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INTRODUCTION 

Although oil exploration in the National 
Petroleum Reserve-Alaska (NPRA) and the 
Colville Delta has been occurring for decades, only 
recently have sufficient oil reserves been 
discovered in the NPRA to warrant commercial 
development. ConocoPhillips Alaska, Inc. (CPAI) 
is currently evaluating the technical and economic 
feasibility of developing three oil prospects 
between the Colville Delta and Judy Creek, on the 
Arctic Coastal Plain in the Northeastern Planning 
Area of the NPRA. The area's dynamic physical 
processes, its diverse and abundant biological 
resources, and its importance for the local 
subsistence economy, all provide significant 
challenges for minimizing the potential ecological 
impacts of oil development. In recognition of the 
complexity of the coastal plain environment, 
ConocoPhillips initiated in 2001 a broad range of 
pre-development studies to inventory and evaluate 
the physical, chemical, biological, and cultural 
resources in the area. As part of this effort, this 
report presents the results of an ecological land 
survey (ELS) conducted in the area during 
2001-2002. 

In an ELS, landscapes are viewed not as 
aggregations of independent biological and 
physical resources, but as ecological systems with 
functionally related parts (Rowe 1961; Wiken and 
Ironside 1977; Bailey 1980, 1996; Driscoll et al. 
1984). The goal of an ELS is to provide a 
consistent conceptual framework for modeling, 
analyzing, interpreting, and applying ecological 
knowledge. To provide the information required 
for such a wide range of applications, an ELS 
includes three phases: (1) an ecological land 
inventory that surveys and analyzes data obtained 
in the field, (2) an ecological land classification 
that classifies and maps ecosystem distribution, 
and (3) an ecological land evaluation that assesses 
the capabilities of the land for various land 
management practices. This three-phased 
approach of linking ecological characteristics 
within a spatial database improves our ability to 
predict the response of ecosystems to human 
impacts and facilitates the production of thematic 
maps for specialized engineering and 
environmental applications. 

The structure and function of natural 
ecosystems are regulated largely along gradients of 
energy, moisture, nutrients, and disturbance. These 
gradients are affected by climate, physiography, 
geomorphology, soils, hydrology, vegetation, and 
fauna, which are referred to as ecological 
components (in this report) or 'state factors' 
(Barnes et al. 1982, ECOMAP 1993, Bailey 1996). 
We used the state-factor approach (Jenny 1941, 
Van Cleve et al. 1990, Vitousek 1994, Bailey 1996, 
Ellert et al. 1997) to evaluate relationships among 
individual ecological components and to develop a 
reduced set of local ecosystems (ecotypes) based 
on these relationships (Figure la). Parallel to 
evaluation of landscape relationships from the 
"ground up," we used an integrated-terrain-unit 
approach to mapping that used key identifiable 
components of the landscape from the "top down." 
The resulting maps convey the integration of 
ecological components into ecotypes with 
co-varying biological and physical characteristics, 
and thus provide a much broader range of 
information that is useful for ecosystem 
management. 

An ecological land classification also involves 
the organization of ecological components within a 
hierarchy of spatial and temporal scales (Wiken 
1981, Allen and Starr 1982, O'Neil et al. 1986, 
Delcourt and Delcourt 1988, Klijn and Udo de 
Haes 1994, Forman 1995, Bailey 1996). 
Local-scale features (e.g., vegetation) are nested 
within regional-scale components, (e.g., climate 
and physiography) (Figure lb, Appendix Tablel). 
Climate, particularly temperature and precipitation, 
accounts for the largest proportion of global 
variation in ecosystem structure and function 
(Walter 1979, Vitousek 1994, Bailey 1998). 
Within a given climatic zone, physiography 
(characteristic geologic substrate, surface shape, 
and relief) controls the rates and spatial 
arrangements of geomorphic processes and energy 
flows. These processes result in the formation of 
geomorphic units with characteristic lithologies, 
textures, and surface forms, which in turn affect 
soil properties and the movement of water 
(Wahrhafiig 1965, Swanson et al. 1988, Bailey 
1996). Water movement through soil is a critical 
factor in determining the distribution of vegetation 
(Fitter and Hay 1987, Oberbauer et al. 1989), due 
to its influence on both water balance and nutrient 

NPRA Ecological LandSurvey. 2002 



ECOREGION 

f 
Disturbance 
Time 

b) 

10 100 1000 10000 1m000 10000W 

Space (m2) 

Figure 1. Interaction of interrelated state factors that control the structure and function of ecosystems 
(a) and the scales at which they operate (b). 
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availability for plants. Finally, vegetation provides 
structure and energy that affect the distribution of 
many wildlife species. The interrelated patterns 
and processes that operate across these components 
at the various scales can also be a source of 
disturbance that greatly influence the timing and 
development of ecosystems (Watt 1947, Picken et 
al. 1989, Walker and Walker 1991, Forman 1995,). 

A hierarchical approach to mapping 
vegetation and land cover was developed for 
northern Alaska by Everett and Walker (Everett et 
al. 1978; Walker 1983, 1999). They also applied 
an integrated geobotanical approach to mapping 
ecosystem components in the Prudhoe Bay region, 
but did not group the integrated units hierarchically 
(Walker et al. 1980). Recently, an 
integrated-terrain-unit approach has been used for 
large-scale mapping of ecosystems on the Arctic 
Coastal Plain (Jorgenson et al. 1997, Anderson et 
al. 2001), the entire North Slope (Walker 1999), 
western Alaska (Jorgenson 2000), and in interior 
Alaska at Fort Wainwright (Jorgenson et al. 1999) 
and Fort Greely (Jorgenson et a]. 2001). 

A nationally accepted approach to classifying 
ecosystems is lacking, although recent efforts have 
been made to develop a consensus among federal 
agencies (ECOMAP 1993) and among nations 
(Klijn and Udo de Haes 1994, Uhling and Jordan 
1996). In this report, we generally have followed 
the scales and differentiating criteria described by 
Klijn and Udo de Haes (1994), which combine 
elements of both the Canadian (Wiken and Ironside 
1977) and U.S. systems (ECOMAP 1993). 

In implementing the ecological land 
classification for mapping, we used an 
integrated-terrain-unit (ITU) approach that 
incorporated three components that have readily 
identifiable photo-characteristics. geomorphic 
units (surficial geology, geomorphology), surface 
forms (primarily ice-related features), and 
vegetation. Because this approach generates a 
large number of ITU combinations, we aggregated 
the lTUs into a reduced set of ecosystem classes 
(ecotypes) based on the landscape relationships 
developed from the analysis of the tield survey 
information. This integrated approach has several 
benefits: it recognizes the important effects of 
geomorphic processes on natural disturbance 
regimes (e.g., flooding, thermokarst) and the flow 
of energy and material, it preserves the diversity of 

environmental characteristics, and it uses a 
systematic approach to classifying landscape 
features for applied analyses. The ITU map then 
can serve as the spatial database for land 
evaluations that use differing components of the 
terrain. Specifically, results from this ELS can be 
used to help situate facilities to avoid sensitive 
terrain and high value habitat, develop appropriate 
oil spill response strategies, assess hydrologic 
patterns and cross-drainage concerns related to 
facility placement, and develop land rehabilitation 
strategies appropriate to diverse landscape. 

Accordingly, the specific objectives of this 
ELS were to 

1) conduct a field sunrey of ecosystem 
components, including geomorphology 
(surficial geology), topography, soils, 
hydrology, and vegetation within the 
study area; 

2) evaluate the relationships among 
ecosystem components; 

3) classify and map ecological components 
through an integrated-terrain-unit 
approach; 

4) aggregate ecological components into a 
reduced set of ecosystems at two scales; 
and 

5) use the ecological information to 
evaluate land capabilities or sensitivities 
(e.g., wildlife habitat, flooding regime, 
oil spill sensitivity, and winter traffic 
sensitivity). 

METHODS 

FIELD SURVEYS 

TOPOSEQUENCES AND GROUND 
REFERENCE PLOTS 

Field surveys were conducted near Fish Creek 
in northeastern NPRA during early August 2001 
and 2002 (Figure 2). A gradient-directed sampling 
scheme (Austin and Heyligers 1989) was followed 
to sample the range of ecological conditions and 
provide the spatial relationships necessq  to 
interpret ecosystem development. Sampling was 
done primarily along transects (toposequences) 
that were selected to encompass the range of 
physiographic environments, including coastal, 
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riverine, lacustrine, lowland, and upland areas. 
Along each transect, &I2 plots were sampled, 
each in a distinct vegetation type or spectral 
signature identifiable on aerial photographs. Data 
were collected at 221 plots along 24 
toposequences, and an additional 64 plots were 
sampled off transects to increase sample sizes of 
under-represented or rare classes. All plots were 
located on aerial photographs, and coordinates 
(including approximate elevations) were obtained 
with a Global Positioning System (GPS) receiver 
(accuracy *15 m). At each plot (-10-m radius), 
descriptions or measurements of geology, surface 
form (micro- and macro-topography), hydrology, 
soil stratigraphy, and vegetation cover were 
recorded. Digital photos were taken at all plots 
(data and photos are archived at ABR). Data file 
listings are provided in Appendix Tables 2 and 3. 

Geologic and surface-form variables recorded 
included physiography, surface geomorphic unit, 
slope, aspect, surface form, and depth of 
microrelief. Along five transects, topography was 
measured in detail, to obtain more precise 
information on microtopography and relative 
elevations of ecotypes. Elevations were obtained 
at frequent intervals by differential leveling using 
an autolevel and stadia rod. Measurements were 
taken at all major breaks in slope (mesosite 
variation) and periodically at low and high 
microsites (e.g., polygon centers and rims; 
microsite variation). Surveys provided only 
relative elevations; they were not referenced to 
established benchmarks because of the distances 
involved. 

Hydrologic variables measured at each 
sampling site included water-surface elevation 
(transect plots only), depth of water above or 
below ground surface, depth to saturated soil, pH, 
and electrical conductivity (EC). Water-surface 
elevations were obtained during differential 
leveling, as described above. Water depths were 
measured with a ruler. Water-quality 
measurements (pH and EC) were made with 
Oakton or Cole-Palmer portable meters that were 
calibrated daily with standard solutions. 

Soil stratigraphy was described from a 
shallow soil core or soil pit at each plot. Most soil 
profiles were limited to the seasonally thawed layer 
(-0.5-1 m) above the permafrost and these samples 
were obtained from soil plugs dug with a shovel. 

Deeper soil cores (up to 2.5 m deep) in permafrost 
were obtained using a 7.5-cm diameter SIPRE 
corer with a portable power head. Several 
additional profiles were described from cutbanks 
afier unfrozen material was removed with a shovel 
to expose undisturbed frozen sediments. 
Descriptions of all profiles were recorded using 
standard methods (SSDS 1993), and included the 
texture and color of each horizon, the depth of 
organic matter, type and percentage of coarse 
fragments, depth to rock (>15% by volume), 
redoximorphic characteristics, depth of thaw, and 
ice volume and structure. Cryogenic structure 
(forms, distribution, and volumes of ice) was 
classified in the field according to a modified 
system (Jorgenson et al. 1996). based on systems 
developed by Katasonov (1969) and Murton and 
French (1994). Similar horizons or sequences of 
repeating textures were grouped into lithofacies for 
depiction on toposequences. A single simplified 
texture (i.e., loamy, sandy, organic) was assigned to 
characterize the dominant texture in the top 40 cm 
at each plot for ecotype classification. 

Vegetation structure and composition were 
assessed semi-quantitatively. Cover of each 
species was visually estimated to the nearest I%, if 
cover was <lo%, to the nearest 5% for cover 
between 10 and 30%, and to the nearest 10% where 
cover was >30%. Species with isolated individuals 
with very low coverage were assigned a cover 
value of 0.1%. A species list was compiled that 
included all vascular plants and the dominant 
nonvascular plants observed in the plot. Total 
cover of each plant growth form (e.g., tall shrub, 
dwarf shrub, lichens) was estimated independently 
of the cover estimates for individual species. Data 
were then cross checked to ensure that the cover 
values for individual species within a growth form 
added up to the total cover estimated for that 
growth form. Taxonomic nomenclature followed 
Viereck and Little (1972) for shrubs and Hulten 
(1968) for other vascular plants. Nomenclature for 
bryophytes and lichens followed the National 
Plants Database (NRCS 2001). Identification of 
mosses and lichens during field sampling was 
limited to dominant, readily identifiable species. 
Dominant cryptogams that could not be identified 
in the field were collected and sent to Mikhail 
Zhurbenko and Olga Afonina, Komarov Botanical 
Institute, Russia, for identification. Nomenclature 
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used by Zhurbenko and Afonina was revised to that Geological and Geophysical Survey (1983) and 
used bv the National Plants Database. modified for this study. We relied on the 

ACCURACY ASSESSMENT 
As part of the field survey in 2002, data were 

collected for an accuracy assessment of the 
ecological land classification and derived wildlife 
habitat map. Sampling was done along four long 
transects (-8 km each) distributed across the study 
area. Along each transect, -40 verification plots 
were established at 250-111 intervals for a total of 
190 plots. If a plot did not fall in an area of 
uniform vegetation consistent with the minimum 
size for a map unit (0.5 ha), it was moved slightly 
to place it in a homogeneous area. At each plot, 
information was collected on GPS location, surface 
form, Viereck vegetation class, ecotype, and 
dominant plant species (if needed to resolve 
uncertainties between vegetation classes). 
Photographs also were taken at each plot. To 
ensure consistency in classification, field data, and 
photographs for all plots were reviewed in the 
office by a single observer, who determined the 
final vegetation type, ecotype, and habitat type for 
each plot. While data were gathered to evaluate 
map accuracy for both the ZOO1 and 2002 study 
areas, mapping has only been completed for the 
2001 study area to date. Only 1 18 of the 190 plots 
were within the 2001 area and available for 
analysis. Omission and commission errors then 
were tabulated for vegetation types, ecotypes, and 
habitats by comparing ground identifications with 
map polygon identifications (Congalton 1991). 

CLASSIFICATION 

Ecosystem classification was undertaken at 
two levels. First, individual ecological 
components were classified and coded using 
standard classification systems developed for 
Alaska (Table 1). Second, these ecological 
components were integrated to classify ecotypes 
(local-scale ecosystems) that best partitioned the 
range of variation for all the measured 
components. 

ECOLOGICAL COMPONENTS 
Geomorphic (terrain) units were classified 

according to a system based on landform-soil 
characteristics for Alaska, originally developed by 
Kreig and Reger (1982) and the Alaska Division of 

NPRA Ecological Land Survey, 2002 

classification of surficiai deposits by Rawlinson 
(1993) and on the surficial geology map of the 
Harrison Bay quadrangle by Galloway and Carter 
(1985). We emphasized materials near the surface 
(<2 m) because they have the greatest influences 
on ecological processes. For example, we 
differentiated several types of alluvial deposit 
(active, inactive, and abandoned floodplains) that 
were not differentiated by Carter and Galloway 
(1985). Within the geomorphic classification, we 
also classified waterbodies based on their depth, 
connectivity, salinity, and genesis. 

Surface forms (macrotopography) were 
classified according to a system modified from that 
of Schoeneherger et al. (1998). Microtopography 
was classified according to the periglacial system 
of Washbum (1973). Surface form characteristics 
also were assigned to waterbodies, to differentiate 
waterbodies with islands or polygonized margins. 
Soil characteristics were classified according to 
Keys to Soil Taronomy, Eighth Edition (Soil 
Survey Staff 1998). 

Vegetation initially was classified in the field 
using the Alaska Vegetation Classification (AVC) 
developed by Viereck et a]. (1992), with slight 
modifications to include information from Walker 
and Acevedo (1987). We also included an 
additional salt-affected class created for the 
Colville Delta (Jorgenson et al. 1997). After 
fieldwork was completed and unknown specimens 
were identified, floristic associations were 
assigned using a three-step process. First, 
TWINSPAN analysis (MjM Software Design 
1999) was conducted to differentiate plant 
associations. Second, sorted table analysis was 
used where needed to reassign plots that fell near 
boundaries between classes, or to improve 
consistency with physiography, geomorphic units, 
or soil chemistry. Dominant and differential 
species for each class then were identified. The 
dominant is a species consistently present at 
moderate to high cover values in a particular 
association. The differential is a species that, in 
combination with a particular dominant, is highly 
diagnostic of a particular plant association, 
although its cover may be low. A dominant and a 
differential species comprise the name of each 
plant association. 



Table 1. 
- 
Code - 

Cs 
CI 
Esa 
Esi 
Fdul 
Fdoi 
Fd0b 
Fdra 
Fdra 
Fhl 
Fmoa 
Fmoi 
Fmob 
Fmraf 
Fmrif 
n o  
Ltiu 
Ltic 
Ltim 
Uip 
Lmc 
Lmm 
Ltn" 
Ltdn 
Mta 
Mti 

MP 
Wldit 
Wlsit 
Wldir 
Wlsir 
Wldin 
Wlsin 
Wlder 
Wldert 
Wlderh 
Wlwrh 
Wlscr 
Wlsct 
Wlsid 
Weldl 
Welsl 
Welt 
Wrhl 
Wrln 
wert 
Wmn 

Coding system ior classifying and mapping geomorphic units, surface forms and vegetation 
in the Nonheastem Planning Area of the NPRA, 2002. 

Class Code Class 

GEOMOWHIC UNII SURFACE FORM (cont) 
Solifluction Deposit 
Landalxde Deposit (not map@) 
Eolian Active Sand Deposit 
Eolian Inactive Sand Deposit 
Delta Active Overbank Deposit 
Delta Inactive Overbank Deposit 
Delta Abandoned Overbank Deposit 
Delta Active Channel Dewst  
Delta Inactive Channel Deposit 
Louland Headwater Flaadolain 
Mcander Active Overbank Deposit 
Meander Inactive Overbank Deposit 
Meander Abandoned Overbank Deposit 
Meandcr Fine Active Channcl Deposit 
Meander Fine Inactive Channel Deposit 
Old Alluvial Terrace 
Thaw B a s i ~  Ice-rich Undifferentiated 
Thaw Basin, Ice-rich Cemer 
Thaw Basin, Iccrich Margin 
Thaw Basin Pingo 
Thaw Basin, Ice-poor Center 
Thaw Basin, Ice-pm Maran 
Thaw Basin, Icepan Undifferentiated (not mapped) 
Delta Thaw Basin, lee-poor 
Active Tidal Flat 
Inactive Tidal Flat 
Alluvial-Marine Deposit 
Deep lsolated Thaw Lake 
Shdlaw lsolated Thaw Lake 
Deep hlated Riverine Lake 
Shallow isolated Rivecine Lake 
Deep hlated RiverineThaw Lake 
Shallow Isolated berine-Thaw Lake 
Deep Connected Riverinc Lake 
Deep Connected Riverhe-Thaw Lake 
Deep Tapped Riverine Lake, High-water CoMeCIion 
Shallow Tapped Riverine Lake, High-water C o ~ e c .  
Shallow Connected Rivcrine Lake 
Shallow Connected Thaw Lake 
Shallow hlated Dune Lake 
Brackish Deep Lake, Low-uster C~MeCtion 
Brackish Shallow Lake, Low-water Connection 
Tidal Lake 
Lauland Headwdter Smam 
Lowcr PUeMid Non-glacial e v e r  
Tidal River 
Nearrhore Water 

SURFACE FORM 
Water Tracks 
S M e d  Dune 
Small Dune 

Fb 
Fh 
Fr 

LP 
Mg 
Mr 
Mu 
N 
Pd 
Phh 
Phl 
Plhh 
Plhl 
Pllh 
Plll 
Pm 
Sb 
n 
Tm 
W 
W, 
xb 
Xr 
Xd 

Bbg 
B P ~  
Hgmss 

Hgmt 
Hafm 

Hgwfg 
Hgwfs 
Hgust 
Sddt 
Sdec 
Sl0k 
Slcw 
Slow 
stow 
Stcw 

H@s 
H r n  
s d w h  
W 
Xbo 

Xby 
Xr 
Xd 

XP 

Bar (point, lateral, mid-channel) (not mapped) 
Hummocks (not mapped) 
Ripples (not mapped) 
Polygonivd Pond Margins (can include islands) 
Cclifluctian Lobes 
smng 
Undifferentiated Mounds 
Nonpatfemed 
Disjunct Polygon e m s  
High-mured, High-relief Polygons 
High-centered, Low-relief Polygons 
Iawcenfered, High-relief, High-density Polygms 
Low-centered, High-relief, Low-density Polygons 
Law-centered, Law-relief, High-density Polygons 
Low-centered. Low-relief, Law-density Polygons 
Mixed High- and Law-centered Polygam 
Bluffs and Streambanks (Lake banks) 
Beads (as beaded stream) 
Mixed Themnokarst Pits and Polygons 
Water 
Lake with lslands 
Basin Complex 
Riverme Complex 
Dune Complex 

VEGETATION CLASS 
Barrens (6% veg) 
Panlally Vegetated (MO%) 
Mo14 Sedgeshrub Tundra 
Tussock Tundra 
Common Marestall Marsh (not mapped) 
Fresh Grass Manh 
Fresh Sedge M m h  
Wet Sedge Mesdow Tundm 
Dryas Dwarf Shrub Tundra 
Casaope M S h r u b  Tundra 
Open Low Shrub Bmh-Encaceaus Shrub (not mapped) 
Closed Low W~llow Shrub 
Open Low Wtllow Shrub 
OpcnTall Willow Shrub 
Closed Tall Wcllow Shrub 
Halophytic Sedge Wet Meadow 
Salt-kllled Wet Meadow 
Halophytic Wlllaw IX\arr Shrub Tundra 
Water 
Old Bas!" Wetland Complex 
Young Basin Wetland Complex 
bverlne Complex 
Dune Complex 
Deep Polygon Complex 

EXAMPLE OF ITU CODING SYSTEM 
Geomarphic UniU Surface Fond Vegetaiion 
LtimiMwHgust or Wsir/WMgwfg 
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ECOTYPES AND ECODISTRICTS 
Classification of ecotypes was accomplished 

in three general steps: (1) the detailed ground 
descriptions were individually classified, (2) 
graphic profiles (toposequences) were developed 
to illustrate trends in ecosystem components along 
transects, and (3) contingency tables were used to 
identify the common relationships and central 
tendencies. In developing the ecotype classes, we 
tried to use ecological characteristics (primarily 
geomorphology, surface form, and vegetation 
structure) that could be interpreted from aerial 
photographs. We also developed a nomenclature 
for ecotypes that explicitly relates ecological 
characteristics (physiography, moisture, vegetation 
structure, and dominant species) in a terminology 
that can be easily understood. 

