52 26% 

State Department of Natural Resources 27 13% 

Native American Land 9 5% 

Bureau of Land Management 3 1% 

Private 0.4 0.2% 

US Fish and Wildlife 0.1 0.03% 

Picea sitchensis/Calamagrostis 

nutkaensis PA 

US Forest Service 107 35% 

Native American Land 67 22% 

National Park Service 49 16% 

State Department of Natural Resources 36 12% 

US Fish and Wildlife 34 11% 

Private 10 3% 

Unknown 6 2% 

Bureau of Land Management 0.02 0.01% 

Picea sitchensis/Oplopanax 

horridus/Circaea alpina PA 

US Forest Service 4 62% 

State Department of Natural Resources 1 18% 

Private 1 9% 

Bureau of Land Management 0.5 8% 

National Park Service 0.2 3% 

Native American Land 0.01 0.2% 

Pinus contorta var. latifolia/Cladina 

Species PA National Park Service 0.004 100% 

Pohlia wahlenbergiiïPhilonotis 

fontana Seep PA   not mapped NA NA 

Steppe Bluffs BpS 

National Park Service 6 41% 

Bureau of Land Management 2 12% 

Department of Defense 2 11% 

US Fish and Wildlife 2 10% 

Private 2 10% 

Native American Land 1 9% 

State Department of Natural Resources 1 5% 

Unknown 0.4 3% 
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Associated Species and Communities of Conservation Concern  
A total of 508 spatial associations of species of conservation concern with ecosystems of conservation 

concern were identified, representing 185 plant, 181 bird, 51 mammal, six amphibian, and two amphipod 

associations. Because a single species may be spatially associated with multiple rare ecosystems (e.g. the 

Western toad is associated with multiple wet forest types), it is important to note that these totals do not 

represent the cooccurrence of 508 unique species. Two systems; Andreaea blyttii Snowbed Plant 

Association and the Boreal Forested Glacial Ablation Plain Biophysical Setting are not associated with any 

plant, animal, or plant associations of conservation concern. 

Coastal habitats tend to support the greatest diversity of bird species of conservation concern, while 

mammal species of conservation concern reach peak levels in forested habitats. The total number of 

associated species does not appear to be correlated to ecosystem area, ecosystem type (e.g. biophysical 

setting or plant association), category of rarity (e.g. geomorphic process, floristics, microclimate, substrate), 

or conservation status rank. 

Candidate Ecosystems of Conservation Concern  
In the process of soliciting recommendations from professional ecologists regarding rare ecosystems in 

Alaska, numerous candidate systems were suggested. Several were not fully evaluated as the paucity of 

published literature precluded their mapping and description, or majority opinion did not consider the 

system sufficiently unique or threatened (Table 7). These systems have been retained as candidate 

ecosystems of conservation concern and may be included in future evaluations if further study can 

accurately assess their relative rarity, the trend of their occurrence, the threats posed to them and/or their 

intrinsic vulnerability. 

Table 7. Candidate ecosystems of conservation concern 

Candidate Ecosystems of Conservation Concern Preliminary Regional Designation 

Arsenic springs Statewide 

Boreal sky islands Boreal 

Calcareous Fens Boreal 

Carex kelloggii-Sphagnum spp. plant association in sedge-moss bogs on 

St. Paul Island Arctic, Beringian 

Caves Statewide 

Coastal cliffs Statewide 

Coastal rocky beaches Statewide 

Crustose lichen associations on basalt substrates Arctic, Beringian 

Domed bogs Pacific 

East Asian plant communities in the western Aleutian Islands Pacific 

Eelgrass communities Statewide 

Festuca altaicaïCalamagrostis spp. Plant Association Boreal 

Frost boil tundra Arctic, Beringian 

Fruticose lichen associations on Hall Island.  Arctic, Beringian 

Glacial refugia on outer coast adjacent to Lituya Bay Pacific 

Hill Prairie: also known as Midgrass-Shrub plant community Boreal 
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Candidate Ecosystems of Conservation Concern Preliminary Regional Designation 

Luzula arcuataïCladina species Plant Association Pacific 

Nunatak plant communities Statewide 

Nutrient-rich herbaceous meadows associated with coastal bird colonies Statewide 

Outcrops of Uranium-rich rock Statewide 

Picea sitchensis uplifted beach ridges Pacific 

Plant associations dominated by Racomitrium lanuginosum Statewide 

Plant associations dominated by Umbilicaria species Statewide 

Plant associations dominated or co-dominated by Carex limosa  Statewide 

Plant associations dominated or co-dominated by Kobresia species  Arctic, Beringian 

Populus balsamifera plant associations beyond latitudinal treeline Arctic, Beringian 

