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Beringian Tidal Marsh Biophysical Setting  

Western Alaska 

 

Conservation Status Rank: S4 (apparently secure)  

Introduction 

Tidal marshes develop where relatively flat land receives periodic input of tidal waters (Frohne 1953). As 

an interface between the ocean and land, tidal marshes combine aquatic and terrestrial habitats, anoxic and 

oxic conditions, as well as saline and fresh waters (Stone 1984). This dynamic environment supports life 

highly-adapted to saturation and saline conditions. Tidal marshes along the Bering Sea coastline range from 

small marshes forming in protected topographic pockets of the harsh coast, to large lagoon systems forming 

behind barrier beaches, to extensive inland complexes lining the tidally-influenced waters of the Yukon-

Kuskokwim Delta (Figure 1). Although tidal marshes only occupy a small percentage of the total landscape, 

the plant species they support are often obligate and they provide a critical staging area for migrating 

shorebirds, geese and swans, many of which are species of conservation concern. Tidal marshes in 

Beringian Alaska are described separately from those found along the Arctic Ocean coastline. Although 

both regions share an arctic climate and are underlain by permafrost, arctic tidal marshes support several 

species that are uncommon in western Alaska, including Carex ursina, Dupontia fischeri, Puccinellia 

andersonii and Puccinellia arctica (Bergman et al. 1977, Chapman 1960, Jefferies 1977, Taylor 1981). The 

dominant sedge in Beringian (and Cook Inlet) tidal marshes is generally Carex ramenskii (Batten et al. 

1978). 

 

Figure 1. Tidal marsh on the outer coast of the Yukon-Kuskokwim Delta, Alaska (photo by T. Boucher). 
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Distribution 

Tidal marshes occur as a narrow band along the Bering Sea coastline (Figure 2).  The Beringian Tidal Marsh 

distribution map was developed from select tidal marsh landcover classes of the Alaska Vegetation Map 

(Boggs et al. 2015). 

 

Climate 

In the western Alaska region, the climate is maritime near the coast to subarctic continental away from the 

coast and at the higher elevations (USDA, Natural Resources Conservation Service, 2006). In the northern 

part of the region, the winter climate becomes more continental as the icepack forms in the Bering Sea. 

Summers are short and warm and cloudy along the coast, and winters are long and cold. The annual 

precipitation ranges from about 33 to 203 cm with the lowest precipitation in lowland areas and the Nulato 

Hills and the highest at the higher elevations of the Ahklun and Alaska Peninsula Mountains. The average 

annual temperature ranges from -4 to 2 oC Frost may occur in any month, strong winds are common, and 

snow covers the ground for approximately 7 to 9 months each year. 

Figure 2. Distribution of the Beringian Tidal Marsh Biophysical Setting. Note that the areas of occupancy in this map 

are buffered for greater visibility. 
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Environmental Characteristics 

Tidal marshes occur wherever there is flat land at sea level (Frohne 1953); however, three elements are 

required for their formation: 1) the input of tidal waters that ranges from the twice daily inundation of 

mudflats to the occasional exposure of upper marsh habitats to storm surges; 2) sediment deposition from 

rivers depositing their sediment load on deltas, or sediment imported from adjacent coastlines via long-

shore drift; there is commonly a concurrent organic matter buildup; and 3) protection from ocean wave and 

ocean-current erosion. This protection is critical for marsh development and is provided by topography (e.g. 

barrier islands, spits, peninsulas, shallow bays) or, at a smaller scale, by established vegetation which 

effectively slows the water current or wave energy (Chapman 1960). 

The bathymetry is generally shallow in the Bering Sea on the adjacent upland terrain is often low angle 

(Lawler et al. 2009). On the Yukon-Kuskokwim Delta, which often rises less than 1 m over several 

kilometers (Kincheloe and Stehn 1991), tidally-influenced water can reach up to 55 km inland (Tande and 

Jennings 1986; Figure 3).  

Coastal regions in arctic and subarctic Alaska are subject to flooding in the spring by meltwater and in the 

fall by storm surges (Bergman et al. 1977, Byrd and Ronsse 1983). River and sea ice may remain frozen 

from approximately October to June (Kincheloe and Stehn 1991). The seven to nine month ice cover limits 

fetch and wave size and thus decreases the wave erosion and sea ice scour through much of the year 

(Kincheloe and Stehn 1991). However, fall storms are capable of drastically reworking the coastal 

environment. A combination of wind, water and ice can cause erosion, redeposition and flooding. Ice blocks 

rafted by storm waves both scour the land and, on melting, deposit any ocean floor sediment that may have 

been incorporated to the block (Hanson 1951, Meyers 1985).  