To reduce the number of ecotype classes, we 
aggregated the field data for individual ecological 
characteristics (e.g., soil stratigraphy and 
vegetation composition), using a hierarchical 
approach (Figure 3). For geomorphology, we 
aggregated classes, textures, layen, and lithofacies 
into geomorphic units (architectural elements) 
using the approaches of Miall (1985) and Brown et 
al. (1997). Geomorphic units were assigned to 
physiographic settings based on their erosional or 
depositional processes (Appendix Table 4). 
Surface-forms were aggregated into a reduced set 
of slope elements (crest, upper slope, lower slope, 
toe, and flat). For vegetation, we used the 
structural levels of the Alaska Vegetation 
Classification (Viereck et al. 1992), because they 
are readily identifiable on aerial photographs. 
Some textural classes were grouped (e.g., sandy 
and loamy) because the vegetation classes were 
similar, and some similar vegetation structures 
(e.g., open and closed shrub) were grouped 
because species composition was similar. Ecotype 
names were based on the aggregated ecological 
components. 

Common relationships among ecosystem 
components were identified by visual examination 
of graphic profiles, use of contingency tables, and 
multivariate ordination. Graphical presentation of 
topographic sequences provided an overview of 
successional relationships among vegetation 
classes and landscape features. The contingency 
tables sorted plots by physiography, soil texture, 

geomorphic unit, drainage, soil chemistry (pH and 
salinity), and vegetation type. From these tables, 
common associations were identified and tu~usual 
associations either were lumped with those having 
similar characteristics or excluded as unusual 
(outliers). Detrended correspondence analysis 
(DCA) was conducted to identify the principal 
environmental factors affecting the distribution of 
plants. Afier the reduced set of ecotypes was 
finalized, we calculated descriptive statistics for 
vegetation (means and frequencies in floristic 
tables) and environmental factors (means and 
standard deviations) to compare ecotypes. Our 
goal was to identify strong relationships that could 
be used for prediction and mapping, while 
avoiding the creation of additional classes that 
would lead to confusion and decrease accuracy. 

For classification of ecosystems at smaller 
spatial scales, geomorphic and physiographic 
criteria were used to differentiate ecodistricts and 
ecosubdistricts (Appendix Table I). The name for 
each unique ecodistrict or ecosubdishict was based 
on a general physiographic descriptor (e.g., 
lowland or highland) and a prominent nearby 
geographic feature (e.g., a specific creek or 
mountain). 

MAPPING 

Ecosystems were mapped at two spatial 
scales. Individual ecological components, which 
were later aggregated into ecotypes, were mapped 
at a large scale (1:10,000). Ecodistricts and 
ecosubdistricts were mapped at a small scale 
(1:250,000), to differentiate regions with recurring 
geomorphic units and vegetation types on the 
landscape. 

ECOLOGICAL COMPONENTS 
Individual ecological components were 

mapped simultaneously at 1:10,000 as compound 
codes called integrated terrain units (ITUs). ITUs 
were mapped by assigning a four-parameter code 
to each polygon describing geomorphology, 
surface form, vegetation, and disturbance type 
(e.g., Fmoi/Pd/Hgwst). Delineation was done 
on-screen using a true color, orthorectified, 
photo-mosaic developed from 2001 aerial 
photography and produced by AeroMap, Inc. 
(Anchorage, AK). This mosaic provided the 
geometric control for mapping and all linework 

NPRA Ecological Land Survey, 2002 8 



Ecosystem / Field i Classification of i Integrated Ecotype 
Components / Description / Ecological j Terrain Units I (local ecosystem) 

I Components I (can generate 200- , : (aggregated to 3040 
I 300 classes) classes 

I Structure ' 
Vegetation j 

Vegetation Class Wet Sedge aggregalon Vegetation 
/ Species , 

(Alaska Vegetation I Meadow b (AVC Level 3) 
I Composition I Classification Tundra 

Level 4) I 

I 1 
Surface form /-+ Surface 

I ~icropotography / 
! 

Geomorphic 
unit 

i Soil Texture /Generalized Geomorphic / 
I And ; Lithofacies Unit 
I Descriptions I (modified I 

ADGGSl 

I Lowland Wet 
Form Low-centered Sedge Meadow 

polygons 
! \ i 

Geomorphic; Abandoned- 
Unit I Overbank Deposit 

b Meander 

\ liydrogeo- 
morphic Class 

coding order: g e  i (Grouped by 
geomorphic univsurface I hydrology and 

O form/ vegetation 2 5 ;  broad soil 
I (e.g. FmobIPlhhlHgwst) / texture classes) 

$ 0 ;  

5 / 
V j 

! ! 
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was registered to this base. We also referred to 
paper copies of the 2001 color photography 
(1:14,400 scale) and 1980 CIR photography 
(1:60,000 scale) using a stereoscope to help 
improve interpretation of difficult terrain. The 
minimum mapping size for polygons (for mapping 
purposes a 'polygon' is defined as an area 
delineated on the map as a single unit, it does not 
refer to polygons in the sense of polygonized 
landforms) was 0.25 ha for waterbodies, 2.0 ha for 
complexes, and 0.5 ha for all other classes. We 
created four complex surface vegetation classes to 
map highly heterogeneous areas associated with 
dynamic geomorphic processes. The complexes 
were used for polygons where at least three 
vegetation types were present, the dominant cover 
type occupied 170% of the polygon, and inclusions 
were below the minimum size for mapping. 
Individual maps were produced for each of the 
ecological components used to create the ITUs: 
geomorphology, waterbodies, surface forms, and 
vegetation. 

ECOTYPES AND ECODISTRICTS 
Based on relationships among ecological 

components developed from analysis of field 
survey data, we aggregated the 325 different ITU 
code combinations into 43 ecotypes (Appendix 
Table 4). In many instances, small differences in 
soil characteristics associated with terrain units or 
in surface forms could be combined within the 
broader concept of an ecotype. For example, the 
ITUs "Meander Inactive Overbank Deposit/ 
Nonpatterned~Wet Sedge Meadow Tundra," 
"Meander Inactive Overbank Deposit/Disjunct 
Polygons~Wet Sedge Meadow Tundra," and 
"Meander Inactive Overbank Deposit/ 
Low-centered, Low-relief, Low-density 
PolygonsNet Sedge Meadow Tundra" were 
aggregated into Riverine Wet Sedge Meadow. This 
approach preserved characteristics related to both 
geomorphic processes and vegetation development 
and allowed us to systematically reduce the data to 
a manageable number of classes. 

Ecodistricts were delineated on-screen over a 
I:100,000-scale view of a Landsat TM image 
mosaic created by NASA. During delineation we 
referred to the surficial geology map for the NPRA 
(Galloway and Carter 1985), a map of marine 

resource areas used in the exploratory soil survey 
of Alaska (Rieger et al. 1979), and the map of 
ecoregions of Alaska (Nowacki et al. 2002) to try 
to provide consistency in boundaries. Ecodistrict 
mapping encompassed a much larger area than the 
study area to identify smaller scale relationships of 
the landscape. 

EVALUATION AND MODELING 

In this report, we present four uses of the 
integrated-terrain-unit map for evaluating the 
ecological capabilities of the land: wildlife habitat 
characterization, flood distribution, oil spill 
sensitivity, and winter travel sensitivity. In 
developing these land evaluations we used 
analyses from other studies to evaluate or rank the 
capabilities of geomorphic units or ecotypes 
associated with the ITUs. The ITU map allowed us 
to develop spatially explicit models of the 
distributions of these capabilities. 

The wildlife habitat classification was based 
on landscaoe orooerties that we considered most . . .  
important to wildlife: shelter, security (or escape), 
and food. These facton may be directly related to 
the quantity and quality of vegetation, plant species 
composition, surface form, soils, hydrology, andlor 
microclimate. We emphasize here that wildlife 
habitats are not equivalent to vegetation types. In 
some cases, dissimilar vegetation types may be 
combined because selected wildlife species either 
do not distinguish between them or use them 
similarly. Conversely, wildlife may distinguish 
between habitats with similar vegetation on the 
basis of relief, soil characteristics, invertebrates, or 
other factors not reflected in plant species 
composition. We also emphasize that wildlife 
habitat classifications for the same region may 
differ, depending on the wildlife species or species 
groups being considered. In our study, we 
concentrated on (1) breeding waterbirds that use 
waterbodies and wet and moist tundra types, and 
(2) mammals and upland birds that use shrublands 
and dry tundra types. We consolidated 325 ITUs 
into a set of 27 wildlife habitat types from a 
hierarchical classification of wildlife habitats 
(Appendix Table 5) that has been used in 
bird-habitat studies in the Prudhoe, Kuparuk, and 
Alpine oilfields (Jorgenson et al. 1989, Murphy et 

transgressions (Carter and Galloway 1982), land 
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Results and Discussion 

al. 1989, Johnson et al. 1990, Anderson et al. 1992, 
Murphy and Anderson 1993, Johnson et al. 1997). 

We developed a simple model for mapping 
flood distribution and frequency across the study 
area based on sedimentation characteristics of the 
various geomorphic units: 

fluvial deposits consisting entirely of min- 
eral sediments = frequent flooding, 

fluvial deposits with interbedded mineral 
and organic layers = infrequent flooding, 

fluvial deposits consisting entirely of 
organic material =rare flooding, and 

non-fluvial deposits =not flooded. 

The estimated return periods for these general 
classes of flooding frequency were assigned based 
on relationships developed for the Colville Delta 
(Jorgenson et al. 1996). These relationships were 
developed from a more rigorous analysis of (I)  the 
relative elevations of terrain units, (2) the areas 
flooded at various flood stages using flood 
distribution maps from a limited number of years, 
(3) analysis of sediment deposition and driftwood 
occurrence, and (4) comparison of stage-discharge 
and flood-frequency relationships at the head of the 
delta with relative elevations of terrain units. The 
flood-frequency map was produced by recoding 
the geomorphic map. 

The sensitivities of ecotypes to oil spills and 
cleanup activities were ranked based on (1) 
potential for oil to infiltrate the soil, (2) microrelief 
associated with surface forms, (3) the abundance of 
evergreen shrubs, and (4) the results of case 
histories at past spill locations. The potential for 
oil infiltration was ranked from high to low based 
on the depth to water, assuming that oil will 
infiltrate more deeply in well-drained soils than in 
saturated soils. Areas with flatter microrelief were 
considered less sensitive because cleanup 
operations would be easier. The abundance of 
evergreen shrubs is important because these plants 
are adapted to slow growth in nutrient poor 
environments and recover slowly from damage. 
The sensitivity map was produced by recoding the 
ecotype map. 

The map depicting the sensitivity of ecotypes 
to winter travel also was produced from the 
ecotype map. The winter travel map was based on 
parameters similar to those of the oil spill 

sensitivity map, but rankings for ecosystems were 
slightly different, based on case histories of past 
disturbances. 

RESULTS AND DISCUSSION 

ECOLOGICAL COMPONENTS 

CLIMATE 
Northeastern NPRA falls within two climatic 

zones: the Arctic Coastal zone that extends about 
20 km inland from the ocean, and the Arctic Inland 
zone that extends 100-200 km southward from the 
Arctic Coastal zone to the lower foothills of the 
Brooks Range (Zhang et al. 1996). The Arctic 
Coastal zone has cool summers and cold winters 
with less extreme variations in temperature, due to 
the moderating influence of the ocean. The Arctic 
Inland zone has a mean annual air temperature 
similar to the Arctic Coast zone, but the winter 
temperatures are colder and summer temperatures 
are warmer. Precipitation is slightly higher than in 
the Arctic Coastal zone. 

Based on long-term climatic records for 
Kuparuk (elevation 20 m), the nearest station in the 
Arctic Coastal zone to the study area, mean annual 
air temperature is -11.7"C, with mean monthly 
temperatures ranging from -28.2"C in January to 
8.6"C in July (Figure 4). The thawing season lasts 
approximately 1 10 days, beginning in late May and 
ending in mid October. Mean annual precipitation 
is 95 mm, with mean monthly precipitation ranging 
from 1 mm in May to 29 mm in August. About 
50% of the precipitation falls as snow, and snow 
covers the ground for 8-10 months each year. 

Climatic records for Umiat, in the Arctic 
Inland zone, represent climatic conditions just 
beyond the southern edge of the study area. At 
Umiat, mean annual air temperature is -11.9°C, 
with mean monthly temperatures ranging from 
-29.4'C in January to 12.4"C in July. The thawing 
season lasts approximately 110 days beginning in 
late May and ending in mid October. Mean annual 
precipitation is 139 mm, with mean monthly 
precipitation ranging from 2 mm in May to 27 mm 
in August. While Umiat has approximately the 
same mean annual temperature as Kuparuk in the 
Arctic Coastal zone, it has colder winters and 
warmer summers. Precipitation is slightly higher 
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Figure 4. Climate diagram for the Kuparuk and Umiat Stations adjacent to the Northeastern Planning 
Area ofthe NPRA. 

than in the Arctic Coastal Zone, particularly during 
early summer and early winter. 

GEOMORPHIC UNITS 
Twenty-seven terrestrial geomorphic units 

were identified within the delta and the adjacent 
coastal plain (Table 2). Two of these units (Slump 
Deposits and Loess) were too small in extent to 
map. A map of geomorphic units (at the surface) 
revealed large differences in the distribution of 
geomorphic units between the coast and the 
adjacent coastal plain (Figure 5, Table 3). 
Geomorphic units that were common along the 
coast included: Active Tidal Flat (1.2% of total 
area), Delta Inactive Overbank Deposits (0.6%), 
and Delta Active Channel Deposits (0.2%). In 
contrast, common geomorphic units on the 
adjacent coastal plain included Ice-rich Margins of 
Thaw Basins (25.9%), Alluvial-Marine Deposits 
(21.3%), Ice-rich Centers of Thaw Basins (10.5%), 
Eolian Inactive Sand Deposits (7.3%), and Old 
Alluvial Terrace (2.3%). Floodplains were 
dominated by Meander Inactive Overbank 
Deposits (5.9%) and Meander Abandoned 
Overbank Deposits (1 .I%). 

Geomorphic units are ecologically important 
because they represent areas with differing 
erosional and depositional environments and thus, 
have different types of naturally occurring 
disturbances. For example, Meander Active 
Overbank Deposits are frequently flooded (every 
3-5 years). This frequent sediment deposition 
prevents development of a moss layer and 
contributes nutrients that presumably contribute to 
the vigorous growh of shrubs in the well-drained 
soils. In contrast, Alluvial-Marine Deposits are 
old portions of the landscape that are not affected 
by flooding, but are subject to disturbance 
associated with cryoturbation and to thermokarst of 
large ice wedges. 

During classification and mapping, we 
maintained consistency with earlier studies in the 
area to the greatest extent possible. Surficial 
deposits in the area have been mapped at both 
regional (Williams et al. 1977, NPRATF 1978) and 
local (Carter and Galloway 1985) scales in 
anticipation of oil exploration. Our more detailed 
mapping relied on the basic units and concepts 
mapped by Carter and Galloway (1985), but we 
modified their classification to better differentiate 
active and inactive processes associated with 
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Results and Discussion 

Table 2. Classification and description of geomorphic units in the Northeastern Planning Area of the 
NPRA, 2002. Geomorphic units modified from Cater and Galloway (1985) and Kreig and 
Reger (1 982). 

Unit Description 

Solifluction Unconsolidated fine-grained, sandy, or gnwelly material. resulting t o m  mass movement of saturated 
Deposit materials. Usually associated with gelitluction processes at the base of slopes and in snowbeds. 

Slumo DeDosit A m e  of landslide devosit characterized by downward sliming of unconsolidated he-grained to eravelly . . . . .- - - - 
(not mapped) material moving as a unit. Slumps typically are associated with cutbanks along river channels. Areas uith 

slumping often have minor amounts ofother mass-wasting processes including debris sliding and falling. 

Eolian Active Fine to very fme, well-saned sand containina abundant q u a  with minor dark minerals. Sand is stratified - 
Sand Deposit with large-scale cross bedding in places. Active dunes are barren or pmtially vegetated and are undergoing 

active accretion and dcllat~on. Active dunes usually occur adjacent to exposed sandy channel deposits. 

Eolian Inactive Fine to very fme, well-sorted sand containing abundant q u a  with minor dark minerals. Sand is stratified 
Sand Deposit with large-scale cross bedding in places. Oflen contains buried soils and peat beds in upper few meters. 

Inactive duncs are well vegetated, typically have thin to thick organic soil horizons at the surface, and are not 
subject to active scouring or movement. Inactive dunes occur both on the wastd plain and adjacent to rlver 
channels. While much of the Arctic Coastal Plain is covered by thin sand sheets, the sandy surface material is 
usually included as a component of the Alluvial Plain and Alluvial-Marine Deposits. 

Delta Active Silty and sandy channel or lateral accretion deposits laid dawn 60m the bed load of a river in a deltaic setting 
Channel Depos~ts under low water velocities. This unit includes point bars, lateral bars, mid-channel bars, unvegetated high- 

w e r  channels, and broad sandbars exposed during low water. Generally, sediment texture becomes finer in 
a seaward direction along the distributaries. Organic matter, including driftwood, peat shreds, and other plant 
remains, usually is interbedded with the sediments. Only those riverbed deposits that are exposed at low water 
are mapped, but they also occur under rivers and cover deposits. Frequent flooding (every 1-2 yr) prevents 
the establishment of permanent vegetation. 

Delta Inactive Delta deposits in channels that are only flooded during periods of high flow. Because ofriver meandering 
Channel Deposits these 'Bigh-water" channels are no longer active during low-flow conditions. Generally, there is little 

indication of ice-wedee develwment. although a few older channels have b e a n  to develoo oolvean rims. - - - . . .- 
Very old channels with well-developed low-centered polygons are not included in this unit. 

Delta Active Thin (10-50 cm) he-grained, horizontally stratified cover deposits (primarily silt) that are laid dam over 
Overbank sandier channel deposits during flood staaes. Relatively 6euuent (evny 3-4 yrs) de~osition orevents the - - 
Dcpos~ls doeloprncnt of a surfact organlc horlron Supra-pcrmafrosl groundwater gcnerallr I, dbscnl or orcur* onl) 

at thc bonom of the acme la)er dur~ng mtd-summer Th~s  unbt u>udly occurs on the "?per ponton%ofpolnl 
and lateral bars and supports low and tall willow vegetation. 

1)elt.q Inaclnr. Flnc-grained a n r ~  or \enlcal accrcllon depos~ts laid d c w  o\cr coarser ;hannel dcpos~ts during fluads lhs 
Overbank surface layas arc a sequence (20-60 crn thick) of ~ntcrbeddcd organic and stlt hun7ons. ind~atlnp uccslonal 
Deposits flood deposition. Under the oraanic horizons is a thick layer (0.32 m thick) of silw cover d e ~ o s i i  ovalvine - . . . - 

channcl deposits. Surface forms range 6om nonpancrned to disjunct and low-density, low-centered 
polygons. Lenticular and reticulate foms of segregated ice, and massive ice in the form of ice wedges, are 
wmmon 

Deltq Peat, silt, or h e  sand (or mixhlres or interbeds of all three), deposited in a deltaic overbank environment by 
Abandoned- tluvial, eolian, and organic processes. There deposits generally consist of an accumulation of peat 20-60 cm 
floodplain Cover thick overlying cover and riverbed alluvium. Because these are older surfaces. eolian silt and sand mav be . - 
L)C~)OSII mrnrnon as distinct la)urs ur as mtcrnuxcd rd~mcnts  Ihe iurfscc la)cr. huwpver. us~ally lailo invrbcdded 

slit l a ) m  asucialcd uith occasional flood depas~t~on. Lenl~cular and rcltculate forms of scgrugated ice. and 
massive ice in the form of ice wedges, are common in these devosits. The surface is characterized bv hi& - . - 
density, low-relief polygons and represents the oldest surface on the floodplain. 

Meander Fine Sand and mud deposited as lateral accretion deposits in active river channels by fluvial processes. 
Active Channel Occassional subrounded to rounded pebbles may be present. Frequent deposition and scouring 6am 
Deposits tlooding usually restricts vegetation to sparse pioneering colonizers. The channel has a meandering 

configuration characterized by po~nt bars. 
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Table 2. (Continued). 
Unit Description 

Meander Fine Sand and mud deoosited as lateral accretion deoosits in inactive channcls durine oeriod a f h i l  flow. -. - 
Inactive Channel Because ofriver meandering these "high-water" channels are no longer active during low-flow conditions. 
Deposits Generally, there is liltle indication of ice-wcd~e development, althoueh a few older channels have benun to 

develop polygon rims. Very old channels with well-developed, low-centered polygons are not included in 
this unit. 

Meander Active Thin (15-30 cm), fine-grained cover deposits (primarily silt) that are laid down over sandy or gravclly 
Overbank riverbed deposits during flood stages. Deposition occurs sufficiently frequently (probably every 3 4  yrs) to 
Deposit prevent the development of a surface organic horizon. 'this unit usually occurs on the upper portions of point 

and lateral bars and supports riverine willow vegetation. 