Pyroclastic flow biophysical setting Arctic, Beringian 

River-associated dunes Pacific 

Rock glaciers Statewide 

Salix setchelliana Gravel Bar plant association Boreal, Pacific 

Serpentine biophysical setting Statewide 

Sloped Fens in Prince William Sound Pacific 

Tall Pinus contorta var. latifolia in the vicinity of Gustavus Pacific 

Tidal mud flats Statewide 

Trona (hydrous sodium carbonate and bicarbonate occurring in partly-

evaporated lake basins) Boreal 

Unglaciated gypsum outcrops Statewide 

Plant associations on mafic or ultramafic substrates Statewide 

Discussion  
While most rare ecosystems in Alaska are not of immediate conservation concern, only a third of the 

systems identified here are managed for biodiversity. The remaining two thirds of systems occur in areas 

without explicit biodiversity protection and thus may be threatened by development or other factors.  

The absence of critically imperiled (S1) and the low number of imperiled (S2) and vulnerable (S3) 

ecosystems identified for Alaska is due in part to low levels of human disturbance, which return modest 

scores in the threats section of the conservation ranking calculator. Interestingly, the development pattern 

in Alaska, where the anthropogenic footprint occurs in smaller patches embedded in a breadth of intact 

ecosystems, is largely reversed from the contiguous United States. However, all ecoregions in the state have 

some level of human development (Reynolds et al. 2018), and anthropogenic disturbance in natural areas 

associated with large- and small-scale industry and other forms of development continue. Unchecked, such 

disturbance will eventually cause adverse effect to under-protected ecosystems of conservation concern.  

It is important to note that a designation of óManaged for Biodiversityô in the PAD-US database does not 

necessarily preclude development. For example, the 1002 Area of the Arctic National Wildlife Refuge, 

which is ostensibly managed for biodiversity has recently been opened for oil and gas exploration. 

Similarly, the State of Alaska has requested exemptions (e.g., Alaska Roadless Rule in the Tongass National 

Forest) from federal conservation policies to promote economic development. Alternatively, federal laws, 

such as the National Environmental Policy Act, Clean Water Act, Endangered Species Act, and others could 

afford greater protection to ecosystems under their purview, such as wetlands and riparian floodplains, 
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regardless of land management intent.  Because the granting of exemptions and enforcement of regulation 

often occurs on a case-by-case basis we were not able to consistently account for the effect of individual 

rulings in this assessment. 

Associated Species and Communities of Conservation Concern  
The apparent lack of correlation between the total number of associated species to ecosystem area, type, 

category of rarity, and conservation status rank likely relates to an incomplete assessment of species use 

and should not necessarily be perceived as a lack of correlation. Further research and analysis targeting the 

use of these habitats by wildlife is recommended. Specifically, additional literature review and site visits 

are recommended to better understand species composition and use of the Andreaea blyttii Snowbed Plant 

Association and the Boreal Forested Glacial Ablation Plain Biophysical Setting, for which no plant or 

animal species or plant associations of conservation concern are currently associated. Also recommended 

is the qualification of animal species occurrences as ósuspectedô where the record cannot be confirmed by 

published account. 

Associations between bird diversity and coastal habitats likely relates to the variety of vegetation offered 

by these ecosystems that are transitional between aquatic and terrestrial types. Specific to barrier islands, 

high bird species diversity likely relates to the protection from predators afforded to migrating, nesting and 

breeding bird populations. Associations between mammal diversity and forested habitats may relate to the 

structural complexity and scale of these habitats, which is commensurate with the larger mammals that 

these systems support. 

Closing the Gap Between Conservation Status and Current Lev el of Protection  
Ecosystems of conservation concern vary in physiognomy, spatial extent, and land management status. 

Thus, the gap between conservation status and current level of protection is easier to close for some systems 

than for others. For example, the conservation status of systems presumed to be under documented, such as 

the Lodgepole Pine / Reindeer Lichen and the Alaska Wormwood - Boreal Carnation Gravel Bar Plant 

Associations, as well as the Karst Fen Biophysical Setting, may be artificially high and thus the gap between 

status and protection may belie the insecurity of such systems. For discrete systems, such as the Inland 

Dune, Steppe Bluff, Mud Volcano, and Geothermal Spring Biophysical Settings, a revision of land 

management intent towards conservation would address the discrepancy between conservation rank and 

protection status. Climate change resilience for the Boreal Inland Dune or Steppe Bluff systems, for 

example, can be strengthened by minimizing proximal factors that affect ecosystem vulnerability such 

as invasive species establishment and off-road vehicle use. Resilience for other discrete ecosystems of 

conservation concern can be addressed by protection of adjacent landscapes and likely migration 

corridors. However, providing adequate protection to more widely distributed systems presents a greater 

challenge. For example, systems derived from calcareous substrates, such as the Karst Alpine Herbaceous 

Meadow and Heath Biophysical Setting and the Karst Western Hemlock ï Sitka Spruce (Tsuga 

heterophylla - Picea sitchensis) Plant Association have broad geographic range, the protection of which 

would require increased commitment among multiple landowners within the supporting watersheds. 