Permafrost occurs within the top 1 m of the soil profile in tidal marshes on the Seward Peninsula (Jorgenson 

et al. 2004, 2009), and is encountered at a mean depth of 1.65 m in similar habitats on the Yukon-

Kuskokwim Delta (Jorgenson 2000), but may be absent or discontinuous in the southern portion of its 

range. In all areas underlain by permafrost, the depth of thaw increases with proximity to water bodies due 

to the warming effects of water (Bergman et al. 1977, Hanson 1951, Kincheloe and Stehn 1991). Shallow 

permafrost also promotes the inundation of tidal marshes by restricting drainage (Bergman et al. 1977, 

Meyers 1985). 
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Figure 3. Inland tidal mudflats and meadows dominated by Puccinellia and Carex species on the Yukon-Kuskokwim 

Delta, Western Alaska (photo by T. Boucher). 

Vegetation Patterns and Floristics  

The zonation of vegetation within tidal marshes is conspicuous both globally (Vince and Snow 1984) and 

in Alaska (Hanson 1951). Vegetation patterns are ultimately related to elevation in so far that it directs the 

frequency and duration of tidal inundation as well as soil salinity and drainage (Stephens and Billings 1967, 

Batten et al. 1978, Dupre 1980, Byrd and Ronsse 1983, Kincheloe and Stehn 1991, Viereck et al. 1992). 

Where shoreline topography rises uniformly from the water, elongated zones of tidal marsh vegetation are 

common (e.g. Cook Inlet Basin; Hanson 1951). However, where permafrost produces an intricate 

topography, tidal marsh vegetation is often mosaicked such as the Kotzebue vicinity and the Yukon-

Kuskokwim Delta (Figure 1 and Figure 3; Hanson 1951, Kincheloe and Stehn 1991). 

General patterns of vegetation are recognizable and predictable within Beringian tidal marshes. The lowest 

elevations are often barren mudflats to those sparsely vegetated by halophytic graminoids such as 

Puccinellia phryganodes and Carex subspathacea (Kincheloe and Stehn 1991, Jorgenson et al. 2004, 2009; 

Figure 3). These mudflats and sparsely vegetated sites also occur on the banks of tidal rivers, sloughs and 

margins of tidal ponds. The riverbanks and slough margins initially support Puccinellia phryganodes and 

Carex subspathacea that transitions upriver to Arctophila fulva and Carex lyngbyei as conditions become 

less saline (Kincheloe and Stehn 1991). Levees also support unique associations such as Potentilla egedii-

Leymus arenarius-Triglochin palustris-Stellaria humifusa or Festuca rubra-Ligusticum scoticum-

Potentilla egedii-Calamagrostis deschampsioides-Salix ovalifolia (Kincheloe and Stehn 1991, Jorgenson 

et al. 2009).  

Moving inland from the coastline, extensive tidal meadows occur (Figure 4). As the elevation rises, the 

dominant associations gradually shift from Carex ramenskii or Carex ramenskii-Dupontia fischeri, to 

Carex rariflora-Calamagrostis deschampsioides, and eventually Carex rariflora-Salix ovalifolia-mosses 
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or Salix ovalifolia-Deschampsia caespitosa (Kincheloe and Stehn 1991, Jorgenson et al. 2009). Hippuris 

tetraphylla or Carex ramenskii may dominate pond edges.  

 

Figure 4. Coastal brackish meadows on the Yukon-Kuskokwim Delta (photo by T. Boucher). 

On the Beaufort Sea Coast and in the Yukon-Kuskokwim Delta there is some evidence that the boundaries 

of the Puccinellia phryganodes, Carex subspathacea and Carex ramenskii communities are maintained in 

part by grazing geese such as black brant (Bergman et al. 1977, Kincheloe and Stehn 1991, Person and 

Ruess 2003). 

Conservation Status 

Rarity: Tidal marshes are widely distributed along Alaska’s western coastline, but the fidelity of their 

component species and threats related to climate change makes this biophysical setting of one conservation 

concern. 