Meander Inactive Interbedded laven of mat and siltv verv h e  sand material (1 5-60 cm thick). indicafine a low frauencv of Bood 
Overbank deposition. cover d4wits below.thls iayer generally consist ofsilt but rnaikclude peibbly silt anb sani and 
Deposits usually are in sharp contlct with underlying channel deposits, This unit has substantial segregated and massive 

ice, as indicated by the occurrence rce-wedge polygons: 

Meander Sediments are a mixure afpeat, silt or tine sand. Surface organic horizon is free of fluvial deposits indicating 
Abandoned the terrain is no longer affected by riverine processes. Typically, these areas occupy the highest position on 
Overbank the flooddain. and reoresat the oldest local terrain. Abandoned floodolain deoosits micallv have at least . . .. . 
Deposits 20 cm ofsurface organics over silt-loam or fine sand alluvium. Low center polygons and small ponds are 

common. 

Headwater Small streams and eibutaries in lowland areas that are om small to be delineated apan from their associated 
Lowland floodplains. These low gradient stream amy little sedunent and the floodplain g e n d l y  is restricted to the 
Floodplain immediate vicinity of the strem. 

Old Alluvial Old alluvial deuosits, weathered or overlain with eolian and oraanic material (terrace D of Rawlinson 1993). - 
Tcnacc Sotls are rnoturbavd loam or sand) loam, hunedorganla ollcn arc prcxnt High-centered pal)pons are the 

most common swtiw form ~ndlcat~ng htgh icc content ofswfacr sods lha\v barns d,o me common featwn 

Alluvial-Marine 
Deposits 

Loess 
(not mapped) 

Thaw Basin 
Deposit, Ia-poor 
Centers 

Thaw Basin 

Composition is variable but generally consists of a sequence of eolian, alluvial, and marine deposits. Thickness 
of pebbly eolian sand is highly variable and sometimes absent. Underlying fluvial deposits include gravelly 
sand, silty sand, and organic silt and occasionally have buried peat beds and logs. Shatified layers of marine 
gravelly rand, silty sand, silt and minor clay occur in some locations beneath the fluvial deposits and commonly 
me fossiliferous. This unit is not subject to river flooding. Surfice materials m be difircntiated as sandy 
(Mps) or he-grained (Mpf). This unit includes both the alluvial sand over marine silt and clay (Qam) and 
alluvial and eolian sand and m h e  sand and silt (QTas) units ofcater and Gallaway (1985). 

Wind-blown silt and very line sand in homogeneous, oonsuatified deposits. On the coastal plain in the study 
area, loess typically occurs as a layer too thin (<0.5 m) to map as a surticial material. 

Lacushe deposits formed by the draining of thennokarst lalres or other lakes. Soils of the basin center typically 
are he-erained and organic-rich. with stratieraohv re-formed bv subsidena. The Dresence of nonomemed - - - .  . 
ground or dsjund pol)gonal mlr ~ndlsales Iha~ ground la. canlcnl 1s luu and that lakc drlunagc ha* o;;urrcd 
rccenlly Ponds in thew bas~ns typ~cally hate irregular rhorcl~nc\ wd arc hnghl) interconneiled 

Lacustrine dewsits formed bv the drainha of thermokarst lakes or other lakes. Soils of the basin marains 
Deposit, Ice-poor typically are A d y  with a thiik s u r k  or&c horizon. The presence ofnonpattemed ground or disj&ct 
Margins polygonal rims indicatss that ground ice content is low and that lake drainage has occurred recently. Ponds in 

these basins typically have irregular shorelines and are highly interconnected. 

Thaw Basin The sediments are similar to those of ice-poor thaw lake deposits but have much more ground ice, as indicated by 
Deposit, Ice-rich the development of low-centered or high-centued polygons, The centers of basins usually have organic-rich 
Centen silty sediments that have high-potential for ice sewgation and often are raised by ice a!ggadation. Surface 

morphology ranges from low-center polygons at early stages of development to high-centered polygons on 
distinctly raised domes. 
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Table 2. (Continued). 
Unit Description 

Thaw Basin The sediments are similar to those of ice-poor thaw lake deposits but have much more ground ice, as indicated by 
Deposit, lce-rich the development of low-centered or high-centered polygons. Waterbodies within these basins tend to be 
M a r a s  rccmgular, to have smooth, regular shorelines, and to be poorly inlermnnected. 

Thaw Basin Sediments similar to ice rich thaw lake deposits but having less ground ice with poorly developed low-centered 
Deposit, Ice-rich or high-centered polygons. This type is used when the thaw lake centers and margins are poorly differentiated. 
Undifferentiated 

Thaw Basin Sediments similar to ice-rich thaw basin centers but with much more ground ice indicated by a raised area of 
Deposit Pingo well-drained high center polygons. 

Delta Thaw Deposits in thaw lakes within deltaic deposits. They usually are connected to a river or to nearshore water 
Basin. Ice-war (tamed lake). Most mnnections occur when a meaoderin~ distributary cuts throueh a lake's bank once 

connected the lakc s influenced b) changcs in nva 1r.vr.l- h l n g  hreakup, largc~uanl~rier ofrsdment-la~m 
\\ater flou into the lake, formmg a lakc delta at thc point oibrcdnhmugh. Scdments generallv A,R\I\I uiline 
sand% silts, and clays and typically arc slightly saline. 

Active Tidal Flat Areas of nearly flat, barren mud or sand that are periodically inundated by tidal waters and undergoing active 
sedimentation. Tidal flats ocno on seaward margins of deltaic esmaries, leeward poRions of bays and inlets, and 
at mouths ofrivns. Tidal flats fre~uentlv are associated with laaoons and estuaries and mav vani widelv in . . - . . 
<al!nl~). depoldlng on hou cxposcd the Eat IS lo salt-uater mculun wd the rare o t n t l m o f  k s h  tvakr. 
Although s~mllar 14) delta rherbcd sandbar deponu, the! arc hNerenlialed by the~r w u e n u :  a\ mang~lar 
shaped&dilats along the fringe of the delta 

Inactive Tidal Flat Areas of nearly flat, barren mud or sand that are periodically inundated by tidal waten bur sedimentation a 
in6equeot dowing the build up of organic material. The surface is vegetated with halophytic vegetation 
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Geomorphic Unit 

Eollan Aci~vs Sand Deposit Lowland Headwaler Floodplan Old Alluvial Terrace Thaw Bas~n, lcench UndMetenbated 
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Meander Flne lnadlve Channel Oeposll Della Active Overbank Deposit 1 Thaw Bas~n. Ice-poor Margln Inadve Tidal Flat 
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Resulis and Discussion 

* 
fluvial, eolian, and lacustrine deposits. We used a 
map of terraces associated with past marine 
transgressions (Carter and Galloway 1982) as the 
main basis for differentiating between and 
Alluvial-Marine Deposits. For thaw basins, we 
initiated a new classification approach by 
differentiating silty centers from sandy margins, 
and ice-rich basins from ice-poor basins, based on 
the results of a con~panion study of geomorphology 
in the area (Jorgenson et al. 2003). 

WATERBODIES 
Nineteen classes of waterbody were identified 

within the delta and the adjacent coastal plain 
(Figure 6 ,  Table 4). Waterbody types that were 
common on the coastal plain included Deep 
Isolated Thaw Lakes (9.1 %), Shallow Isolated 
Thaw Lakes (2.5%), Deep Isolated Riverine Lakes 
(1.3%), and Lower Perennial Rivers, Non-glacial 
(0.8%). Salt-affected waterbody types that were 
common near the coast included Nearshore Water 
(0.5%) and Tidal Lakes (0.2%). 

The waterbody classification differentiated 
numerous characteristics that affect habitat use by 
invertebrates, fish, and wildlife. In general, 
shallow water tends to melt earlier and become 
warmer than deep water, connected lakes allow 
better fish passage than isolated lakes, and tapped 
lakes and brackish lakes have widely varying 
salinity levels. 

SURFACE FORMS 
One of the most striking features of the study 

area is the seemingly endless variety of patterns on 
the ground surface. We emphasized surface forms 
in our mapping because they are related to the to 
freezing and thawing of surficial materials 
(Leffingwell 19 19, Black 1952, Washburn 1956, 
Lachenbruch 1962, Hartwell 1973, NWWG 1988) 
and thus are good indicators of the extent of 
subsurface ice (Sellman et al. 1972, Billings and 
Peterson 1980, Walker et al. 1980, Jorgenson et al. 
1997). The volume of ice contributed by wedge 
ice increases from 0% in Nonpatterned areas to 
20% in Low-centered, High-density Polygons 
(Jorgenson et al. 1997). Surface forms also greatly 
influence drainage patterns and were used to help 
interpret soil moisture. Nonpatterned areas appear 
to be more productive, presumably because 
subsurface movement of water and nutrients is not 

impeded by thc frozen soils underneath the 
polygon rims. 

Twenty-seven surface forms were identified 
within the delta and the adjacent coastal plain, 
although three (Hummocks, Ice-cored Mounds, 
and Ripples) occurred only in areas that were too 
small or indistinct to map (Figure 7, Table 5). The 
most common surface forms were Higb-centered, 
Low-relief Polygons (27.9%); Mixed High- and 
Low-centered Polygons (1 2.4%); Low-centered, 
Idow-relief, Low-density Polygons (9.8%); and 
Mixed Thaw Pits and Polygons (8.6%) (Table 3). 
Three surface forms related to water were 
differentiated because they are important for 
mapping waterbird habitat: Water (9.9%); Lakes 
with Islands (5.6%); and Polygonized Pond 
Margins (1.7%). 

SOILS 
Twenty-four soil classes (Table 6) were 

identified during field sampling, the most common 
types observed being Typic Aquorthel (11.5% of 
observations), Typic Historthel (8.6%), Typic 
Cryopsamment (8.0%), Typic Aquiturbel (7.5%), 
and Typic Histoturbel (6.9%). Wc did not prod~lce 
a separate soils map because the landscape 
relationships were not sufficiently consistent to 
allow us to reliably predict individual soil types 
from ITUs or ecotypes. While some soil types 
were restricted to only a few terrain units, other 
soil types were found across a wide range of terrain 
units. For example, Typic Cryofluvcnts usually 
were found only on Meander Active Overbank 
Deposits, and Typic Cryopsamments were fo~md 
on Eolian Active Sand Deposit and Eolian Inactive 
Sand Deposit. In contrast, the most comlnon soil 
type Typic Aquothels was found on 10 different 
terrain units. The wide diversity of soil types and 
inconsistent associations with other ecological 
components were due to the sensitivity of' the 
classification to small differences in organic depth, 
thaw depth, soil texture, moisture, and layering of 
horizons. While soils have been classified and 
mapped using the old Soil Conservation Service 
(SCS) classification taxonomy for limited areas 
near Meade River (Everett 1980), Fish Creek 
(Everett I978), and Prudhoe Bay (Walker et al. 
1980), classification and mapping of soils with the 
new Natural Resource Conservation Service Soil 

NPRA Ecological Land Stiney, 2002 



Reszrlls arid Discussion 

NPRA Ecological Land Survey, 2002 





Results and Disctusion 

Table 4. Claviit'cation and description of waterbodies (aquatic geomorphic units) in the Northeastern 
Plannine Area of the NPRA. 2002. 

- - - 

Unit Description - 
Nearshore Water Shallow estuaries, lagoons, and embayments along the coast of the Beaufort Sea. Winds, tides, river 

discharge, and sea ice ma te  dynamic changes in physical and chemical characteristics. Tidal range 
normally is small (<0.2 m), but s tom surges produced by winds may raise sea level as much as 2-3 m 
Bottom sediments are mostly unconsolidated mud. Winter hezing generally begins in late September and 
is complekd by late November. The ice-free period extends 6om July until October. 

Tidal Lake 

Tidal River 

Coastal lnkes and ponds that are flooded periodically with saltwater dwing high tides or storm surges. 
Salinity levels oken are increased by subsequent evaporation of impounded saline water. The substrate 
frequently is silt with some clay and h e  sand and occasionally wnlains peat Comected and isolated 
ponds were not direrentiated &om each other. 

Permanently flooded channels of lower Fish Creek and the Colville River that are affected by daily tidal 
fluctuations and have comspondingly variable salinity. The channels generally experience peak flooding 
during spring breakup and lowest water levels during mid-surmner. During winter unkozen water in deeper 
channels can become hypersaline. 

Lower Perennial Pennanently flooded charnels of freshwater rivers wfiere the grddient is low and water velocity is slow. 
River, Non- There is no tidal influence and some water flows throughout the summer. Rivers generally expenence peak 
glacial flooding during spring breakup and lowest water levels during mid-summer. The rivers have well- 

developed floodplains. 

Lowland 
Headwater 
s m  

Permanently flooded W order tributaries of Judy Creek, Fish Creek, and the Ublutuoch River. 

Deep Connected Deep (2 1 .S m) uaterbodies that do not freeze 10 the botLom during winter and have low-water conr~ections to 
Riverine Lake the main river channel. The lakes develop in abandoned channels and old oxbows. They are subject to 

infrequent flooding sedimentation, and fish migration during flmdmg Sediments are sand and silt. 

Deep Tapped k p  (21.5 m) waterbodics that do not ikeze to the botlom during winter. These lakes are connected to rivers 
Riverine Lake, during flooding events. Thcy occur on river floodplains above coastal deltas and thus not subject to flooding 
High-water by brackish water. Sediments are he-grained silt and clay 
Connection 

Deep Connected Deep (21.5 m) watehodjes that do not heze  to the boaom during winter and have low-\@er comections to 
Riverine-Thaw the main river ctrannel. The lakes develop h m  thawing of icsrich permahst on river floodplains and thus are 
Lake sxtbjc~ ta l o q e n t  flooding sedier~tation, and fish migration during llocdiig. Sedirrlents are sand and silt 

Deep lsolated 
Thaw Lake 

Deep Isolated 
R i v e ~ e  l.ake 

Deep Isolated 
Riverine-Thaw 
Lake 

Deep (21.5 m) waterbodies that do not 6eeze to the bottom during winter. These lakes have no distinct outlets, 
and are not connected to rivers. The lakes develop fiom thawing of ice-rich permahst. Sediments are fine- 
grained silt and clay. 

Deep (21.5 m) waterbodies formed in old river channels. They do not h e z e  to the bottom during winter. 
These lakes have no distinct outlets. They are connected to rivers only dwing flood events. Sediments are 
fine-grained silt and clay. 

Deep (21.5 rn) waterbodies that do not l?eeze to the bottom during winter. These lakes have no distinct outlets: 
and are not c o ~ e x ~ e d  to rivers. The lakes develop from thawing of ice-rich pennahst on river floodplains and 
thus are subjed to infrequent flooding, sedimentation, and fish migration d u ~ g  flooding. Sedirnents are fine- 
grained silt and clay. 
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Table 4. (Continued). 

Shallow 
Connected 
Riverine Lake 

Shallow Tapped 
Riverine Lake, 
High-water 
Connection 

Shallow Isolated 
Thaw Lake 

Shallow 
Connected Thaw 
Lake 

Shallow Isolated 
Riverine Lake 

Shallow Isolated 
Riverine-Thaw 
Lake 

Shallow Isolated 
Dune Lake 

Brackish Deep 
Tapped I.ake, 
Low-water 
Connection 

Brackish Shallow 
La&, Low-water 
Connectiot~ 

Shallow (el .5 m) ponds or small lakes wilh or without emergent vegetation that are co~mcded to the river by 
low-water connections. Lakes form in abandoned channels and old oxbows. Water & e m  Lo the bottom 
during winter, thaws by early to mid-June, and is warmer than water in deep lakes. Sediments arc sand, silt, 
and day. 

Shallow (4 5 m) ponds or lakcs that do not fieeze to the botlom during winter. These lakes are connected to 
rivers during flooding events. They occur on river floodplains above coastal deltas and thus not subject to 
f l o o h g  by brackish water. Sediments: are he-grained silt and clay 

Shallow ( 4 . 5  rn) ponds or small lakes with or widlout emergent vegetation. Water keezes to the bottom 
during winter, thaws by early to mid-June. and is warmer than water in deep lakes. Sediments are fine- 
grained silt and clay. These ponds most commonly are found within Ice-rich Thaw Basins 

Shallow ( 4 . 5  m) ponds or sniall lakes with or without emergent vcgetation. These lakcs are connected to 
rivers by channels or outlets even during low-water connections. Water freezes to the bottom during 
winter, thaws by early to mid-June, and is wanner than water in deep lakes. Sediments are fino-graincd silt 
and clay. These ponds most commonly are found within Ice-rich Thaw Basins. 

Shallow ( 4 . 5  m) pouds or small lakes with or without emergent vegetat~on. Lakes form in abandoned channels 
and old oxbows. Wakr ffeezes to the bonom during wiutcr, thaws by early to mid-June, and is warmer than 
water in deep lakes. Sedimeuts are sand, silt. and clay. 

Deep (21.5 m) waterbodies that do not 6eeise to the bottom during winter. These lakes have no distinct 
outlets, and are not connected to rivers. The lakes develop from thawing of ice-rich permafrost on river 
floodplains and thus are subject to ir~kequent flooding, sedimentaf on, and fish migration during flooding. 
Sedintents are fine-grained silt and clay. 

Shallow (<1.5 m) ponds or lakcs without a distinct outlet that form in depressions among sand dunes. They 
fieeze to the bottom during the winter. This class was mapped only on the Colville Delta. 

Deep (>1.5 m) brackish (>go0 pS/crn) waterbodies that have been parlially drained ttuougl~ erosion of 
banks by adjacent river channels, and are connected to rivers by distinct, permanently flooded channels. 
The water typically is brackish because the lakcs are usually withiti the delta and subject to seawater 
flooding every year. Because water levels bave dropped afler tapping. tbe lakes generally hnve broad Oat 
shorelines with silty clay sediments. Salt-marsh vegetation is common along thc shores. Lakes do not 
beezc to the bonom during the winter. 

Shallow (c I .5 m) brackish waterbodies that have been partially drained though eroslon of banks by 
adjacent river cl~annels, and are connected to rivers by distinct, permanently flooded charlncls. The water 
typically is brackish because the lakes are usually within the delta and subject to tlooding every year. 
Because water levels have dropped after tapping, the lakes generally have broad flat sl~orelines with silty 
clay sediments. Salt-marsh vegetation is common along the shores. Lakes freeze to the bottom during the 
winter. 
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Results and Discussion 

Table 5. Classification and description of surface form classes in the Northcastern Plannir~g Area of 
the NPKA, 2002. 

Class Description 

Watcr Tracks Found in a r m  where elevation and drainage are sufficient to cause stnall swafes and ephemeral drainage 
ways but not an incised drainage. Most water tracks are connected polygon troughs in depressed areas of 
gentle slopes, but they also form short flooded wmcctions betweer1 lakes. Water conunonly is present 
throughout the summer months. 

Small Dune Elongated mounds or low ridges composed of wind-blown sand. 

Streaked Dune A fonn of dune on which wind scouring has caused sbipes or undulations in the dune surface. Stripes are 
roughly parallel and form an acute angle to the long axis of the dune. 

IIumrnocks (not S~nall mounds composed of  organic-rich, fine-grained mineral soil, rlsually < 50 cm high. Hummocks 
mapped) typically occur on gcntle slopes and are thought to be caused by runoff from melting snow combined with 

thermal erosion. 

Gelitluction Lobes Imbricate lobes or sheets formed by slow, massive. downslope flow of saturated soils and vegetation. 
Gelifluction lobes frequently form on steep slopes where there is a ready source of meltwater and an 
impermeable frozen sub-layer. 

s m g  Small hummocky ridges (< 50 crr~ high), or strings, formed by ice developtnent and oriented perpendicular to 
the direction ol'slope. Areas between strings often have standing water. 

Ice Cared Mounds Small mounds (0.3-1 m high) formcd h m  rapid ice aggradation at the top of the permahst. The mounds 
(not mapped) usually ate 5-15 m across. Tney often form in young drained basins. 

Undifferentiated Isolated but repeating low mounds that are not attributed to specific geomorphic or periglacial processes. In 
Mounds the study m a ,  it was used for low mounds on point bars that are formed partly by eolian and fluvial 

processes. 

Nonpattemed These flat areas show no evidence of polygonal rims caused by the development of ice wedges. Ice wedges 
may be present but are not expressed in the surface form Small, elevated microsites that may be present 
generally are < 30 cm high and compose less tl~an 5% of the surface area. Nonpattemed g~ound includes 
some of the youngest portions of the tundra landscape, such as recently drained thaw lakes or young 
floodplains. 

Ripples (not 
mapped) 

Small scale features with small repeating, sinuous, linear features formed by wind or water movement. Thev 
typically occur on point bars and active dunes, but were not mapped. Ripples on active channels were 
rnapped as Nonpatterned. 

Disjunct Polygon Disjunct polygon rims are found where ice-wedge developn~ent is evident but not suficient to create closed 
Rims polygons. This surface form is common in relatively recently drained thdw basins and isolated depressions in 

older basins where ice wedges are actively developing. 

High-centered, High-centered polygons are composed of a raised "center" and a relatively low "trough" between centers of 
Low-relief adjacent polygons and no rim. Most high-centered polygons range between 5 and 10 m in diameter. 
Polygons Gerierally, high-centered polygons result h m  the melting of ice wedges in the troughs between polygons. 

The centers are only slightly raised (< 50 cm) with respect to the bough or crack areas. This class also 
includes "flat-centered" polygons where the relief between centers and tr6uglu is barely noticeable. This 
surface form is common on old surfaces such as abandoned floodplains deposits, alluvial-marine terraces, or 
older ice-rich drained basins. 