Similarly, systems that develop along major environmental gradients such as barrier islands, spits, and tidal 

marshes are more difficult to protect as their ecological integrity is often controlled by processes that 

transcend local control.  Conservation strategies developed for tidal wetlands for example, can focus on 
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maintaining biological integrity through cross jurisdictional recognition of the carbon sequestration 

function of these wetlands. These strategies could include wetland conservation, protection, or restoration, 

and incorporation of coastal wetlands into the carbon market. 

Even more problematic are systems whose existence is reliant on the stasis of a particular climatic regime. 

The greater rate of climate change at high latitudes (ACIA 2005) in combination with the lesser protection 

of systems with arctic distributions relative to those with boreal and maritime distributions, places the arctic 

and alpine systems described here at heightened risk. High-elevation, montane systems such as the 

Beringian Alpine Limestone Dryas Biophysical Setting cannot be maintained by up gradient migration 

indefinitely and similarly, the northward movement of arctic systems such as the Northern Woodrush ï 

Arctic Bluegrass (Luzula confusa - Poa arctica) and the Northern Woodrush - Globe Ball Lichen (Luzula 

confusa - Sphaerophorus globosus) Plant Associations will be ultimately curtailed by the Arctic Ocean. 

Without a northward migration route, individual rare plant species that are currently restricted to the Arctic 

Coastal Plain in Alaska are projected to face substantial declines in available suitable habitat by 2060 

(Carlson and Cortés-Burns 2013).   

The adequate protection of permafrost-dependent systems such as Arctic Pingos and Dwarf Shrub ï Lichen 

Permafrost Plateaus is perhaps most challenging. In just the last 30 years, there has been a 2 °C increase in 

mean annual temperature in the arctic biome (ACIA 2005) and temperature is predicted to continue to 

increase more rapidly than at lower latitudes (IPCC 2007; Chapin et al. 2014). There are numerous examples 

of shrub and tree expansion in arctic and alpine tundra habitats around the state that in turn drive alterations 

in ecosystem processes (Klein et al. 2005; Dial et al. 2007; Tape et al. 2006; Roland et al. 2013). 

Furthermore, climate change influences the frequency and severity of disturbances, such as insect outbreaks 

and wildfires (Soja et al. 2006; Chapin et al. 2008) and is likely affecting the establishment rate of non-

native species (Carlson and Shephard 2007; Sanderson et al. 2012). These phenomena have direct effect on 

species and communities and by extension, pose substantial risk to the current composition and function of 

rare ecosystems.  Management action for such ecosystems threatened by climate change may include 

minimizing compounding local anthropogenic impacts and ensuring protection of adjacent landscapes and 

likely migration corridors 

As the rate, extent, and severity of global climate change increases, both a commensurate expansion in our 

concept of adequate conservation (Noss et al. 2012) and facilitation of cross-jurisdictional planning for 

natural resource management (Trammell et al. 2017) are necessary. Local, national, and international 

conservation that aims to preserve multiscale ecological patterns and processes provides a precautionary 

approach to sustain the full complement of biota and their supporting natural systems (Poiani et al. 2000). 

In this assessment of rare ecosystems, we have considered multiple levels of biological and geographical 

organization ranging from coarse-scale biophysical settings to local-scale plant associations. This 

multiscale approach identifies systems large enough to protect the ecological processes that support their 

embedded communities and species while simultaneously capturing species-based or spatially restricted 

systems that can be harbingers of greater ecosystem change.  Particularly in combination with the species- 

and landscape-scale conservation assessments that have been previously completed for Alaska, the 

description, mapping, and conservation gap analysis presented here furthers effective ecological 

conservation in Alaska. By closing the gap between the conservation need and protection status of Alaskaôs 

rare ecosystems we build awareness and capacity to accommodate the growing impacts of changing climate 

and development in a vulnerable region of the world. 
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The descriptions, distribution mapping, and conservation ranking provided herein is a formal recognition 

of the types, locations, and conservation need of rare ecosystems in Alaska. The documentation of current 

condition subsequently allows monitoring of future change in extent and condition. Additionally, the 

prioritization of these rare ecosystems with respect to conservation need informs decision making and 

enhances stewardship of the natural systems upon which we ultimately rely. 
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