Threats: The varied effects of climate change are responsible for extensive and increasing coastal erosion 

along Alaska’s western coastline. Rising ocean temperatures diminish the thickness, extent and permanence 

of sea ice, which in turn increase storm power (due to greater fetch). This in combination with global sea 

level rise and more extreme weather events pushes saltwater farther inland, at a greater frequency. 

Inundation serves to thaw permafrost, which promotes subsidence and thermal and mechanical erosion of 

coastal habitats, particularly tidal marshes (Jones et al. 2008, Ping et al. 2011, Forbes 2011).  

Trend: Loss of coastal habitat due to climate change is difficult to predict as projections must account for 

concurrent change in temperature, precipitation, permafrost and vegetation. The eustatic rate of sea level 

rise is 0.18 cm annually (Pendelton et al. 2006) and a rise in sea levels of 0.5 m is predicted for the Bering 

Sea by 2100 (Houghton et al. 1996). It is expected that the short- and long-term impacts of climate change-

induced processes will be severe and extensive in coastal areas that are low-lying, permafrost-affected and 

characterized by microtidal regimes areas such as along Alaska’s western coastline (Glick et al. 2010, 

Lawler et al. 2009).  

Species of Conservation Concern  

Although tidal marshes only occupy a small percentage of the total landscape, they are critical staging areas 

for migrating shorebirds, sea ducks, geese and swans. The mammal, bird, and plant species listed below are 

designated critically imperiled or vulnerable either globally (G1-G3) or within Alaska (S1-S3) and are 
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known or suspected to occur in this biophysical setting (Tables Table 1, Table 2). Please visit the Alaska 

Center for Conservation Science website for species descriptions (ACCS 2016). 

Table 1. Mammal and bird species of conservation concern within the Beringian Tidal Marsh Biophysical Setting. 

Common Name Scientific Name Global Rank State Rank Habitat  Description 

Mammals         

Alaskan hare Lepus othus G3G4 S3S4 

Habitat includes tundra, alluvial plains, 

coastal lowlands, alder thickets, sedge 

flats, wet meadows; open tundra, but use 

brush when available. 

Birds         

Aleutian Tern Sterna aleutica G4 S3B 

Nests usually on sand spits, sandbar 

islands, sand dunes, and flat vegetated 

summits of more rugged islands; on low 

wet coastal marsh and tundra in some 

areas. 

Bar-tailed 

Godwit 

Limosa 

lapponica G5 S3B 

Nests in sedge meadows and coastal 

tundra. Staging in nearshore estuarine 

areas and beaches. 

Black Scoter 

Melanitta 

americana G5 

S3S4B, 

S3N 

Black scoters could use inshore marine 

habitat during nonbreeding seasons.   Nests 

near lakes and pools on grassy or bushy 

tundra (AOU 1983). 

Black Turnstone 

Arenaria 

melanocephala G5 S3NS4B 

Nonbreeding: rocky seacoasts and offshore 

islets, less frequently in seaweed on sandy 

beaches and tidal mudflats (AOU 1983). 

Nests mainly in salt-grass tundra; breeds 

along the coast or on offshore islands. 

Bristle-thighed 

Curlew 

Numenius 

tahitiensis G2 S2B 

Known to nest in the low mountainous 

regions of the Yukon-Kuskokwim delta.  

Tidal flats and beaches provide migration 

habitat.  

Emperor Goose  Chen canagica G3G4 S3S4 

Nest on marshy edges of ponds, lakes, and 

potholes. Brood rearing areas include 

sloughs and rivers (with Carex rariflora) 

and tidal marshes. 

King Eider 

Somateria 

spectabilis G5 S3B, S3N 

Known to nest in arctic coastal tundra.  

Nearshore marine waters provides 

wintering and migration habitat.  

McKay’s 

Bunting 

Plectrophenax 

hyperboreus GU S3 

The McKay’s bunting may use coastal 

habitat in the Bering Sea including tidal 

marshes during migration.  This species is 

only known to breed on St. Matthews and 

Hall islands in rocky areas and beaches.   

Osprey 

Pandion 

haliaetus G5 S3S4B 

Ospreys are known to use mature spruce 

tree habitat along major river systems in 

Interior Alaska (Hughes 1990). Known to 

occur in the Bristol Bay region.  
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Common Name Scientific Name Global Rank State Rank Habitat  Description 

Rock Sandpiper 

Calidris 

ptilocnemis G5 S3N, S4B 

Winters on rocky seacoasts, breakwaters, 

and mudflats.  Nests in the open on the 

ground, prefers grassy or mossy tundra in 

coastal or montane areas (AOU 1983).  