High-centered, Areas of high-centered polygons (see above) in which progressive thawing of the ice wedge causes 
High-relief subsidence, resulting in the development of deep (> 50 an) troughs. This process frequently is related to 
Polygons changes in drainage and can be found near lake outlets, adjacent to streambanks or resulting from surface 

disturbance. 

hw-centered, Well-developed polygons with a central low "basin," a raised "rim," and (frequently) a "bough" between 
Low-relief; Low- polygons. Typically, polygons range from 15 to 30 m across and rims are less than 50 cm tall. Larger 
density Polygons polygons ofien are partially bisected by newly forming rims. I h e  polygons are formed by the development of 

a polygonal network of ice wedges in the permafrost. 
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Table 5 .  (Continued). 
Class Description 

- 

Low-centered, Wcll-developed polygons with a central low "basin," a raised "rim," and (frequently) a "trough" between 
Low-relief, High- polygons. Typically, polygons range from 8 to 15 rn across and rirra are less than 50 crn tall. Larger 
density Polygons polygons often are partially bisected by newly formingrims. 

Mixed High- and lhis  surface font1 generally is indicative of a transition from low to high centers. It is caused when ice 
Low-centered wedges begin to melt between low center polygons and drainage i s  altered. Also the accumulation of ice and 
Polygons organic matter in the low centers can raise the surface to high-centers. 

Mixed Thaw Pits This class contains elements of both high- and low- centered polygons and is characterized by deep 
and Polygons thermokarst pits that cormnonly occur at the intersections of polygon troughs. 

Beads 

Bluffs and 
Stream banks 

The Bead surface form is used in association with Lowland Headwater Streams that are formed through the 
connection of adjacent thermokarst pits. The stream channel consists of small linked ponds, resembling 
beads on a string. 

Moderate to steep slopes of unconsolidated material. Banks form fiom urldercutting by streams or tliemal 
erosion due to transfer of heat by water and wind at lake margins. 

Dune Complex Dune Complexes are repeating patterns of ridge and swale formed by eolian deposition and erosion. Most 
dune complexes are found immediately behind active dunes and river point bars and may be furher eroded 
by flooding during periods of especially high water. 

Basin Complex Complex microrelief within large basins formed by the thawing and draining of lakes in icerich perrnat7ost 
In young, Ice-poor Thaw Basins, the complex generally includes Ponds, Nonpatterned ground, and Disjunct 
Polygons. In older, Ice-rich Thaw Basins, the complex usually corisists of Ponds, Low-centered Polygons, 
and Hi&-Centered Polygons. 

Riverine Complex This class is used when surface components of a floodplain are too small to be mapped separately. Surface 
forms in this type include Water, Nonpatterned gravels, Beads, Disjunct and High-centered Low-relief 
Potygons, and Hummocks. 

Polygonized Pond A distinctive feature of pond shorelines fonned when polygon centers merge with the adjacent pond leaving 
Margins the elevated rims as peninsulas extending into the waferbody. This class is appropriate when at least 1 O?!  of 

the shore is polygonized, islands may also be present. 

Lake with Islands Lakes with one or more islands present Islands must be at least I m across and 3 m !?om the shore to be 
included in this class. 

Water Areas covered by permanent water. 
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Table 6. Classification and description of soil classes in the Northeastern Planning Area of the NPRA, 
2002. 

Soil Class Descri~tlon 

Typic 
Cryaquent 
(Eact) 

- -- - - -- 

Poorly developed, wet soils with a thin organic surface layer (less than 8 cm) and dee.p season thaw (> I m). This so11 is 
unusual in the study area because most we1 sods have shallow thaw depth and a substantial organic surface layer. The sole 
observalion in the study area was in the shallow nearshore portions of a lake, in an Arclophila fuh,a grass marsh. 
Absorption of solar radiation by the shallow water on this site increases the thaw deplh; and the lake bottom was probably 
colonized by vagetatron rather ~ecently, so that little surface organlc layel has accumulated. T h ~ s  soil lacks other 
dist~nguishlng features, and thu. is a Typic Cryaquent. This soil may be fairly common in the study area in this h~ghly 
specialized habitat. 

Typic 
Cryofluvenls 
(Efct) 

Aquic 
Cryofluvents 
( Efca) 

Typic 
C~yorthents 
(Eoct) 

Typic Cryo- 
ysarnments 
(ESP) 

Fibrlstels, 
undiffer- 
entiated (Ghf) 

Hemistels, 
Undifferentiated 
(Ghd 

Fluvaquentic 
Hem~stels 
(Ghff) 

Fluvaquentic 
Sapristels 
(Ghsf) 

Typic 
Haplorihels 
(Goht) 

Poorly developed, stratified, well-drained solls, with deep (>I m) thaw depths. They have little 01 no organic surface layer 
but several to many dark, orgmlc-rich subsurface layers separated by mineral soil with little organic matter. The mineral 
soil consists of alternating sandy and silty layers that have not been derormed by fiost action. These soils occur on active 
floodplains or small dunes on rivcr floodplains with sparse vegetation or low willows. Many Cryofluvents are covered by 
river floods nearly evely year. 

Poorly developed, stratified, somewhat well-drained soils, with deep (>I ~ n )  thaw depths. They have little or no organic 
surface layer but several to many dark, organic-rich subsurfice layers separated by mineral soil with little organic matter. 
The mineral soil consists of alternating sandy and silty layers that have not been deformed by frost action. These soils occur 
on active floodplains or small dunes on river floodplains with sparse vegetation or low willows. Aquic Cryofluvenls are 
moister and more monled than l'ypic Cryofluvena. 

Poorly developed, etcessively or well-dlainecl soils, w~lh deep ( > I  m) thaw depths. Tl~ey have little or no organic surface 
layer or burled organic layers. They resemble the more widespread 'Typic Cryopsarnment soils, bur are composed of sand 
mixcd with somc very fine sand or silt rather than pure sand as in Typic Cryopsamments. They occiu on gentlc vegetated 
sand dunes near rivers. Vegetation is usually Dryas Dwarf Shrub Tundra or low willows. Typic Cryonhcnts lack any other 
features and are the only Cryorlhents observed in the study area. 

Poorly developed, sandy, excessively or well-drained soils with deep (>I m) thaw depths. They have little or no organic 
surface layer, and consist of homogenous sand with few or no dark layers. The soils occur on sand dunes or, less frequently, 
sandy river floodplains. Vegetalior~ is usually Dryas Dwarf Shrub 'Tundra or low willows. sometimes w ~ t h  unvegetated 
"blowout" (wind-eroded) areas. Typic Cryopsamments lack any othcr features and are the most common Cryopsamments in 
the study area. 

Poorly drained soils with shallow thaw depths (<I m) above pennafrost, composed dominantly of organic mailer that is only 
sl~ghtly decomposed. The water table is almost always near the ground surface, and the depth of thaw in late summer is 25 
to 40 cm. These soils occur in areas of low-center polygons or disjunct polygon rims in drained lake basins, or on i n x t ~ v e  
or abandoned portions of floodplains. Vegetation is usually Wet Sedge Meadow Tundra. 

Wet, sl~ghtly decornposcd organic soils with stlallow thaw depths (<I m) to pemrafrost The soils have onc or more layers 
of mineral material within the mostly organic soil mass, due to sediments depos~ted by flooding along rivers anrl lakes or by 
wind. So~ls  were primarily found on floodplainsand lake basins and always associaled with Wet Scdge Meadow Tundra. 

Hemistels are wet soils with permafrost composed dominantly of organic maHer that IS moderately decomposed. ' f i e  water 
table IS almost always within 20 cm of the grotu~d surface, and the depth ofthaw in late summer is 20 to 40 cm. These soils 
occur in areas of low-center polygoils, disjunct polygor~ rims, or tussocks, i r ~  hained lake basins or on terraces. Vegetation 
is usually Wet Sedge Meadow or Tussock 'l'ur~dra. 

Wet soils with a shallow activc layer (<I m) above permafras?, composed dorn~nantly of organic matter that is moderately 
decomposed. The soils have one or more layers of mineral material within the mostly organic soil mass, due to sediments 
deposited by flooding along rivers and lakcs or by wind So~ls  were primarily found in old lake basins and coastal plain 
deposits They usually are associated \nth Wet Sedge Meadow but occasionally Tussock Tundra. 

Sapristels are wet soils with permafrost composed dominantly of organic matter that is highly decomposed. The depth of 
thaw IS typically 25 to 40 cm in late summer. These soils arc not widespread and appear to occur mostly on sites that werc 
formerly saturated but currently better drained due to locat~on near an escarpment or on a high-center polygon. 

Wei soils with a s h a ~ ~ d w  active layer (<I m) above permafrost, composed dominantly of organic matter that is highly 
decomposed. The soils have one or more layers of mineral material within the mostly organic soil mass, due to sediments 
deposited by flooding along rivers and lakes or by wind. This usual soil type was found on old Alluvial-Marine Deposits 
that supporied acidic Tussock Tundra. 

Well-drained, fine-grained soils w~th a shallow active layer (< I m) above permafrost and lack~ng evidence of frost churning 
or wetness The organic surfiace layer is thin, usually 2 cm or less. 'l'extures can be loamy or sandy, but not pwe sand. A 
water table 1s absent or deep in the profile (more than 50 cm from the surface) and near the frost table. The depth of thaw is 
SO to 100 cm. The common soils usually occur on well-drained surfaces such as floodplains, low dunes, or edges of terraces 
ncar an escarpment; panemed ground is absent. Vegetation 1s usually Dryas or Cassiope Dwarf Shrub Tundra, or sparse 
vegetatior~ on the floodplains. 
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Table 6. (Continued). 
Soil Class Description 

Aquic Somewhat poorly drained soils with a shallow active layer (<I In) above perma~ost and lacking evidence of frost churning. 
Haplorthels The presence of mottling indicates occasional periods of saturation. Soils commonly occur on upper slopes of old coastal 
(GohD plain deposds and In ice-rich thaw basins. It is usually associated with Dryas or Cassiope Dwarfshrub, and Tussock 

Tundra. 

Typic 
Histonhels 
(Goit) 

Historthels are wet soils with permafrost that have a thick organic layer or layers in the upper one-half meter but are still 
composed dominantly of mineial soil. Sail layers are not deformed by frost action. The water table ranges from just above 
the surface to about 15 cm below the surface, and the depth of thaw in late summer is 35 to SO cm. These soils occur in 
areas of low-center polygons or dlsjunct polygon rims in drained lake basins, or on inactive or abandoned portions of 
tloodplains. Vegetation is usually Wet Sedge Meadow Tundra Typic H~storthels have no additional features and are the 
most common subgroup in the study area. 

Typic Well-drained, sandy soils that thaw to moderate depth (0.5 to I rn) and lack evidence of frost churning. They have a 
Psammorthels relatively thin (several centimeters thick) surface organlc layer. They occur on floodplains with low willows, and on gentle 
(GOPI) sand dunes with Dryas Dwarf Shrub Tundra. 'Typic Psammorthels have no additional features and are the only subgroup of 

this soil that was observed. Psammorthels are not widespread in the study area; their properties are intermediate betwcen 
the more common Cryopsamments (drier and warmer soils) and varlous wetter and colder sandy soils (Aquorthels, 
Psammoturbels). 

Psammentic Wet, sandy soils with permafrost and a relatively thin (less than 20 cm) organic surtacc layer. The soil is grayish due to 
Aquonhels biochemical reduction under saturated conditions. So11 layers are not deformed by host action. The water table ranges 
( G ~ P )  from near the surface to about 40 cm depth, and the depth ofthaw in late summer is 30 to 70 cm. These soils occur in 

areas with weak or no icewedge polygons, in lake basins, on inactive or abandoncd portions of floodplains, or in 
depressions between dunes on abandoned floodplains. Vegetat~on is Wet Sedge Meadow Tundra or low willow 

Typic 
Aquothels 
(Goqt) 

Wet, fine-grained soils with a relatively thin (less than 20 cm) organic surface layer and shallow active layer (<I m) above 
permafrost. The so11 is grayish due to biachemlcal reductiorl under saturated condit~ons. Soil layers are not deformed by 
frost actlon. The uncommon soils occur on inactive floodplains and usually are associated with Dryas Dwarf Shrub Tundra 
or Open Low Willow Shrub. 

Aquic Moist, moderately well-drained, mottled soils with a relatively thin (less than 20 cm) organic surface layer and shallow 
Haploturbels active layer (4 m) above permafrost. The loamy to sandy soils have a relatively thin (less than 10 cm) surface organlc 
(Gthq) layer, and horizons have been deformed by 6ost action. A water table is usually not presmt and the depth of thaw in late 

summer is 30 to 65 crn. Soils commonly occur on upper slopes of old coastal plain deposits and in ~ce-rich thaw basins. 
Vegetation is Dryas or Cassiope Dwarf Shrub Tundra 

Typic Moist, well-drained soils with a relatively thln (less than 20 cm) organic sulface layer and shallow active layer (<I m) 
Haplotubels above pem~afrost. Soil horizons horizom have been deformed by frost actlon and lack mottling. The ~~ncommon soils 
(Gtht usually occu~s on steeper slopes along lakes and banks on olda- coastal pla~n surfaces. Soils are assoc~ated with Cass~ope 

Dwarf Shrub Tundra. 

Ruptlc Histoturbels are wet soils with permafrost that have a thick organic layer 01 layers in the upper one-half meter but are still 
Histoturbels composed dominantly of mineral soil. Soil layers have been deformed by frost action. The water table ranges from ncar 
(Gt u) the surfice to about 30 cm below the surface, and the depth of thaw in late summer 1s 20 to 40 crn. Histoturbels occur 

among low- or h~gh-center polygons in dralned lake basir~s, and on tenaces. Vegetation is Wet Sedge Meadow or Tussock 
'Tundra. Typic Histoturbels have no additional features and are the most common subgroup. Ruptic Histoturbels have a 
surface organic layer with highly variable thickness. 

Typic Psammo- Psammoturbels are sandy soils with deformed horizons due to frost action. The surface organic layer is thin (0 to 5 cm 
turbels (Gtpt) thick). Psamtnotwbels occur in two different settings: on vegetated sand dunes or sand sheets, where a water table is 

absent or just above the frost table; and on sandy beach sediments in lake basins, where the water table is near or above the 
surface. 1n both cases the depth of thaw is 60 to 100 cm in late summer. The Psamrnoturbels on sand dune or sheets 
typically have m a s  or Cassiope Uwarf Shrub Tundra vegetation, wt~ilethose In lake basins have sedges and willows. 
Typic Psamrnoturbels have no addit~onal features and are the most common subgroup. 

Typic Wet, fine-grained soils with permafrost that have a relatively thin (5 to 20 cm) surface organic layer and subsurface layers 
AquiCurbels that have been deformed by frost action. They occur on a variety of landfurms (lake basins, terraces, abandoned 
(Gtqt) floodplains) with weak polygon development. Vegetatio~l is usually Moist Sedgeshrub or Tussock Tundra. 

Psammer~t~c Wet, sandy soils with permafrost that have a relatively thin (5 to 20 cm) surface organlc layer and subsurface layers that 
Aquiturbels have been deformed by frost action. The depth of thaw in late summer is 20 to 35 cm, and the water table is usually just S 
(Gtq~)  to 10 cm above the frost table, or not present 

A'PRA Ecological Land Survey, 2002 



Resulls and Discussion 

(NKSC) soil taxonomy (1998) is relatively new 
(Ping et al. 1998). 

VEGEI'ATION 
Twenty-four vegetation types (1,cvel IV, AVC) 

were recognized within the study area, although 
two types did not have distinct enough 
photo-characteristics to map (Figure 8, Table 7). 
Common vegetation types on the coastal plain 
included Tussock 'l'undra (27.4%), Moist 
Sedge-Shrub Tundra (Sedge-Dryas and 
Sedge-Willow combined, 22.9 %), Wet Sedge 
Meadow Tundra (14.4%), and Old Basin Wetland 
Complexes (83%) (Table 3). Common vegetation 
types along the coast included Barrens (1.9%), 
Halophytic Sedge Wet Meadow (0.5%), and 
Halophytic Willow Dwarf Shrub Tundra (0.1 %). 

We used the Level 1V AVC classes for 
mapping because they are from a standardized 
classification system and are based on plant 
structures that can be recognized on aerial 
photography. There are, however, strong 
relationships between the AVC classes and the 
plant associations (Level V) derived from 
numerical analysis of the floristic data. 
Kelatjonships among plant structure (Level TV), 
plant associations (Level V), and ecotypes are 
described in the section describing ecotypes. 

The vegetation types in the Northeastern 
Planning Area are similar to the classes that have 
been recognized for the floodplain of the Meade 
River (Komarkova and Webber 1978, Peterson and 
Billings 1980), Fish Creek (Komarkova 1983), the 
floodplain of the Colville River near Umiat 
(Churchill 1955), and the Colville Delta (Jorgenson 
et al. 1997). Vegetation types also arc generally 
consistent with the plant associations compiled for 
northern Alaska (Walker 1999), although the 
dominant and differential species used to define an 
association can vary among regions. 

ECOTYPES AND ECOUISTRLCTS 

HIERARCHICAL ORGANIZATION OF 
ECOLOGICAL COMPONENTS 

Toposequences 
The classification of ecotypes (local-scale 

ecosystems) was based on the survey of ecological 
components (topography, geomorphology, soil, 
hydrology, permafrost, and vegetation) along 

toposequences. Cross-sectional profiles were 
constructed to illustrate relationships among 
ecological components for five toposequences 
(Figures 9-13). l'wo of the toposequences 
(Transects 5 and 6) were on the floodplain of Fish 
Creek, extending from the river and across the 
flvodplain to an upland terrace. The other three 
toposequences (Transects I ,  11, and 15) were on 
older coastal plain deposits that illustrated 
successiorial trends from Ice-rich and Ice-poor 
Thaw Basins to the older upland surfaces on Old 
Alluvial Terrace and Alluvial-Marine Deposits. 

On the floodplain toposequences (Transects 5 
and 6), geomorphology is dominated by changes 
from active, high-energy fluvial regimes associated 
wit11 the Meander Active Channel Deposits' to 
lower cnergy regimes associated with Meander 
Inactive Overbank Deposits and Meander 
Abandoned Overbank Deposits. During this 
transition, the rate of sedirrlentation decreases 
while accumulation rates for organic matter and ice 
increase (Figures 9 and 10). At the early stages of 
ecological development, soils along the channels 
are well drained and sandy, whereas the soils on 
the oldest portions of the floodplain are poorly 
drained and have thick organic accumulations. 
Soil nutrients become less available, due to 
decreasing cation concentrations (indicated by 
lower electrical conductivity) and pH. Over this 
successional sequence, ice aggrades both as 
segregated ice and as wedge ice, transforming the 
surface patterns from Nonpattcrned to 
Low-centered, High-relief, High-density Polygons. 
Eolian processes also are active on the floodplain, 
blowing sand offthe barren point bars and forming 
dunes adjacent to the sandy barrens. The oldest, 
ice-rich portions of the floodplain accumulate 
sufficient ground ice that they become unstable and 
susceptible to thennokarst and formation of thaw 
lakes. Vegetation responds to these changing 
environmental conditions with changes in both 
structure and species composition. Open Tall 
Wtllow Shrub, dominated by Salix alarensis, 
occurs on the well-drained, sandy soils. Behind 
this zone, Open Low Willow Shrub, dominated by 
Salix lanata richardsonii, is found on moderatcly 
well-drained soils with thin, interbedded organic 
layers. Farther from the channel, Moist 
Sedge-Shrub Tundra, dominated by Dtyas 
integrifolia and Carex bigelowii, occurs on 
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Results and Discussion 

Table 7. Classification and description of vegetation classes in the Northeastern Planning Area of the 
NPRA, 2002. 

Class Description 

Barrens Nonvegetatcd flats on river bars, sand dune, tidal flak, and recently drained lake battoms that are recently expored 
or too unstable to support more than a few pioneering plank (c5% cover). Typical species include So1i.x olarmsis. 
Fesruco wbm, Deschnmpsia coerpitoso, Juneus arctieus. Stellaria humi/wa, and Equisetum arvense. Riverine 
Barrens include river flats and ban, commonly along Fish and Judy Creeks These arcas are floodcd seawnally 
and underlain by sand. Toward the eaut, sediments are increasingly saline and tidally affected barrens are 
colonized by salt-tolerant species. 

Partially Riverbanks, upland sand dunes, and shallow lake basins that have 5-30% vegetative cover. 
Vegetated Colonkcrs include Deschampsia caespitosa, Salk alaxensis, Junnrs arcticur, Chrysanthemum 

bipinnahrm, Stellaria hwnz@a, Elymur arenarius mollis, Equisenm arvense and Trisetum spiafum. 

Mo~st Sedge- Louland sites on moderately ucll-dmiced flax and gentle slopes w.thin Thaa Basins. Alluvial- 
Shruh fundm .Marine, and Inactive Folian Sand Deposit\, and Kitcrine Inactive Overbank Ikposits. imquenlly 

~ ~ 

associated with high-centered, and mixed high- and low-centered polygons. vegetation is co- 
dominated by sedges (e.g. Cara  bigelowii, C aqmlilis, Erinphorum angurflfolium), and dwarf or low 
shrubs including Dryas integrfoli and Salk reticulata. Other common vascular species include Salix 
Innota richardsonii, S. plan~oliapulchra, Equisehm variegafum, Arctagrostis lafifolia, and Cassiope 
letragow. Important non-vascular species include Tomen@pnum nitens. Hylocomium splendens, 
Sonionia u n c i ~ l a ,  and Dicranum sp. This class can be confused with Dryas Tundra on drier sites 
where Dryas integrfilia is dominant and Tussock Tundra where Eriophorum vaginahrm is dominant. 
Soils are saturated at intermediate depths (> 15 cm) but generally are 6ee of surface water during 
summer; some sites may be inundated briefly during break-up. 

Tussock The tussock-forming sedge Eriophorum vaginaturn dominates the vegetation. On somewhat acidic 
Tundra soils associated species include Ledum decumbens, Vacciniwn vilis-idaea, Salkplanifoliapulchra, 

Berula naw, Salixphlebophylla. Dicranum sp., and Hylocomium splendens. On circumneutral soils 
D ~ a s  inlegrgolia, Salk reticulata, Carex bigelowii, and Tomen@pnum nirens are more common 
though there are many species in common among the two tussock communities and Moist Sedgc- 
Shrub Tundra Found associaled with high-centered and mixed hieh- and low-centered wlveons on . .- 
broad slopes of Alluvial-Marine, inactive Eolian ~ i d ,  and Old ~ l iuv ia l  Terrace Deposits and within 
Ice-rich Thaw Basins. Water generally is absent b m  the active layer during midsummer. 

Common In shallow coastal ponds, pond margins, and at the edges of slow moving streams. Hippuris vulgaris 
Marestail is the dominant species, Arctophilafulva, Potamogelon sp., Carex subspalhacea, and CaNiergon sp. 

are common associates. This class was not mapped. 

Fresh G-ass Shallow lakc? uithin Iw-Pour 'maw Hasins and river o x - b u r ,  shallow margins of large idkes, and 
Marsh shallow water ofslow-movinc headwater streams dominated by .4roophtla/uha Wnlrr depths 

generally are < I.Om. ~ i p p i i r  vulgaris, Limprichlia revolwk, and ~arexa~unti l is  may be present in 
water < O.Sm . 

Frcsh Sedge Permanently tlooded shallow uatcr uithin llmw Hain>, ,hallow margins ol'luge lakes, and rha.lorr 
Mar~h water of slou.-moving headwater strrams domlnated by Curu oyuatilis. Otten found a fringe 

bcnrern deeper uster with AmophtlaJi.lva and the lake shore, Carrx aquaul!.~ also may iorm a 
monoc~~lturc Gthin shallow (< O.Sm) waterh~dies. Associated rpccicr iucludc Scurpidhm .\corp:ordos 
and Eriophorum angustifolium. Polygon development is minimal though disjunct&lygon rims may 
be present 

Wet Sedge Low-lying, poorly drained areas with vegetation dominated by Caru aquatilis, Eriophorum 
Meadow anmstifolium, and mosses. Associated with nonuatterned eround, low-centered or disiunct wlyeons 
Tundra in h a &  Basins, Alluvial-Marine, Old Alluvial  erra ace, a d  Inactive Overbank ~ e ~ o s i t s .  This ;Lass is 

also found in water mks and swales where willows may be co-dominant. Associated species include 
E. rurseolwn, C. chordorrhiza. C. saxalilis, Salk lanala richardronii, S. planfoliaplchro, and 
Pedicularls sudeiica. Frequently occuning mosses include Scorpidium scorpaoides, Limprichtia 
rewlvenr, Dreplnocladus spp., and Camp.~lium srellarum. When polygons are present the rim 
vegetation is similar to Moist Sedge-Shmb Tundra. The tundra surface generally is flooded during 
early summer (depth < 0.3m) and water remains close to the surface throughout the growing season. 
Soils usually have a moderately thick organic laycr over sill loam or sandy loam. 
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Table 7. (Continued). 
Clars %scriplion 

Sait-killed Coastal areas where saltwater intrusions from s tom surges have killed much of the original terrestrial 
Wct Mcadow vegetation and where salt-tolerant plants are actively colonizing. Colonizing plants include 

PuccineNia andersonii. Duwnria lisheri. Brava ourourascens. B. ailosa, Cochlearia olfcinalis. . .  . .- 
Stellaria humifusa, Ceraslium beeringianum, and Salu ovalifolia. This class typically occurs either 
an low-lying areas that orialnallv suooorled Wet Sedge Meadow Tundra and Basin Wetland 
~ o m ~ l e x e s , o r  less u~mmonly, alone drier coastal bl;ffs that orginally supported Moict Scdge-Shrub 
Mcadou Tundra. Salt-killed B'ct Meadow differs hum Haloohflic Sedw Wet Mcadou in hatine 
abundmt litter from dead tundra vegetation, a surface horizon oforganiE soil, and salt-tolerant 

- 

colonizers. 

Halophytic Coastel a-cas with u e t  saline soils typically dominavd by the xdges Corex suhspurhorea and C 
Sedee Wet ursim. Primarll) l ~ u n d  on Inactive I ~ d a l  Flat Dcws i :~  iu~d Delln Thaw Dains on non~nttemod 
~ e a h o w  ground or low-cdntered polygons, associated species often include ~uccinelliaphry~an>des, Salix 

oval~olio, Calamogrostis d~schampsioides Cochleoria oficinalis, SteNaria humz$tia, and Sedum 
rosea. 

Drvas Dwarf DIY. uoland sandv slooes. crests. and well-drained river terraces dominated bv Dwas inteerifolia. .. . . . . . - .  
~ G u b ~ u n d r a  Most commonly associated withinactive Eolian Sand Deposits and small dunes, m a s  Dwarf Shrub 

Tundra alw, is found on non~attemed ~ m u n d  and hifi-centered tmlveons on Pinzos. Inactive . .- 
Overbank, and ~ l i u v i & ~ & i n e  ~epo l i t s .  Inactive dune sites are strongly dominated by Dryas and 
occasionally co-dominated by lichens, associated species include Sol* elauca, S reticulata, 
.Ircros~ophylos alpino. Arcragrosrrr lurl/olio, ntamnolra vermi:ularis, and Cetrariu cuculara 
Ki\erine sites ma? ha\e co.dominant spccies such as F4uisetum mrit,garum and .%lu rur,cubra. uith 
S lamla richard&tii, A~a~sraphyllo~ Nbra, 0zytropi~ dejlexr?. ~ o m & p n u m  nitens, and 7hamnolia 
verminrlaris as associated species. Sedges (e.g. Carex scirpoidea) may be present on moist sites but 
are never cn-dominant. Soils are sandy, weli to somewhat excessively drained, and thaw depths often 
cxceed 1.0m. 

Cassiopc Old dunes and balks on lnacti\e Eolian Sand, Alluvial-Maine Deposits, and Ice-rich l h a u  Basins 
D u a r i S h b  dominated b) ('arsiom reIranono. Cumomd with Dryas DuarfShruh Tundm. uith uh~:h this clacc 
Tundra shares somespecies,'Cassio~ DwarfSh;ub Tundra is iess well drained, has shallower thaw depths, 

and can occur on sandy or loamy soils. Cassiope dominated sites typically are very species rich, 
common associated species include~ryos inte&ifolia. S. phlebophy~la, ~ i l i x  reti&/&, Yacciniurn 
vitis-idaea, Carex bigelowii, Hierochloe alpina, and Arcragrosris lorifolio. Cryproghms present 
include rmstose lichens. Hvlocomiwn solendens. Dicranum so.. Tomenfvanum nirens. and Rhvridium . . . . -. 
nrgosum. All sites have a wide variety of forbs. 

Halophytic Coastal areas with moist to wet, saline or slightly saline soils typically dominated by Salu ovalifolia or 
Willow Dwarf co-dominated by S. ovalifolia and halophytic graminoids. Primarily found on Inactive Tidal Flats, 
Shrub Tundra Delta Overbank Deposits, and Delta Thaw Basins on nonpattmed ground or low-centered polygons. 

Associated species oRen include Corex subspathacea, C. aquarilis, C. glareosa, Calamagrosfis 
deschampsioides, Dupontiafsheri. Drepanocladus sp., and Thnmnolia vermiculoris. 

Open and Riverine, lowland or upland wmmunities dominated by low willows (0.2- 1.5m) with an open (25- 
Closed Low 75% cover) or closed (>75%) canopy. Riverine deposits typically are dominated by Salix lanata 
Willow Shrub rickrdsonii (sometimes w-dominant with S. planifolia pulchra), with Carex aquatilis, Equisehun 

awense. E. varieearum. Arctawos~is latihlia. and Tomenfv~num nirens. Lowland willow shrub is - .  .. 
found primarily an high-centered polygons or nonpanemed ground on Abandoned Floodplains, uithin 
Thaw Basins, and on banks or water tracks of Alluvial-Maine Deposits. Lowland communities are 
dominated by S planifolia pulchra, with C. aquatilir. S. relinrlala, C bigelowii. Pyrolo grandifira, 
Dicranum so.. Aulacomniwn tureidum. A. rwlurrre, and Hvlocomium solendens. Uoland - 
communities. dominated by Solu ~lauru. are found on small juncs ulEolian lnective Sand I)cpodls. 
Arsociatcd species include S. a1axmsi.s. Arcrr,sraph>los mhra, 1lr)as ,nrrgr,/ulra, and Or)rrupu 
nigrescens. 

Open Low More typical of m a s  in the southcm NPRA, this class infrequently is found on hanks, or high- 
Mesic Shrub centered golygons on Alluvial-Marine Deposits. Belula nann is dominant with Salixplanifolia 
Birch- pulchra, S. glauca, S. reticulala, Arctosraphylos rubra, Dryas infegrifolia, Vaccinium vitis-idaea, 
Ericaceous Pyrola grandijlora, Hylocomium splendens, Aulaeomnium polusrre, Dicranum sp., and Pleuroriwn 
Shrub rchrebrri as associates. This class was not mapped. 
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Table 7. (Continued). 

Class Description 

Open and Active Eolian Sand and Riverine Deposits dominated by Salk almemis. Willows offen are > 1.5m 
Closed Tall tall with an open (25-75% cover) or closed (>75%) canopy. Soils are very well-drained, sandy, and 
Willow Shrub frequently dishlrbed by flooding or strong winds. Understory species on riverine deposits include 

Equiserum arvense. Chysanthemum bipinnalum, Fesluca i-ubra, Aster sibiricus, and Genriana 
propinqua. Upland dune associates include S. glouca. Arcroslaphylos rubra, Astragalus alpinw. 
Castilleja caudaP Feshrco rubra, and Chrysonrhemum bipinnalum. 

Water Permanently flooded, non-vegetated waterbodies. Included in this class are non-vegetated Thaw 
Lakes, Headwater Streams, Lower Perennial Rivers, Riverine Lakes, and Beaded Streams. Areas 
mapped as water may include some partially vegetated waterbodies where vegetation was submerged 
and therefore not discemable on the aerial photography. 

Young Basin Young Basin Wetland Complexes occur in portions of recently drained lake basins and are 
Wetland characterized by a complex mosaic of open water, Fresh Sedge and Grass Marshes, Wet Sedge 
Complex (ice- Meadow, and Moist Sedge-Shrub Tundra in patches too small (< 0.5 ha) to map individually. Young 
poor) basins are distinguished from older basins because they have little ground ice development and 

typically are dominated by more productive vegetation than older basins. Surface forms are 
nonpattemed ground or disjunct polygons. To be mapped as a complex an area must be at least 2 ha 

~ ~~ 

andhave at leist three vegitation types, with no singlitype dominant. 

Old Basin Similar to Young Basin Wetland Complexes but occurring in wrtions of less recently drained basins. - - .  
Wetland This ope is charactcrizcd by vegetation found in association uirh ice ucdge Jc\elopment and 
Complex (ice- aggadation of wgrcgated ice incl~ding Bet Scdgc Meadow Tundra with leu-centered pol>goni, 
rich) Moist SedgcShrub. and russoch rundra Fresh Grass Marshes are absent and Sedge Marsh occurs 

only in flooded portions of  margins. Ccntcn ofold basins are .~pliAcJ sand, and loams uith ,hallow 
to moderate organic horizons. Complexes mapped in centers typically are Tussock Moist Sedge- 
Shrub, and Wet Sedge Meadow Tundra Margins of old basins are wetter with many small, discrete 
ponds. Soils have a moderately thick organic layer overlying sand or sandy loam, vegetation 
in margins typically is Moist Sedge-Shrub Tundra, Wet Sedge Meadow, Fresh Sedge Marsh. and 
Water. Complexes are comprised of at l e s t  three vegetation types, with no single ope dominant. 
Minimum size for wmplexes is 2 ha. 

Riverine Permanently flooded channels and narrow bands or patches of vegetation too small to be mapped 
Complex separately. The variety of vegetation reflects the degree and regularity of flooding. Vegetation classes 

include Water, Barren or Partially Vegetated gravel bars Fresh Sedge or Grass Marsh, Wet Sedge 
Meadow, Moist Sedge-Shrob Tundra or Low Willow Shrub. Riven generally experience peak 
flooding during spring breakup and lowest water levels during mid-summer. 

Deep Polygon Mosaic of veaetation on inactive and abandoned floodplains where low-centered poly~ons have . .- - . .- 
Complex panicularly deep (x.5 m) centen formed b) thaw senlemcnt of ide-rich soils Permanently lloodcd 

nonveglated polygon centers are fringed by Frebh Grass or Sedge Marsh. Broad. low, rims of Uel - . -  
~ e d ~ e ~ e a d o w  or Moist sedgeshrub  ~ u n d r a  separate the centers. While water forms a substantial 
portion of this class, no single vegetation type or water is dominant. 

Dune Complex formed on inactive sand dunes on meander floodplains. A series of narmw swale and ridge 
Complex features develop in parallel with river flow that are too small to map separately. Vegetation in moist to 

wet susles typ;call;is Low Willow Shrub, Wet 'Sedge Mcadow I'kdrk or ~ & s h  ~ c d g c  Marsh, u,hile 
dry to moist 5andy. dune ridges commonl, are Dryas Dwarfshrub Tundra or Low Willow Shrub. 
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FISH-JUDY CREEK FLOODPLAIN 

Figure 10. A representative terrain sequence (Transect 6 )  illustrating changes in terrain units, soils, hydrology, surface form, vegetation, and 
permafrost on the Fish-Judy Creek Floodplain in the Northeastern Planning Area, NPRA, 2002. 
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FISH CREEK LOWER COASTAL PLAIN 

Figure I I .  A representative toposequence (Transect I) illustrating changes in terrain u ~ t s ,  soils, hydrology, surface form, vegetation, and 
l~ern~afrost on the 1:ish Creek Lower Coastal Plain in the Northeastern Planning Area, NPRA. 2002. 
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UBLUTUOCH UPPER COASTAL PLAIN 
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Figure 12. A representative toposequence (Transect I I )  illustrating changes in terrain units, soils, hydrology, surface fonn, vegetation, and 
permafrost on the Ublutuoch Upper Coastal Plain in the Northeastern Planning Area, NPRA, 2002. 
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Figure 13. A representative toposequence (Transect 15) illustrating changes in terrain units, soils, hydrology, surface form, vegetation, and 
permafrost on the Ikpikpuk Upper Coastal Plain in the Northeastern Planning Area, NPRA, 2002. 



Resulls and Discussion 

somewhat poorly drained soils, while Wet Sedge 
Meadow Tundra, dominated by Carex aquatilis 
and Eriophorum angustifolium, is found on very 
poorly drained soils. 

Toposequences on the older, slightly higher 
coastal plain, cross Old Alluvial Terrace Deposits 
(Transects 1, Figure 1 I), Alluvial-Marine Deposits 
(Transect 11, Figure 12), and Eolian Inactive Sand 
Deposits (Transect 15, Figure 13). While the 
oldest and highest deposits vary across the 
landscape, geomorphic units follow a common 
evolutiona~y sequence fmm Ice-poor Thaw Basins, 
to Ice-rich Thaw Basins, to the oldest stabilized 
surface. Macro-topographic variation is 3 4  m 
across the landscape, while micro-topographic 
relief generally is <0.5 m (occasionally up to 1 m 
in troughs). Along this gradient, surface forms 
change from Nonpattemed to Low-centered, 
Low-relief Polygons to High-centered, Low-relief 
Polygons indicating increasing development of ice 
wedges. Soils in the lower, wetter portions of the 
basins have thick organic accumulations caused by 
slow decomposition under anaerobic conditions. 
On the older, upland surfaces, soils tend to be 
better drained and highly turbated by cryogenic 
processes. Over this sequence vegetation changes 
from Fresh Sedge Marsh and Wet Sedge Meadow 
Tundra in basins, to Moist Sedge-Shrub Tundra on 
lower slopes, Tussock Tundra on upper slopes, and 
Dryas Dwarf Shrub Tundra on well-drained ridges. 

Relationships Among Ecological Components 
We developed hierarchical relationships 

among ecological components by successively 
grouping data from the 285 survey plots by 
physiography, soil texture, geomorphology, slope 
position, surface form, drainage, soil chemistry, 
vegetation structure, and floristic class. 
Frequently, geomorphic units with similar texture 
or genesis were grouped (e.g., loamy and organic 
were grouped for some lowlands) to reduce the 
number of classes. Ecotypes then were derived 
from these tabular associations to differentiate 
different sets of associated characteristics (see the 
Ecotype section for more detailed descriptions and 
analysis). 

Examination of the toposequences and 
cross-tabulation of the plot data revealed consistent 
associations among soil texture, geomorphic units 
that denote depositional environments, slope 

position, surface forms related to ice aggradation 
and active-layer processes, hydrology, and 
vegetation structure (Table 8). The hierarchical 
organization of the ecological components reveals 
how tightly or loosely the components are linked. 
For example, some physiographic settings included 
several geomorphic units with similar soil textures. 
Similarly, a given vegetation type could occur on 
several geomorphic units, depending on surface 
form characteristics and hydrology. In contrast, 
some geomorphic units (e.g., Tidal Flats) were 
associated only with a few distinctive vegetation 
types. 

Results from this analysis of relationships 
were used in several ways. First, they were used to 
develop conceptual models of landscape evolution 
on floodplains and the adjacent coastal plain. 
Identification of the changing patterns in 
geomorphic units and vegetation, along with 
analysis of changes in soil properties, helps 
identify processes (e.g., acidification, 
sedimentation) that affect the changing patterns. 
Second, the hierarchical relationships developed 
"from the ground up" were used to determine the 
rules for aggregating the lTUs (based on only three 
parameters) used for mapping "from the top 
down." This simpler set of characteristics 
(geomorphic unit, surface form, and vegetation 
structure) was used to assign the mapped ITUs to 
ecotypes with a well-defined suite of ecological 
characteristics. Third, knowledge of ecological 
relationships helps constrain the choices faced 
during photo-interpretation, improving 
classification within a physiographic district. For 
example, the hierarchical organization of landscape 
relationships reveals that only a few vegetation 
types (e.g., Wet Sedge Meadow Tundra, Moist 
Sedge-Shrub Tundra, and Dryas Dwarf Shrub 
Tundra) are found on Alluvial-Marine Deposits; 
this knowledge can be used during mapping to 
improve accuracy and consistency. 

The contingency table analysis also can be 
used to evaluate how well these general 
relationships conform to the data set, and how 
reliably they can be used to extrapolate trends 
across the landscape. During development of the 
relationships, 14% of the observations were 
excluded from the table because of inconsistencies 
among physiography, texture, geomorphology, 
drainage, soil chemistry, and vegetation. We 
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% Table 8. Relationships among ecological components of ecosystems in the Northeastern Planning Area of the NPRA, 2002. 

? 
6 e 

Upland 

f?. 
h n 
& 
in 
C 

2 
Y 
'\r 
0 

E 

Soil 
Tex* 

Sand 

-- 

Sand, 
Loan 

-- 

Water 

Peat, 
Laam, 

Sand 

-- 

Loam, 
Sand 

Gwmorphic Unit 

Eolian Active Sand Deposit 

Eolian lmctive Sand 
Depasit, Old Alluvial 

Tenace, Alluvial-Maine 
Deposit, 

Ice-rich Thaw Basin 
Centers, 

Thaw Basin Pingo 

Deep Isolated Lake, Deep 
Connected Lake, Shallow 
Connected Lake. Shallow 
Isolated Lake 

Old Alluvial Terrace, 
Alluvial- Marine Deposit, 

Eolian Inactive Sand 
Deposit 

Icerich Thaw Basin 
Margins, lce-rich Thaw 

Basin Centers, Meander 
Abandoned-floodplain 

Cover Deposit, Eolian 
Inactive Sand Deposit 

-- 
Slope 

Position 

Upper 
slopes, 

ridges 

Upper 
slopes 

ridges 

-- 

Shoulders, 
Banks 

upper 
slopes, 

Ridges 

-- 

Water 

-- 

Flat 

~. 
Flat, 
Gently 

Sloping 

Basin 

Surface Form 

Streaked 
Dunes 

Streaked 
Dunes, 

Banks, Bluffs 
Pingoa 
-- 

Hummocky 

High- 
centered, Law 

-relief Poly 
(HCP) -- 
Water 

-- 
Nonpanerned, 
Low- 
centered 

Low-relief 
Polygons 

(LCP) 

LCP, Mixed 
High- and 

Low-centered 
Polygons -- 
Basin 
Complex 

TzF+.;=ia 

Poor Acidic Low Shrub 

Vcry 
Poor, 

Poor 

Complex Complex Complex I 1  

C k m  
neutral, 

Acidic 

Salk olaxensic Upland Dly Barrens 
Chrysanthemum 

b i p i n ~ t u ~ n  

Dryas inlegri/oli*A. Upland Dry Dryas 

Cmioppe tetragono- 
Hieroehloe olpine Cassiope Dwarf Scrnb 

Tussock Meadow 

Eriophomm voginorurn- 
L e h  denrmbem  lowland Lake 

Lowland Sedge Marsh 

Corex oquotiliF-Corer I Lowland Wcl Sedge 
snxadiis Meadow 

- 

Eriophorum angunrjolium- 
S. mlchra -4hamm SD. 

Care~ oquatilis 

Marsh, Wet Meadow, Lowland Basin 

Meadow. Water 



45 NPRA Ecological Land Survey. 2002 



Results and Discussion 

NPRA Ecological Land Survey, 2002 46 



excluded these outliers because our primary goal 
was to identify the most distinct and consistent 
trends, not necessarily to include every plot. We 
believe that there is an upper limit to our ability to 
describe landscape patterns; there will always be a 
proportion (in this case 14%) of sites that do not 
conform to the overall relationships among factors. 
These sites may be transitional (ecotones) or sites 
where vegetation and soils have been affected by 
historical factors (e.g., changes in water levels, 
disturbances) in ways that are not readily 
explainable based on current environmental 
conditions. 