Sanderling Calidris alba G5 S2B 

Breeds in small area of high arctic tundra 

on the Arctic Coastal Plain near Barrow.  

Likely uses tidal marshes for migration. 

Winters along tidal marshes. 

Snowy Owl Bubo scandiacus G5 S3S4 

Suspected to winter in open areas near 

shorelines.  Breeds in tundra from near 

treeline to the edge of polar seas. 

Spectacled Eider  

Somateria 

fischeri G2 S2B, S2N  

Molting occurs in nearshore waters 

containing an abundance of mollusks.  

Steller’s Eider  Polysticta stelleri G3 S2B, S3N  

During molting, utilize tidal flats and 

deeper bays. Winter habitat includes 

eelgrass, intertidal sand flats, and mudflats 

possibly foraging on invertebrates. 

Whimbrel 

Numenius 

phaeopus G5 S3S4B 

Feeds on sandy beaches and spits during 

breeding season.  Nests in nearby dwarf 

shrub tundra.  Uses nearshore marine 

waters in Southcoastal Alaska during 

migration. 

Yellow-billed 

Loon Gavia adamsii G4 

S2B, 

S2S3N 

Suspected to use nearshore protected 

seawater habitat for migration and molting.  

Nests on tundra near lakes and coastal 

areas.  

Table 2. Plant species of conservation concern within the Beringian Tidal Marsh Biophysical Setting. 

Scientific Name Global Rank State Rank Habitat Description 

Eleocharis kamtschatica  G4 S2S3 Intertidal meadows. 

Gentianopsis richardsonii  G3G5T3T5 S1 

Estuary shores, beaches, coastal marshes. Known 

from a few seashore localities at Kotzebue Sound. 

Plagiobothrys orientalis  G3G4 S3 

Estuaries and lagoons at or above tidal zone, lake 

shores, river bars; also in disturbed sites such as 

airstrips and ATV tracks.  

Puccinellia arctica  G4G5 S1 

Grows along arctic seashores, with occurrences on 

the Seward Peninsula. 

Puccinellia vaginata G4 S1 Gravel beaches and edges of lagoons. 

Puccinellia vahliana G4 S3 

Found in seepage meadows brackish creeks as well 

as other habitats. 

Saxifraga rivularis ssp. 

arctolitoralis G5T2T3 S2 Occurs in wet meadows near arctic seashores. 

Zannichellia palustris  G5 S3 Brackish water. 

Plant Associations of Conservation Concern 

The plant associations listed below are designated critically imperiled or vulnerable either globally (G1-

G3) or within Alaska (S1-S3) and are known or suspected to occur in this biophysical setting (Table 3). 
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Table 3. Plant associations of conservation concern within the Beringian Tidal Marsh Biophysical Setting. 

Name Global Rank State Rank Concept Source 

Agropyron trachycaulum- Festuca rubra- 

Achillea borealis-Lathyrus palustris G3 S3 Hanson 1951 

Carex glareosa G3 S3 Boggs 2000  

Carex lyngbyei ï Cicuta mackenziana G3 S3 Crow 1968 

Carex subspathacea G3 S3 Hanson 1951 

Carex subspathacea-Salix ovalifolia G3 S3 Boggs et al. 2015 

Cochlearia officinalis G3 S3 Wiggins and Thomas 1962 

Cochlearia officinalis- Achillea borealis G3 S3 Byrd 1984 

Cochlearia officinalis ï Lathyrus maritimus G3 S3 Bank 1951 

Cochlearia officinalis ï Phippsia algida- 

Stellaria humifusa G3 S3 Webber 1978 

Deschampsia caespitosa G4 S3 DeVelice et al. 1999  

Puccinellia borealis ï Potentilla egedii G4G5 S2 Hanson 1953 

Puccinellia phryganodes G3 S3 Jeffries 1977 

Puccinellia phryganodes-Cochlearia officinalis G3 S3 Thomas 1951 

Salix arctica ï Carex lyngbyei G3 S3 

Boggs 2000, DeVelice et al. 

1999 

Classification Concept Source 

The classification concept for this biophysical setting is based on Hanson (1951). 
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