The advantage of this hierarchical approach is 
that the combination of physiography (strongly 
associated with geomorphic units), moisture 
(related to surface form), and vegetation structure 
yields classes that effectively differentiate both soil 
characteristics and vegetation composition. This 
"bottom up" approach is particularly useful for 
mapping, where the interpreter can easily 
distinguish physiography (e.g. floodplains versus 
hilly uplands), surface form (e.g., low-centered 
polygons versus bank), and vegetation structure 
(e.g., low shrubs versus graminoids), but not 
individual plant species. In addition, this approach 
links vegetation with soil characteristics. This 
linkage is particularly important for differentiating 
ecotypes that may have different sensitivities to 
disturbance. For example, Lacustrine Wet Sedge 
Meadows in Ice-poor Thaw Basin Margins with 
Nonpatterned surface form will be less susceptible 
to thermokarst than will Lowland Wet Sedge 
Meadows in with Ice-rich Thaw Basins Margins 
with Low-centered Polygons, where ice wedges 
are abundant. 

ECOTYPES 

Classification and Mapping 
Forty-two ecotypes were developed for the 

Northeastern Planning Area (Table 9, Figures 14 
and 15). Of these ecotypes, 41 were mapped and 1 
type (Coastal Herb Marsh) was not mapped 
because it lacked distinctive photo characteristics. 
For map presentation, the 41 ecotypes were 
derived fiom 325 code combinations created by the 
integrated-terrain-unit mapping. The most 
common ecotypes in the area included Upland 
Moist Tussock Meadow (27.4%), Lowland Moist 

Sedge-Shrub Meadow (19.5%). Lowland Lake 
( 1  1.4%), Lowland Wet Sedge Meadow (9.4%), and 
Lowland Basin Complex (8.8%) (Table 10). 
Twenty-nine ecotypes each had areal coverage of 
41% of the study area. 

The linking of geomorphic units with surface 
form and vegetation structure helped distinguish 
areas with important ecological differences that 
would otherwise be difficult to detect. For 
example, we differentiated seven waterhody 
classes (e.g., Nearshore Water, Headwater Stream), 
based on large differences in salinity, sediment 
load, and water velocity. We did not differentiate 
water depth (deep vs. shallow water), however, 
because it would have added several more classes. 
Water depth, however, is still a component of the 
waterbody and avian habitat classifications and 
preserved in the ITU mapping. In most vegetation 
or land-cover maps for northern Alaska, water is 
treated as only one or two classes. In some cases, 
different ecotypes (e.g., types of wet sedge 
meadow) differed only slightly in vegetation 
composition, but the geomorphic data revealed 
differences in soil and hydrologic characteristics 
that lead to differing ecological functions and 
successional pathways (see Ecological 
Development During Landscape Evolution). 

Accuracy Assessment 
The overall accuracy of the ecotype map was 

79%, based on a comparison of field and map 
determinations at 118 locations (Table 11). While 
the sample size was insufficient for rigorous 
analysis of omission and commission errors by 
ecotypes some general patterns were evident. 
Substantial confusion occurred between Upland 
Moist Tussock Meadow and Lowland Moist 
Sedge-Shmb Meadow types because they often are 
highly interspersed and they are differentiated 
primarily by the abundance of tussocks, which has 
an arbitraty cutpoint of 15% cover. Lowland Moist 
Sedge-Shmb Meadow also was frequently 
confused with Lowland Wet Sedge Meadow 
because they also are highly interspersed types. 
The most poorly mapped class in this analysis was 
Lacustrine Grass Marsh, which had a high 
omission error. While easily recognized on the 
ground, aquatic grass often does not occur in 
sufficiently dense stands to be recognizable on 
aerial photography. Factors that contributed to the 

47 NPRA Ecological Land Survey, 2002 



Results andDiscussion 

Table 9. Classification and descriptions of ecotypes (local-scale ecosystems) in the Konheascem 
- Planning Area of the NPRA, 2002. Species in bold type indicate floristic associations. - 
Class Description 

Upland Dry Crests of Eolian Acti\e Sand k p i t s  (duns,) with vegetation dominated h) the tall willow Salk almmis.  
Tall Willow So~lr are sandy, ercessively drained. allalire 11, circurm~cuwl. with dwp acti\r. l q c n  (., Im) and no surface 
Shrub o m i c  hori&. The shrub canmv usuallv is own with dominant shrubs > Im tall. Other wmmon swcies - . . . . 

include Chrysanlhemum bipinnolum, Fesluca rubra, and Equisetum arvense. 

Uvland Moist Uoper, well-drained. wotected sloves of Alluvial TmBCe. Alluvial-Marine and Inactive Eolian Sand Dewsits. . . 
L o w  Willow Soils se sandy, alkaline to circukeuual with deep active la)-, and have little organic acrwnulation Lw 
Shruh shrubs (0.2-I5m tall) are domtnmr, twically Sal ir~laum, with Doas inrem,fi,l#a. Salk lonara rrchrkonri. 

~rdost&h~los rub&, and mosses. Included in thisclass are sites diminat2 by law shrub birch, Belvla MM. 

Upland Dry Windswept upper slopes and ridges of Alluvial T m c e ,  Alluvial-Marine and Inactive Eolian Sand Deposits. 
h a s  Dwarf Vegetation is dominated bv the dwarf (c 0.2m tall) w e m e n  s h h  Dwas inlmifolia. Soils are sandy to loamv. - . - .. . . . 
~ h r ~ b  excecsivcl> to urll draincd. alkalne to c k m e u v a l ,  and lack surface organic accumulatiun. Associacd rpecics 

include S o b  retrcuioro. Salix~laum. Aruoslophylos alpino Arclagm~ris iurrfolio, and lichens. 

Upland Moist Slopes and banks of Old Alluvial Terrace, Alluvi&Marine Deposits, Inactivc Eolian Sand Deposit5 Pingos, and 
Cassiope Dwarf ha& of drained lake basins. Soils are well-drained, loamy to sandy, and circumneutral to acidic. Vegetation is 
Shrub species rich dominated by the dwarfshtuh Cmiopetmagona, with Dryo~ inlegrifolia, Solirphlebophyiia, 

Voccinium viris-iduea. Corer bigelowii, Arcfogmsris lotifolio, Himochloe alpinn, * l a  prandtfloro, and 
Saursurea angusfifolia. Lichens and m o s s  also are wmmon. 

Upland Moist Gentle slopes and ridges of Eolian Inactive Sand Deposits, Old Alluvial Te~~ace ,  Alluvial-Marine Deposits and 
Tussock Ice-rich Thaw Basin Centm. Vecetation is dominated by Nssock-forming plants, most cornonly Eriophorum . . 
Mwdow vaginolum High-cent& poly&ns of low or high relief are associated with this ewtrpe. Soils are loamy to 

sandy, somewhat well-drained, acidic to circumneutral, with moderately thick (1&30m) organic horizons and 
shallow (< 40m)  active layer depths. On acidic sitti, associared spccik include Ledurn d&mbens, Berula 
nano. Salirplanifoliapulchra. Cassiope termgono and Vaccinium vifis-idaea. On circumneutral sites wmmon 
species include Dryas integrifolio, S. retinrlaro. Carex bigelowii, and lichens. Mosses are wmmon at most sites. 

Upland Dry Eolian Active Sand and Landslide Deposits with p d a l  vegetative cover (< 30%). These deposits are well 
Barrens drained, alkaline. have deer, active layers. and little to no o r ~ m i c  accumulation. Early wlanizing scecies adamd 

to di&ance are found on these sit&, including Salix a / a ~ ; ~ i S .  Feskca rubra, andChryJanfhem;m 
bipinnatum. These sites bewme fully vegetated when surface soils stabilize. 

Lowland Moist Flat. and gentle slopes with high-centered polygons or drainage tracks on Abandoned Floodplains, Old Alluvial 
Low Willow Tcrmce, Alluvial Marine Deposits, Eolian Inactive Sand Deposits, and Ice-rich Thaw Basins. Soils typically are 
Shmb somewhat m r l y  drained, and acidic with moderate to thick o r h c  horizons. Vegetation is dominated by low . . 

willom (0.2-1.5m lall), most commonly ~al ix~lanifol ia~ulchra Common a-fiated species include < 
r~r:ruloro. C ~ r e r  hrerrowr,. C. oqudilis, Er;,rnhom onmrnlolrum. P;n,/a m a d i o r a ,  and mosxr (Drranum . - .  . - -  
spp., Polytrinrm spp.. Aulacornnium spp.). 

Lowland Moist Typically high-cmtrred, low-relief polygons on Abandoned Floodplain, Ice-rich Thaw Basin, Old Alluvial 
Sedee-Shmb Tmace, Alluvial-Marine, Eolian Inactive Sand and Solifludion De~osits. Soils are saturated at intermediate 
 cado ow depths (> 15.m) but generally me free 01 surface warm during summn. I h r  actise la)er is relalivel) shallow and 

the organic horizon is moderate ( 10- I 5 ~ m ) .  Vceetaut~n is dwninatcd by Dons inlrnrifolio and Carer bigdowii. - . - . . - .  - 
Other common speoies include C oqwrrilir, E~iophomm ongustifolium, Salir reticulafa, S. lonafa richordsanii. 
and the moss Tomenlypnum nilem. 

Lowland Wet Low-centered. low-relief wlveons. with water near the surface on Abandoned Floodolain. Ice-rich Tlaw Basin. z .- . ' .  
Sedge Meadow Old Alluvial Terrace, AlluviaCMarine, and Eolian Inactive Sand Depmits. Thc surfoco generally is flooded 

durine early summer (devth < 3 0 m )  and drains later, soils are saturated thmu&out the mwina season, and are - .  
c i m e u w l  to acid;. ;nth moder.&e lo thick ( 2 M 0  rm) o w i c  laym a n d k o d e r a e ~  J e e G t i t e  layer 
depths (> 40m). Vcgcs~iu~l is durninauj. by sedges, usually C a m  aqunrllk and Eriophnrum ongustifolium. 
wi& C saxafilis. E. r&seolwn and ~nlirdanifol& wlchro. Mosses b i c d  ofwet conditions are wmmon . . . . . 
including Limprichria revolvem, Aulacomnium turgidurn, Smrpidium scnrpioides, and Sphagnum spp. Drier 
polygon rims are populated by specie typical of moist meadows including lhyas inlegrifolia, S. refinrloto, C. 
bigelowii and Cmiope refragom. 

NPRA Ecological Land Survey, 2002 



Resulfs and Discussion 

Table 9. (Continued). 
Class Description 

Lowland Sedge Vegetated, permanently flooded, shallow (< 50cm) basins, most commonly in Ice-rich Thaw Basin Margins, but 
Marsh also on Alluvial-Maine and other lowland deposits. Surface waters are alkaline to circumneubal, sediments 

commonly are organic. Vegetation is dominated by C o r a  aquatiiis. 

Lowland Lake Deep (> L.5m) and shallow (< 1.5m) Inks and ponds that form in low-lying basins and from thawing of nu-rich 
permafrost. These lakes lack riverine or coastal influences and emergent vegetation. In deep lakes. a substantial 
"olume of deeo water remains unfrozen throueh the winter. In shallow lakes. water freezes to the bottom durine 
winter, thaws by early to mid-June, and is w-er than water in deep lakes. sediments are sandy to loamy. 

- 
Lowland lakes may or may not have distinct outlets or connections to riven. 

Lowland Basin Basin complexes occur in drained lake basins and are characterized by a mosaic ofvegetation types. Complexes 
Comolex are m a m d  when at least three ecotvoes occur toaether and no sinele class is dominant. Lowland Basin Comolex 

occws'ih older basins (see ~ a c u s &  Basin complex) and is characterized by well-developed low- and high: 
centered polygons or strang resulting from ice-wedge development and aggradation of segregated ice. Polygon 
development mav bc more distinct in the raised basin centers than the 6eauentlv flooded margins. Basins often 
hare d;stnnc~ nmi markmg the locat~on of old rhorcl~ncs, but these hnundarlcs &ay he indistirt duc lo the 
coalrscenie of rnultrple baslnr F'coQpc classes wmmonl! found m th13 complex )?club Lou.land S d g c  Marah, 
Lowland Wet S e d ~ c  Meador, lowland Lake, lowland Moist S c d ~ e S h m b  Meadow in bas)" rnaretns. and 
Lowland Moist ~e&&hmb Meadow, Upland Moist Tussock  a ad ow, and Lowland Wet  edgeh head ow in 
basin centers. 

Lacustrine Nonpatiemed, flat areas of recently drained Ice-poor Basins dominated by low shrubs (< 1.5m tall). Soils are 
Moist Low circumneubal. sandv. and somewhat ooorlv drained. with shallow to moderate (1&20cm) orzanic horiznns and 
Willow Shrub variable active layer depths. Vegetation iidominacd by Solix lonufa richardsdnii andio; ~ a k ~ i a n i f o l i a  

pulchro with an understory ofEriophorvm anguslifolium. Corur aquofilis, and the mosses Tomentpnum nirens 

Lacusnine 
Moist Sedge- 
S h b  Meadow 

Lacusuine Wet 
Sedge Meadow 

Lacustrine 
Sedge Marsh 

Lacusuine 
Grass Marsh 

Lacustrine 
Moist Barrens 

and Aulacomniwn turgidurn. 

Ice-poor Basins with n o n p a m c d  ground or isolated mounds. Soils are somewhat poorly drained, 
circumneubal. and sandy with linle organic accumulation. and a moderately deep active layer. Ground water is 
present at > 15cm depth. Vegetation is w-dominated by Dgas infegrifolia. C o r a  bigelowii, Sol* reticulnfa, 
and C. aquorriis. Common associates include S. lanata richardronli, S. planifoiiapulchra, Eriophorum 
angusrifoltum, and the mosses Tomenipnum nitens and Hylocomium splendem 

Areas of nonpanemed ground and disjunct polygons on flats within Ice-poor Basins. Drainage is very poor and 
water is near the surface throughout the growing season. The surface generally is flooded during early summer 
(depth < 30cm) and drains lam, soils are circumneuual with moderately thick (1W25cm) organic layers over 
sand or loamy sand. Active layer depths are moderately deep (4040  cm). Vegetation is strongly dominated by 
the sedges C a r u  aquafilir and Eriophorum angusfifolium, occasional associates include C. soxafilis. Pedicularrs 
sudefica, andSalirplanifoliopu1chra. 

Vegetated, permanently flooded, shallow (< 50cm) depressions in Ice-poor Basins and along the margins of 
Lowland Lakes. Water is alkaline to cicumneubal and soils have thick (40cm) organic horizons over sands. 
C a r a  aquatilis and Eriophorum angurtifolium are dominant, C. chordorrhiza and Scorpidium scorpioides are 
common. 

Vegetated, depressions and lakes (depth c im), in Ice-poor Basins and shallow margins of deeper Lowland Lakes 
defined by the presence ofAmophila fulva. Water is alkaline to circumneutial and sediments have a vaiable 
peat layer (I U O c m  deep) overlying sands. Hippuris wlgarir and Carex aquatilis may be present in shallow 
water. 

Barren or partially vegetated (< 30% cover) areas on newly exposed sediments on Ice-poor Thaw Basin Deposits. 
The surface eenerallv is nonoanemed althoueh occasionallv mounds are oresent reflectine the deeradation of ice- - - - - 
wedge polygons along shorclrnc> Sorls arc sand) and may be saturated or well-dmeJ, sith Ilnlc to no organlc 
accurnulattan l yptcal wlonwrrr are forbs, grpmnno!ds, and mosses ioclud!ng Chrer aquor,i,s Duponna /!she,, 
Seomidium scomioides, and Calliermn spp. on wet sites and Poa SDD., Festuco m b r a , ~ e s c h m u ~ i a  caesuilosa. 
~tel;aria humrfuso, Senecio congest&, andSolix oval&lia on drier iites 
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Results and Discussion 

Lacusvine Basin complexes occur in drained lake basins and are characterized by a mosaic of vegetation fypes. Cumplexes 
Basin Complex are mapmd when at least three e w m s  occur together and no sinele class is dominant. Lacusbine Basin 

compl;x 1s fbuna in recently driuncd joung) b&ns charac~eme~bv nonpatterned ground and J ~ s l ~ n c t  polygon 
~ i m  llnu nndlcao a lack aiice-wedge de\elopment or aggradntron of segregated tue (scc lowland Basln 
Complex) Basins oAen have d~sttnc! nms marlung the locat~on ofol l  shorelmrs, but lhesc boundancs ma, be 
indi$inct due to the coalescence of multiple bas&. Young basins typically are flooded during early spring and 
water remains close to the soil surface throughout the growing season. Soils generally are circumneuval and 
sandy with variable oreanic horizons. The distinction between basin centers and margins is less clear than in 
Louiand l h a a   asi ins: Ecoope clasvs commonly found tn this complex tncl~dc La&stnne Cnass Marsh. 
LaousL~ne Sedgc Marsh I .acushe Wet Sedge Meadoa, Lacuswine Moisl SrdgcShrub hlcrdow. Lacusmnr 
Moist Low willow Shrub, and Lowland L&: 

Riverine Moist Active OverbankDepositr, ofmeander and tidal rivers dominated by tall (> 1.5m) shrubs. Sites are nonpanemed 
Tall Willow and subject to variable flooding frequency, soils are well-drained, alkaline to cucumneutral, and lack organic 
Shrub accumulation. Vegetation is defined by an open canopy ofSolix nlarensis. Understoly species include 

Equiserwn omenre, Genlianapropinqua, Chysanthemum bipinnanrm, Fesruca rubra, and Asler ribiricus. 

Riverine Moist Active and Inactive Overbank Deposits of meander and tidal rivers with nonpattemed ground or high-centered 
Low Willow ~ulveans dominated bv low (< 1.5m) shrubs. Freauendv flooded sites are well drained with little oreanic . .- 
S ~ J  acr~mulat~on aherca\~~nncqumrly flooded arras are mddcrately aell drened a ~ l h  lntcrbedded la)& ot finc 

m~neral sol1 anJ organic maenal Sotl, are cucmru t ra l  \nth deep I >  6 0 ~ m )  actne lalor depths Salixlanara 
richordronii is &&I on sites where both nverine and eolian nrkesses (dunes) are iresent. Common . . 
understory specles Include Equisefum arvense. Astragolm alpmus, Drepanocladus sp , and Tomenrypnum nntenr 
On smaller flood~lams wthout extensive dune development S. lanofa richardsonii and S. ulanifdio ~u lchro  co- . . .  
dominate with ~ i a a ~ r o s t i s  lsdfolia and ~elasilesfri~idus in the understory. 

Riverine Dry Active and Inactive Overbank Deposits ofmeander and tidal rivers with nonpatterned ground or hi@-centered 
h a s  Dwarf oolveons dominated bv duwf (< 0.2m) shrubs. The loamv to sandv soils are well-drained and alkaline with . .- 
~ h ; u b  shallow (< 15cm) organic horiwns and deep (> 8Om) acive ~a~erhepths .  The dwarf shrub DyasinrPgriolIa is 

dominant with Salk rericulala, Equiselum variepnlum. W t ~ o p i s  defler~u, Arctostaphylos rubra, and lichens as 
common associates. 

Riverine Moist This class occurs on gently sloping Meander Fine Inactive Channel and Overbank Deposits. The surface usually 
SedgMhmb is nonpatterncd, high-centered or mixed high- and low-centered polygons. Soils are somewhat poorly drained, 
~ e a d o w  al!fali"e to circu&ubal. with shallow oreanic horizons and moderatelv deeo (4&80cm) active laver deoths. , . ,  , . 

Vegetation is dominated by Dryos integriiolis, Carer bigdowii, Sdix lansla richsrds&ii, and S. reticuiato, 
with Corer aeuatilis, Erioohorum onmrsrifolium. and Esuisetum vmienatum. Common mosses include 
~omcmty~nuk nrrens and brcranum s i .  

. 

Riverine Wet Flat, Active and Inactive Overbank Deposits of meander and tidal rivers and along the margins ofHeadwater 
Sedge Meadow Streams. Surface fonns v w  6om nonpattemed to low-relief, low-centered wlveom, the laner are indicative of 

oromssive ice-wedee develomnent and are common on Inactive Overbank bzoosits. Sites in this class are . - - 
flooded in early spring and soils remain saturated with ground water close to the surface throughout the  owing 
season. Soils usuallv have a moderately thick organic laver (10-40cm) over sand or loam and are alkaline to 
circmeulral. Thaw depths are approximately iL.50~6. vegetation is dominated hy the sedges Corer aguotilb 
and Eriophorum ongysl$ol~um, occasionally the willow Sa lk  lanala richsrdsonii is a co-dominant. Common 
associated species include Equbetum vsriegamm. Pedicularis sudelica, and the mosses Scorpidium scorpioides 
and Limprichlio revolvenr. 

Riverine Sedge Vegetated, permanently flooded, shallow (< 50cm) depressions in Meander Fine Active Channel Deposits, and 
Marsh alone the mareins of Riverine Lakes and Headwater Smams. Water is cucumneutral to alkaline and sediments 

havemoderateorganic horizons. Thaw depths typically exceed 60em Vegetation is dominated by Carer 
aquailis, Eriophonnn angustifolium, and Scorpidium smrpioides. 

Riverine Grass Ve~etated deoressions and lakes (death < Im). in channel and overbank deoositr, and shallow margins of deeper - . . - 
hlamh R~venne l.akes defined by the presence ofAraophils fulva. Watn hecres to Ihe bonom in lhe %inter and lhr ice 

mellq by earl) June. Waler IS alkaltnr to ctrcwnneutrd, ~rganlc honrons rary  underlytng mineral rndlrnal 
loam or sand. Hippuris vulgaris and Carex aquarrlis may be present in shallow water. 
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Results and Discussion 

Table 9. (Continued). 
Class Desai~lion 

Riverine Lake Shallow (< 1.5m) and deep (> 1.5m) ponds or lakes associated with old river channels, point bars and meander 
scrolls and that lack e m m t  veeetaiion. Solnc rw have wnnectine channels that flood durine hi& water. 
Water freezes to the bo& dGg winter in shallow; but not in deepIakes. Water is alkaline tokc-&neutral 
and sedinrnts are fine-grained. 

Riverine Moist Barren or patially vemtated (< 3G% cover) areas most commonly on river bars of Meander Fine Active Channel 
Bmm.5 Deposits. -~requ& &&on and scouring restricts establishment and growil~ of vegetation. There is w 

oreanic accumulation on these .sandv cediments. Tmical ~ioneer vlants include D 8 c h w s i a  caesuiitsa P w  .. . 
hakii,  Feshrca mbm, S& alaxe&is, and Episerwn arwme. . 

Riverine Deep- lhis  class is associated with permafrost degradation on Delta Inactive Overbank Deposits. A mbstantial 
palrgon component of this complex is permanent water due to flooded low-centered, high-relief polygons. Most p o l y p  

~ ~. 
~ G l e x  cent& M deep (up m2m) and r i m  ye bmad and flat. 1% polygons suppon a h g r o f n & h  species >uch as 

Arcronhrlo firlva. Callha mlwlris, H~wurrr wleans. and C a w  MulI/IS. Kim are dominated h, f 'mdzorum 
m&fifolih& ~ a w r  qhtilis, & hyaEnfeaifo(ia, and Salk refikata. Occasional, shal low (<0.5mjpolygons 
suow~t  wet meadow vegetation dominated bv Carex~wt i l is  and Erio~honun mpy~fifoliurn. Veeetated 
wbiypes in this complexinclude Riverine S&g and draw Marshes Sverine ~e ;~ebge ,  and ~ iv&ne  Moist 
S e d g e S h b  Meadows. 

Riverine Panmendy flooded channels and small floodplains that have a complex of vegetation W s  in narrow bands or 
Complex patches too-small to be mapped sepnrately. l i e  variety of vegetation.reflects the degr&kd regularity of 

floodine. Soils v a n  b m  sands or mvels in c h l s  to thick o&c dmsi t s  in inli'eauently flooded meadows - - - . . 
and marshes. Frot~pes in this complcv includc Head\rincr S m  bverine Moist R m c .  Ritmrine Sedge or 
Cms M ~ L  h\crinr Ht.1 W e e  Meadow. Riverine MolR Sedcc-Shb  Meadou. and K~verinc Moin l u u  
Willow shrub. Rivers generall;e@en& peak f l c o d i ~  during spring breakup a d  lowest uater levels during 
m i d - s m .  

Riverine Dune Complex f o m d  6om the action of irregular flooding on inactive sand dunes most commonly on riverine point 
Complex bars.. A series of n m w  swale and rid& feablres develop in parallel with river flow that are too small to nip 

smaratelv. Swales ye moist or saturated uith mode* activc l a w  depthsand omanic mumulalion while 
ridgeb & nu~n lo dy hyith little organic materid and deep thau deprhs. ~:rnt~~;in nralc?i typically 3lr 
Klberine .Moi\t Low Willuu Shruh. Rivcrine Wn S e d ~  Meadou. or Rivcrine Ldee  Mmh. utule ridffs 
commonly are Upland Ihy hyas ~ w a r f ~ h r u b  or upland Moisl Ikw Willow S~IU;. 

- 
Coastal llerb Vegetated, pnmanently flooded, shallou (< 5Ocm) depresionq in Inactive lidal F l u  or on k e  m g i n i  of 
Marsh (nor Costal Ldcs. Water is brackish (- 13 mil and alT& h, cxtremt tides and aorm surges. The dominant plru~l . . 
mapped) 

- 
species is Hippub %ulgwis. 

Coastal Wet Anive andInactive Tidal Flats with vegetation dominated by sedges. Soils are saturated, saline, loams uith 
Sedge Meadow shallow to moderate (c 20cm) organic horizons. Active layer depths m g e  from 35-55m Vegetation is 

dominated by Cerersuhspathneeq Mdliaph'yganodes, with C ursino, Salir ovalifolio, and Dupntia 
fuher. 

C a d  Mo~n Ani\e dnd lnanive I idal Flats uith vegnarion dominard h! Solir ovolifolia and gmminuids. S d s  m loamy 
H?llow lM (uith \.xiable o m i u  horkons~. variabl! saline. and wura~ed uith m u n d  wder dmths - 25.m Actlvc lajrr 
Shrub depth is - 4 0 r r n - C o r ~ ~ n l ~  &cuming &amino& are ~orex~uhq&ihoee. and ~alima~rosfis descharnpskides. 

Coastal Salt- Barren or partially vegetated (< 30% cover) delta deposit!, where saltwater intrusions h r n  storm surges have 
Killed Meadow killed much of the original vegetation and salt-tolerant plants are actively mloniziig. Newly &posited sediments 

typically are lbund on-top oiathick organis horimn. Thea yeas hate low pl(. high salinity. i d  shallo\v thav 
depths. C m u n d w r  levels ur ~asiablc. Commn coloni71ne. plans include hm'ndl ia  dn~an&, SreUana . ." 
hvm'fusa CochleaW oficinalis, and Salk ovalfolia. I .iaeF&m dead vegetation is abundant and no"-vascular 
plants are absent Remnant patches of Riverine or Lowland Wet Sedge Meadow are wmmon 

Coastal Lake Coa.shl waterbodies that are flooded periodically with saltwater during high tides or storm surges. Salinity levels 
often are inc& bv subseauent evawration of inmounded saline water. The SUW is loamv and 
occasionally contain; ihorelinei usually have halophytic vegetafion. Some Coastal ~akedhave distinct 
outlets or have teen @ally drained (tapped) through erosion of river banks. Shallow lakes (< 1.5m) k z e  to 
the boltom during winter. 
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Results and Discussion 

Table 9. (Continued). 
Class Description 

Coastal Moist Banen or ~artiallv vecetated lc 30% cover) Active Tidal Flats and Delta Active Channel Deposits where fre~uent 
Barrcm sedlmentaiion reskrt; vegewlon esrabltshmcnt. Seilments usually are vanably sallne, have deep that, depths 

and little nreanlc accwnulat~on SlifAtl) brackish sl:es are colonized by Derchampsio coapilosa. Equrserum 
urvense, SUI~J ularensis and~le/ls& humi/usa. while more saline sites are dominated by ~ l y m u s  a ins r lus  
mollis, Stellaria humi/usa, and Sula ovolifol~u. 

Tidal River 

Nearshore 
Water 

Lower 
Perennial River 

Headwater 
Stream - 

Unvegetated, permanently flooded channels of lower Fish Creek and the Colville River that an affected by dnily 
tidal fluctuations and have mrrespondingly variable salinily The channels generally experience peak flooding 
during spring breakup and lowest water levels during mid-summer. During winter unfrozen water in deeper 
channels can become hypersaline. 

Shallow estuaries. laemns. and embavmenu alone the coast of the Beaufort Sea. Winds. tides. river dischame. . -  . - - .  
and sea ice create dynamic changes in physical and chemical characteristics. Tidal range normally is small 
(<0.2m), but storm surges produced by winds may raise sea level as much as 2-3m. Bottom sediments are mostly 
kmnsolidated mud.  infer freezin~eenerallv beins in late Se~tember and is comoleted bv late November. 
The ice-free period extends fiom ~ul;&til~ciobe; 

Permanently flooded channels of Freshwater rivers where the gradient is low and water velocity is slow. There is 
no tidal influence and some water flows throughout the summer. Rivers generally experience peak flooding 
during spring breakup and lowest water levels during mid-summer. The riven have well-developed floodplains. 

Permanently flooded first order tribUtPies of Judy Creek, Fish Creek, and the Ublutuoch Kiver 
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Results and Discussion 

Table 10. Areal extent of ecot)pes (local-scale ecosystems) and habitat classes in the 2001 smdy area 
- within the Northeastern Planning Area ofthe NPRA, 2002. 

Area 

Eeotypc Acres 

UplandDry Tall Willow Shrub 413 
Upland Moist Low Willow Shrub 280 
Upland Dry Dryas Dwarf Shrub 1154 
Upland Moist Cassiope Dwarf Shrub 993 
Upland Moist Tussock Meadow 47102 
Upland Dry Barrens 300 
Lowland Moist Low Willow Shrub 451 
Lowland Moist Sedge-Shmb 
Meadow 33540 

Lowland Wet Sedge Meadow 16155 
Lowland Sedge Marsh 1747 
Lowland Lake 19576 
Lowland Basin Complex 15119 
Lowland Deeppolygon Complex 62 
Lacustrine Moist Low Willow Shrub 69 
Lacuslrine Moist Sedge-Shrub 
Meadow 1085 
Lacustrine Wet Sedge Meadow 2455 

Hectares 

167 
113 
467 
402 

19069 
121 
183 

13579 

Lacustrine Sedge Marsh 755 306 0.4 
Lacushine Grass Marsh 379 154 0.2 

Lacvstrine Moist Barrens 14 6 0.0 

Lacustrine Basin Complex 622 252 0.4 

Riverine Moist Tall Willow Shrub 245 99 0.1 
Rivcrine Moist Low Willow Shrub 1548 627 0.9 

Riverine Dry b a s  Dwarf Shrub 68 
Riverine Moist Sedge-Shrub 
Meadow 4775 
Riverine Wet Sedge Meadow 6183 
Riverine Sedge Marsh 351 
Riverine Grass Marsh 107 
Riverine Lake 6294 
Riverine Moist Barrens 950 
Riverine Complex 688 
Riverine Dune Complex 1875 
Riverine Deeppolygon Complex I1 
Coastal Moist Willow Dwarf Shrub 109 
Coastal Wet Sedge Meadow 793 
Coastal Salt-killed Wet Meadow 34 
Coastal Lake 75 1 
Coastal Moist Barrens 2449 
Nearshore Water 84 I 
Tidal River 168 
Lower Pennnisl River 1308 
Headwater Stream 
Total 

Habitat Class 

Upland and Riverine Dwarf Shrub 
Upland Low and Tall Shrub 
Moin Sedge-Shrub Meadow 
Moist Tussock Tundra 
Riverine Low and Tall Shrub 
Nonpanemed Wet Meadow 
Patterned Wet Meadow 

Area 

Acres Hectares % 

2216 897 1.3 

Old Basin Wetlandcomplex (Icerich) 151 19 6121 8.8 
Young Basin Wetland Complex (Ice- 
pwr) 622 252 0.4 
Riverine Complex 688 278 0.4 
Salt Marsh 902 365 0.5 
Salt-killed Tundra 34 14 0.0 
Aquatic Grass Marsh 486 197 0.3 
Aquatic Sedge Marsh 2854 1155 1.7 

Aquatic Sedge with Deep Polygons 
Shallow Open Water without Islands 
Shallow Open Water with Islands or 
Polygonized Margins 
Deep Open Water without Islands 
Deep Open Watw with Islands or 
Polygonized Margins 
Tapped Lake with High-water 
Connection 
Tapped Lake with Low-water 
Connection 
River or Stream 
B a n s  (Riverine. E o l i a ~  or 
Lacustrine) 

Brackish Water (tidal ponds) 330 134 0.2 
Neanhare Water 841 341 0.5 
Tidal Flat 2043 827 I 2  
Dune Complex 
Total 
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Table 11. Omission and commission errors used to assess the accuracy associated with mapping of ecotypes in the 2001 study area within the 
Northeastern Planning Area of the NPRA, 2002. k? * 

E c o w  Ground Determinat~on 
E 

P b 
rn e s 

0 4 

5' b 
i;' f?. 0 

h 8 

P 1. 
9 

9 e: 
2 Ecotype Map Cail 
k 
b-4 

Upland Dry Dryas D~arf S h b  1 1 100 
0 

2 Upland Moist Cassiope -Shrub 0 
Upland Moist Tussock Meadow I 2 8 7  I 37 76 
Lowland Moist Sedgdhrub Mead. 9 9 7  25 36 
Lowland Wet Sedge Meadow I 9 10 90 
Lowland Sedge Marsh 1 1  2 50 
Lowland Lake 4 3 7 57 
Lawland Basin Complex 2 9 11 82 
L a n u h e  Wet Sedge Meadow 1 1 100 

"3 
CO 

Lacusfine Grass Marsh 0 
Riverine Moist Tall Willow Shrub 1 1 1M) 
Riverhe Moist Low Willow Shrub 3 3 I00 
R i v e ~ e  Moist Sedgdhrub Meadow 2 2 100 
Riverine Wet Sedge Meadow 2 3 1 7 43 
Riveme Sedge Marsh 0 
Riverine Lake 1 1 100 
RiveMe Moist Barrens 2 2 LOO 
RiveMe Complex 1 1 1 3 100 
Coastal Lake 1 1 I00 
Lower Perennial h e r  2 2 100 
Headwater Stream 0 
Riverine Dune Camplex 2 2 100 
Total 3 1 3 9 1 8 2 7 1  4 1 3 1 4 4 3  1 1 2 L 2 2 1 1 8 7 9  
Percent correct I00 0 72 61 67 100 100 100 0 100 100 SO 100 100 100 100 100 100 50 79 



Results and Discussion 

error included: (I) cutpoint errors between similar Moist Low Willow Shrub. Riverine Moist Low 
classes, (2) sampling of inclusions on the ground Wlllow Shrub, and Lowland Moist Low Willow 
within larger map units, and (3) positional accuracy Shrub, and Lacustrine Moist Low Willow Shrub. 
when field verification plots were near map Sedges were most abundant on wet soils associated 
boundaries. with Lowland Wet Sedge Meadow, Lacustrine Wet 

Vegetation Characteristics 
To facilitate comparison of floristic 

composition, riverine and upland ecotypes (Table 
12) were analyzed separately from the wetter 
(lowland, lacustrine, and coastal) ecotypes (Table 
13). Within each table the species were ordered to 
emphasize the gradient in species distribution 
across ecotypes. The tables include only species 
with high cover andfor high frequency within an 
ecotype. Overall, we identified 17 species or 
subspecies of deciduous shrubs, 7 evergreen 
shrubs, 105 forbs, 29 grasses, 49 sedges and 
rushes, 32 lichens, and 72 mosses, for a total of 207 
vascular plants and 104 nonvascular plants 
(Appendix Tables 5 and 6). In addition, 50 taxa 
were identified only to the genus level. 

Analysis of the tables revealed strong 
gradients in species composition among ecotypes. 
Little or no overlap in species occurred between 
the extreme ends of the gradient from dry upland 
sites to wet lowland sites or from non-saline to 
salt-affected ecotypes. For example, almost no 
species were in common between Riverine Moist 
Tall Willow Shrub and Riverine Sedge Marsh or 
between Lowland Wet Sedge Meadow and Coastal 
Wet Sedge Meadow. In the central portions of the 
gradients, however, different ecotypes often had 
similar species composition and were distinguished 
mainly by differences in relative abundance of the 
dominant species. For example, species 
composition was highly similar between Upland 
Moist Tussock Meadow and Upland Moist 
Cassiope Dwarf Shrub, but cover values for a few 
species (e.g., Dryas integrifolia, Cassiope 
tetragona, and Eriophorwn vaginatwn) were 
strongly different. 

The relative abundance of various plant 
growth forms varied widely among ecotypes 
(Figure 16). For example, evergreen shrubs were 
most abundant on drier soils associated with 
Riverine Dry Dryas Dwarf Shrub, Upland Dry 
Dryas Dwarf Shrub, and Upland Moist Cassiope 
Dwarf Shrub. Deciduous shrubs were most 
abundant on moist soils associated with Upland 

Sedge Meadow, ~iver ine  Wet Sedge Meadow, and 
Riverine Sedge Marsh. 

Rare Plants 
Three rare species of vascular plants were 

found in the study area during our survey. Poa 
hartzii ssp. alaskana is listed by the Alaska Natural 
Heritage Program (ANHP 2002) as being rare 
statewide (Sl), and rare or uncommon globally or 
of long-term concern (G3G4Tl). We located five 
new populations of this species on river sands and 
active dunes along Fish and Judy Creeks, where it 
was common to abundant in Barren ( 4 %  total 
vegetation cover) to Partially Vegetated (5% to 
30% cover) areas. This species was generally 
found in the coarser sediments on the upstream 
side of point bars. In some of these areas P: hartzii 
ssp. alaskana was the dominant species; in others, 
generally in the finer sediments on the 
downstream side of point bars, it was co-dominant 
with Deschampsia caespitosa and Festuca rubra. 
Poa hartzii ssp. alaskana is also known from 
populations in sandy areas along the Meade River 
and from the Peters Lake in the Arctic National 
Wildlife Refuge (ANWR). Carex holostoma, 
which is considered rare or uncommon globally 
(G3G4) and imperiled in the state (S2), was found 
in 11 Wet Sedge Meadow Tundra locations 
generally in old basin margins. Koeleria asiatica, 
which is considered apparent secure globally but of 
long-term concern (G4) and imperiled to rare in the 
state (S2S3); was found on one inactive sand dune. 
These latter two species were not previously 
known to occur in the area. 

Several other species on the ANHP tracking 
list are known to occur in or near the study area, 
but were not found in our survey. Thlaspi 
arcticum, a species of global concern, is known 
from populations along stream banks in ANWR. 
Three additional species are globally common to 
uncommon but are at the edge of their ranges in 
Northern Alaska and, therefore, are considered 
species of concern for the state. Potenrilla 
sripularis has been found on sandy substrates near 
Umiat, to the south of the study area; Pleuropogon 
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Results and Discussion 

Table 12. Mean cover (%) of the most abundant species in ~pland and riverine ecotypes in the 
Northeastern Plannine Area of the NPRA. 2002. Bolded number remesent freauencies >60% ~~~ ~~ ~ - 

within ecotype, blaikYwhen absent, and O =  <0.5%. Italicized numbers identi6 floristic 
associations. 

Taron 
Pa? hamil 
Deschomp~ii coerpiro~~ 
Chrvronthlmum hi~ inmlum 

. . 
Sample size 8 6 6 2 1 3  4 6  16 12 35 12 5 5 
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Results and Discussion 

Table 13. Mean cover (%) of the most abundant species in coastal, lacustrine, and lowland ecotypes in 
the Northeastern Planning Area of the NPRA, 2002. Bolded number represent frequencies 
>60% within ecotype, blank when absent, and 0 = <0.5%. Italicized numbers identify floristic 
associations. 

Y B 

Taxon 
Amlosrmhvlm mbm I 1 1 . . 
Equrserum megalurn 2  1 0  0  
Solu am111(1 1  0  0  0  0  
Enophomrn vog!natum 1 3  0  1 
Cosrrop lrrmgom 1  I 0  I 
cerrano cumlla,o 1 0  0 0 0  
Dryus tntegnfoho 17 9 1 0 1  
S& re1;mlato 8 7 4 3 1 0  
Carex bgrlowu I 1  4 2  1 
Tometuhypnum nilem 24 31 1 1 8 0 1  
Salu l a ~ l o  nchn&on;r 4 6 15 0  2  0  
Decty11~ arcfrca 0  0  0  1 0  
Pti l ;dim ciirore I 3 2 1 0  
Pymlo grmdfloro I 1  2  0  0  
Diermurn sp. 6 5 If I I 
Polygonurn vrvipmrn 0  0  0 0 0 0  
HyIocom,um splrndem 5 6 4 3 1  
Thannolio vennimlaris I 0 0  0  0  
Pei1,gem aphthoso 0  0  0  0  
Polflnchum smcrum 3  12 0  
SteNona sp. 0 0  0  
Pelmtlerfiigidw I 0  0  0  
s p k ~ m  sp. 0  I 0  I 
Auloomnrwnpolurrre 1 3  5 1 I 0  
Aulocomnrum rugrdun, 2  1 6 8 2 1  
Sslixpir?Nfol~(~pukhm 2 6 40 20 2 3  
Co&iurn stnilotum I 0  3 2 2 0  
Eriophonrm mtgus~fol~um 5  6  2  5 16 15 7 1 1 
Corer oqwrths 6  12 7 11 I 0  20 I3 I S  8 
P w  omtica SL 1 0 0  0  
Li"pr;chtra revolvem I 0  1 5 5  3  0  23 
Corex smolibr 0  2  4 2 0  
Ped,culons sudatrca 0  O O l l O O  0  
Corer chordorhco 2 0 2 3  
Enophomm msseolum 0  4 1 1  1 
Scorprdiurn rcorpmder 7 5 6  5 
Arcloplulo fulw I 4  
Equzserurn a ) ~ m e  0  I 0  2  
Amlagmmrrs latfol~o 2 0  0  0 
Solix aiar=m!r I 
Drrckmpsro coespitoss 3 
Dyunl ia f isckr i  0  0  0 0 0  0  1  
SIeiiana hum~fixa 2 3  
EIyvm.~ ammrrvs rn011s 2 4 
Salk owirfoiza 0  0  0  35 4  
Cololmogrosl~s derchomp~io~des 3  3  
Carex subsporhaceo I0 24 0  
Pucc;neIl!aphrygmder O U O  
C m  vnrm 3 0  
Htppur;~ vuigans 1 IS 

Sample sire 16 6 3 4 4 3 8 5 2 4 3 2 4 1  
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Figure 16. Percent cover of plant growth forms by ecotype within the Northeastern Planning Area of the NPRA, 2002. 



Results and Discussion 

sabinei occurs in permanently flooded grass and 
sedge marshes near Teshekpuk Lake; and Draba 
paucijlora has been found on eroding polygons 
near Barrow. 

Two additional rare vascular plant species are 
known to occur in the general vicinity, but also 
were not found in the study area Erigeron muirii 
occurs on calcareous outcrops in foothills to the 
south, but no such outcrops are in the study area. 
Mertensia drummondii is known from active sand 
dunes and blowouts near rivers along the Meade 
and Kogosukruk rivers to the west but was not 
found in the study area, despite extensive searches 
of suitable habitats. Both species are listed by 
ANHP as being imperiled both globally and within 
the state. 

Environmental Characteristics 
Singlerfactor Comparisons by Ecotype 

Six environmental parameters (surface 
organic-horizon thickness, cumulative 
organic-horizon thickness, thaw depth, depth to 
groundwater, pH, and electrical conductivity) were 
compared among ecotypes. Not all ecotypes, 
however, were included in the charts because data 
were insufficient in some cases. 

The thickness of the surface organic-horizon 
(an indicator of frequency of sedimentation) 
showed large differences among sites (Figure 17). 
Ecotypes where surface organic accumulations 
were absent (indicating frequent sediment 
deposition) included Riverine Moist Barrens, 
Riverine Moist Tall Willow Shrub, and Upland Dry 
Tall Willow Shrub. The thickest surface organic 
accumulations were found in Lacustrine Sedge 
Marsh, Riverine Sedge Marsh, and Lowland Wet 
Sedge Meadow, indicating that sedimentation 
events occurred rarely or never in these ecotypes. 
Total (cumulative) thickness of organic-matter 
followed a similar pattern, with a few notable 
differences. In both riverine and coastal ecotypes, 
total organic thickness tended to be substantially 
greater than surface organic thickness, due to 
repeated sedimentation. Particularly in Riverine 
Wet Sedge Meadows, total organic thickness was 
much thicker than surface organic thickness, 
indicating frequent sediment deposition alternating 
with periods of rapid organic accumulation in the 
saturated soils. 

Mean thaw depth varied up to five-fold 
among ecotypes (Figure 17). The greatest mean 
thaw depths were measured in river sediments and 
in well-drained ecosystems (Upland Dry Tall 
Willow Shrub, Riverine Moist Tall Willow Shrub, 
Riverine Moist Barrens, and Upland Dry Dryas 
Dwarf Shrub). The shallowest thaw depths 
occurred in Upland Moist Tussock Meadow, 
Lowland Moist Low Willow Shrub, Lowland Wet 
Sedge Meadow, and Lowland Sedge Marsh. These 
are predominantly late-successional ecotypes with 
thick organic layers andlor ice-rich permafrost. 

Water depth also varied widely among 
ecotypes, but relatively little within ecotypes 
(Figure 18). Mean water depths were above the 
soil surface for 11 ecowves. and were aeatest for -. . - 
Tidal River, Lower Perennial River, Headwater 
Stream, Riverine Lake, and Lowland Lake. 
Ecotypes with the deepest water tables included 
Upland Dry Tall Willow Shrub, Upland Moist Low 
Willow Shrub, Upland Dry Dryas Dwarf Shrub, 
Riverine Moist Tall Willow Shrub, and Riverine 
Moist Barrens. 

Mean pH values varied from 5.4 to 7.9 among 
ecotypes (Figure 18). Ecotypes that occurred on 
sites with the lowest (most acidic) pH values were 
Lowland Moist Low Willow Shrub, Upland Moist 
Tussock Meadow, Lowland Wet Sedge Meadow, 
and Upland Moist Cassiope Dwarf Shrub. These 
ecotypes are late successional, where carbonates 
have been leached from soils over long periods. 
Aquatic ecotypes with high pH values were Tidal 
River and Riverine Lake. The high pH values in 
these ecotypes are due to the presence of 
carbonates derived from gas exchange with the 
atmosphere. Among terrestrial ecotypes, the 
highest mean pH values occurred in early 
successional ecotypes (e.g., Riverine Grass Marsh, 
Riverine Moist Tall Willow Shrub) and in dry 
upland areas (e.g., Riverine Dry Dryas Dwarf 
Shrub and Upland Dry Dryas Dwarf Shrub), where 
evaporation causes carbonates to accumulate near 
the surface. 

conductivity (EC) measurements indicated 
that most ecotypes were nonsaline (Figure 18). 
Higher mean EC values (>2,000 pS/cm), 
indicating brackish or slightly brackish conditions, 
occurred in Coastal Wet Sedge Meadow, Coastal 
Herb Marsh (not mapped), Coastal Moist Barrens, 
and Coastal Moist Willow Dwarf Shrub. EC 
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Figure 17. Mean (* SD) surface organic layer thickness, cumulative organic thickness in the top 40 cm, 
and thaw depths of ecotypes in the Northeastern Planning Area of the NPRA, 2002. 
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Figure 18. Mean (+ SD) water depths, pH, and electrical conductivity (EC) o f  ecotypes in the 
Northeastern Planning Area of the NPRA, 2002. 
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values tended to be lowest in sandy upland and 
riverine soils (e.g., Upland Dry Tall Willow Shrub, 
Riverine Moist Tall Willow Shrub, Upland Dry 
Dryas Dwarf Shrub, and Lowland Moist Low 
Willow Shrub) where cation exchange capacity 
presumably was low. Variability was low within 
nonsaline ecotypes and high within saline 
ecotypes. 

Single-jactor Comparisons by Plant Species 
To determine how the environmental 

parameters influenced the distribution of individual 
plant species, we calculated the mean value of each 
parameter for locations where each of the 53 most 
common species occurred. Only sites where a 
species had >I% cover were included, to exclude 
locations with atypical conditions for that species. 

Mean depth of the surface organic horizon (an 
indication of frequency of sedimentation) was 
highly variable both among and within species 
(Figure 19). Species typically found on sites with 
thin organic horizons at the surface (indicating 
frequent sedimentation), included Deschampsia 
caespitosa, Chrysanthemum bipinnatum, Feshrca 
rubra, Juncus arcticus, and Salix alerensis. These 
species typically occur mainly in early 
successional ecotypes subject to frequent fluvial or 
eolian deposition. Species characteristic of sites 
with thick surface organic accumulations included 
Carex chordomhiza, Scorpidium scorpioides, 
Hippuris vulgaris, Carex sasatilis, Eriophorum 
rwseolum, and Pedicularis sudetica. These 
species typically occurred on wet soils with little or 
no disturbance. Patterns of species distribution 
relative to mean total thickness of the organic 
horizons were similar. 

Mean thaw depth varied up to four-fold 
among species (Figure 19). Species associated 
with the greatest thaw depths included Salix 
alaxensis, Chlysanthemum bipinnatum, 
Deschampsia caespitosa, Festuca rubra, and 
Oxyrropis viscida. These species typically occur 
on well-drained sandy soils in early successional 
ecotypes. Species generally found on sites with 
shallow thaw depths included Sphagnum spp., 
Betula nana, Eriophorum vaginutum, Vuccinium 
vitis-idaea, Ledum palustre decumbens, and Pyrola 
grandiflora. These species are characteristic of 
late successional sites where soils are acidic, 
ice-rich, and highly organic. 

Depth to water above (+) or below (-1 the 
surface varied widely both among and within 
species (Figure 20). Species associated with the 
greatest water depths above the surface were 
Hippuris vulgaris and Arclophila firlva, both 
species that typically grow in standing water: 
Species that occurred mostly on sites where water 
was near the surface included Carex chordorrhiza, 
C. aquatilis, C. saxatilis, Pedicularis sudetica, 
Eriophorum russeolum, Scorpidium scorpioides, 
and Limprichlia revolvens. Species associated 
with the greatest depths to groundwater included 
Salix alaxensis, Deschampsia caespitosa, Festuca 
rubra, Chqsanthemum bipinnatwn. Oxyfropis 
viscida, 0. defexa, and Equisetum arvense. Many 
species occurred on sites with a wide range of 
water depths, indicating that most tundra plants can 
tolerate a wide range of moisture conditions. Depth 
to groundwater was highly variable both spatially 
and temporally, contributing to high standard 
deviations both within and among species. 

The mean pH of groundwater or soil (when 
groundwater was not present) was circumneutral 
(5.67.4) for most species and highly variable 
within species (Figure 20). Species associated 
with strongly acidic sites included Ledum palustre 
decumbens, Vaccinium vitis-idaea, Berula nuna, 
Eriophorum vaginatum, and Salix planijolia 
pulchra. Species associated with slightly alkaline 
(7.4-7.8) soils included Oxyropis deflexa, Salix 
alarensis, Deschampsia caespitosa, Festuca rubra, 
and Chrysanthemum bipinnatum. The latter group 
typically occur in early successional ecotypes. 
However, most species occurred on sites with a 
wide range of pH values, indicating broad 
ecological tolerances to pH conditions. 

Most plant species were restricted to sites 
with relatively low mean EC values, indicating 
nonsaline conditions (Figure 20). Species that 
occurred mainly where EC was high, indicating 
saline conditions, included Carex subspathacea 
and Puccinellia phryganodes. Several species, 
including Stellaria humifirsa, Deschampsia 
caespitosa, Salix ovalijolia, Dupontia fisheri, 
Elymus arenariw mollis, and Hippuris vulgaris 
bad intermediate mean EC values and high 
standard deviations, indicating tolerance to a broad 
range of salinity conditions. 
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and thaw depths for abundant species in the Northeastern Planning A r e a  of the NPRA, 2002. 
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Ordination of Vegetation 
In addition to the single-factor comparisons, 

detrended correspondence analysis (DCA) was 
used to demonstrate the separation of plots by 
species composition. By superimposing the 
ecotype class for each plot on the ordination, the 
combined effect of physiography and 
environmental variables may be described (Figure 
21). Only non-saline plots were analyzed because 
preliminary analysis showed the species 
composition of salt-affected plots to be so different 
as to force the nonsaline plots into a tight, 
irresolvable cluster in ordination space. 

The DCA revealed strong separation on the 
vertical axis due to physiography, with riverine and 
upland classes particularly distinct. Riverine 
ecotypes are some of the youngest and most 
frequently disturbed classes and most are early or 
mid-successional, while Upland Moist Tussock 
Meadow and Upland Moist Cassiope Dwarf Shrub 
represent some of the oldest classes on the 
landscape. The only substantial overlap between 
riverine and upland occurred with Riverine Moist 
Tall Willow Shrub and Upland Dry Tall Willow 
Shrub which both occur on floodplains and share a 
dominant, pioneering species, Salix alaxensis. The 
ordination placed lowland and lacustrine ecotypes 
between riverine and upland in vertical ordination 
space, and showed considerable overlap between 
lowland and lacustrine classes. There was good 
separation between Riverine and Lowland Moist 
Low Willow Shrub, Riverine and Upland Dry 
Dryas Dwarf Shrub, and Riverine Wet Sedge 
Meadow and other wet sedge classes. Some other 
physiographic distinctions were not as pronounced, 
sedge marsh and moist sedge-shrub classes 
showed considerable overlap among all 
physiographic units. Sedge marshes are dominated 
by Carex aquatilis with few distinguishing species, 
and the species composition of moist sedge-shrub 
probably is driven more by soil moisture and thaw 
depth than specific physiography. 

The horizontal axis of the ordination 
represents a gradient of moisture and drainage. 
Ecotypes with dry or moist conditions and good 
drainage were positioned in the right ordination 
space and ecotypes with wet or flooded conditions 
on the lee. Ecotypes with sandy soils and little 
organic accumulation such as Riverine Moist 

Barrens and tall shrub classes were substantially 
separated from all other classes in ordination 
space, while there was some degree of overlap 
between moist and wet meadow classes and 
complete overlap between wet meadows and sedge 
marshes. This agrees well with observations in the 
field where cutpoints between moist and wet, and 
wet and flooded often were encountered. It also 
emphasizes the value of a physiographic term in 
partitioning and describing differences in 
vegetation composition that can not be 
distinguished from vegetation class alone. 

Ecological Development During Landscape 
Evolution 

We developed conceptual models that relate 
changes in vegetation structure and composition to 
geomorphic processes such as sedimentation, 
organic-matter accumulation, ice aggradation and 
degradation, soil aerationldrainage, and 
acidification. These models, which synthesize the 
interaction between abiotic and biotic processes 
over time and space, are useful in the extrapolation 
of ecological characteristics across the landscape. 
They also improve our ability to map ecotypes and 
their associated characteristics, and allow us to 
predict ecological responses to natural and human 
disturbance. Generalized models for the 
floodplains along Fish and Judy creeks and the 
coastal plain west of the Colville River are 
presented below. These models are based on a 
combination of empirical and inferential data, and 
are intended to present a theoretical overview of 
the patterns and processes associated with 
landscape evolution. More detailed information on 
geomorphic processes is provided in related reports 
on the geomorphology and hydrology of the study 
area (Jorgenson et al. 2003). 
Ecological Development on Floodplains 

On the floodplains of Fish and Judy creeks, 
ecological development is affected by numerous 
geomorphic factors, including permafrost 
aggradation and marine, fluvial, eolian, and 
thaw-lake processes (Figures 22 and 23). Analysis 
of soil stratigraphy revealed that the meander 
floodplain deposits had been formed by four 
processes: (1) fluvial deposition of mineral 
material; (2) eolian deposition of mineral material 
from the barren channels; (3) accumulation of 
organic material derived from partially 
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decomposed plants; and (4) accumulation of ice. 
The importance of each process varies during 
ecological development from Channel Deposits 
(riverbars) to Meander Abandoned Overbank 
Deposits. Eolian Sand Deposits are included in the 
conceptual model of floodplain development 
because they are prominent features on point bars, 
although they are not usually part of the 
evolutionary sequence of fluvial deposits. 

The formation of syngenetic permafrost is an 
important developmental process in arctic 
floodplains. Over the course of floodplain 
evolution, new material is added to the top of the 
active layer through fluvial deposition of sediment 
and accumulation of organic matter. The 
accumulation of organic material, increased 
saturation of the active layer, and changes in 
vegetation structure alter the thermal regime of the 
soils, causing the thickness of the active layer to 
decrease. The addition of new material, and the 
decrease in active-layer thickness, results in the 
incorporation of new mineral and organic material 
into the top of the permafrost. At the same time, 
ice is formed at the bottom of the active layer, 
because water freezes to the top of the permafrost 
during refreezing of the active layer in the fall. 
Over time, this accumulation of ice raises the 
ground surface and makes the surface more 
susceptible to thermokarst. Raising of the surface 
also reduces flooding and sedimentation. 
Ecological development on meander floodplains in 
response to these geomorphic processes is 
described below. 

Riverine Moist Barrens, which occur on 
Meander Fine Active Channel Deposits along point 
and lateral bars, are flooded frequently (every 1-2 
yr), based on analysis of flood frequency for 
similar deposits on the Colville Delta (Jorgenson et 
al. 1998). The sediments usually are composed of 
rippled sands or fines, which are typical of lateral 
accretion deposits, and overlying massive or 
inclined (including cross-bedded) sands, which are 
typical of sandy bedforms. The inclusion of thin 
detrital peat layers, which become stranded on the 
surface by receding floodwaters, is a unique 
characteristic of these sediments. The coarse 
texture of the sediments and lack of vegetative 
cover result in deep thaw layers (mean depth = 
112 cm). The water table is highly variable but 
averages 101 cm below the surface during 

mid-summer. Mean soil pH is 7.2. The surface is 
barren at lower elevations due to the frequent 
scouring and sediment deposition, but pioneering 
herbaceous vegetation may be present along the 
upper margins. Plant species adapted to the 
frequent disturbance include Deschampsia 
caespitosa, Elymus arenarius. Chrysanthemum 
bipinnatum, and Equisetum arvense. 

Riverine Grass Marsh and Riverine Sedge 
Marsh typically form in high-water channels or in 
small ponds created by channel meandering. The 
sites can be rapidly colonized by Arctophila fulva 
and Carex aquatilis. The vegetation may be 
productive, as the habitat is newly available, and 
frequent sediment deposition contributes abundant 
nutrients. Water depths average 53 cm and 17 cm 
above the surface, and pH averages 7.8 and 7.4, for 
Riverine Grass Marsh and Riverine Sedge Marsh, 
respectively. As sediments and organic matter 
accumulate over time, Riverine Grass Marshes 
develop into Riverine Sedge Marshes and, 
eventually, into Riverine Wet Sedge Meadows. 
During the transition, the waterbodies are 
transformed into Meander Inactive Overbank 
Deposits. 

Riverine Moist Tall Willow Shrub occurs in 
narrow strips on point bars immediately adjacent to 
channels, and is associated with Meander Active 
Overbank Deposits. Flooding is relatively frequent 
(every 3-5 yr), but material (mostly sediment) 
accumulates at a lower rate than in Active Channel 
Deposits. The surface sediments generally include 
layered (horizontally stratified silts and fine sands) 
or massive fines, and the active layer is deep 
(133 cm) and well drained. In addition, 
wind-blown sands from nearby barren areas 
usually form small mounds on the surface. 
Groundwater is usually absent in the well-drained 
soils near the channels and soil pH averages 7.7. In 
areas closest to barren river bars, tall shrubs 
dominate. Willow, Salix alaxensis, growth is 
vigorous with Bromus pwnpellianus, Equisetum 
awense, Hedysarum alpinum, and Astragalus 
alpinus common below the shrub canopy. With 
increasing distance from channels, flood 
deposition becomes less frequent, and thin (<I cm) 
layers of moss occasionally form at the surface of 
the Meander Active Overbank Deposits. 

During this active-floodplain phase, 
approximately 0.5-1.0 m of loamy sediment can 
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accumulate on top of the riverbed deposits. This 
accumulation of fine-grained sediments provides 
the primary material for ice aggradation during the 
next evolutionary phase. Eventually, due to 
sediment accumulation and channel migration, 
flooding frequency is reduced to the point where 
peat starts to accumulate. Based on sedimentation 
rates and the lack of change between 1955 and 
1992 on similar deposits on the Colville Delta 
(Jorgenson et al. 1996), we estimate that the 
active-floodplain phase may persist for 100-300 
yr. After this early stage in floodplain evolution, a 
large transition in permafrost development occurs 
on Meander Inactive Overbank Deposits. 

Ecotypes found on Meander Inactive 
Overbank Deposits include Riverine Wet Sedge 
Meadows; Riverine Moist SedgeShrub Meadows; 
Riverine Moist Low Willow Shrub; and Riverine 
Dry Dryas Dwarf Shrub, depending on soil 
moisture status. Flood frequency (approximately 
every 5-25 yr) and sedimentation rates are 
substantially lower, leading to build-up of organic 
material and the formation of distinctive 
interbedded layers of silt and peat. Layered 
organics generally are contained within the active 
layer but sometimes extend into the permafrost. 
Thaw depths are substantially less than in the 
previous stage due to changes in vegetation 
composition and in thermal properties of the soil. 
The sediments in the active layer, which were 
deposited during the previous phase, slowly join 
the permafrost. Ice wedges become well 
developed, leading to the formation of 
low-centered polygons on the surface. Over most 
of the inactive floodplain, the active layer remains 
saturated throughout the summer, resulting in 
anaerobic conditions and gleyed soils. The 
permanently saturated soils (mean water depth 
below surface = 4 cm) typically have neutral soil 
pH (mean = 6.9) and usually support Wet Sedge 
Meadow Tundra dominated by Carex aquatilis, 
Eriophorum angust~folium, and Salix lanata 
richardsonii. In areas with slightly better drainage, 
such as gently sloping point bars (mean water 
depth below the surface = 37 cm), Riverine Moist 
Sedge-Shrub Meadows with C. aquatilis, E. 
angustifolium, and Drym integrifolia are prevalent. 
On somewhat well-drained (mean water depth = 

52cm), mottled soils, the typical ecotype is 
~iverihe Moist Low Willow Shrub, dominated by 

S. lanata richardsonii, Equisetum scirpoides, E. 
variegatum, Carex aquatilis, Lupinur arcticus, and 
Tomentypnum nitens. The Riverine Moist Low 
Willow Shrub can occur either in a successional 
sequence after the Riverine Moist Tall W~llow 
Shrub stage or at locations where channel 
migration has undercut the bank, leading to 
increased soil drainage, and sedimentation. On 
well-drained areas (mean water depth below 
surface = 70 cm, when present), such as old point 
bar ridges, Riverine Dry Dryas Dwarf Shrub, 
dominated by Dryas integrifolia, commonly is 
found. Soil conditions are aerobic, with little 
organic matter accumulation, and soil pH remains 
strongly alkaline, presumably due to capillary 
movement of cation-rich groundwater to the 
surface where it evaporates and deposits 
carbonates. 

The decrease in thaw depth, increase in soil 
saturation, and reduced sedimentation that occur 
during this phase all contribute to the accumulation 
of organic material and ice at the top of the 
permafrost. Eventually, the surface becomes raised 
enough that flooding is rare (every 25-200 yr), at 
which point the deposit can be considered a 
Meander Abandoned Overbank Deposit. The time 
required to reach this transition is approximately 
1500-2500 yr, based on similar processes in the 
Colville Delta (Jorgenson et al. 1998). 

Meander Abandoned Overbank Deposits are 
the oldest portions of the floodplain (with the 
exception of a few isolated Alluvial Terraces). 
These areas typically support Lowland Wet Sedge 
Meadows and Lowland Moist SedgeShrub 
Meadows. Flooding and sedimentation are 
sufficiently rare (every 25-150 yr) that these 
ecotypes are not considered to be riverine. 
Surficial deposits typically have deep (1-3 m) 
accumulations of massive and layered organics that 
have been deformed or turbated by formation of 
large ice-wedges. Eolian material also is present 
occasionally. Due to the accumulation of organic 
material and moderate thaw depths (mean = 48 cm) 
on the abandoned floodplain, the active layer 
becomes dominated by organic material. The 
continued development of massive ice wedges 
creates a network of Low-centered, High-relief, 
High-density, Polygons, in which the ice wedges 
occupy approximately 20% of the volume of the 
top 2 m of permafrost. Because of the irregular 
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topography resulting from polygon development, 
the surface typically supports a complex mosaic of 
lowland meadow ecotypes. In Lowland Wet Sedge 
Meadows, water depths average 3 cm below the 
soil surface and pH averages 6.6. The vegetation is 
dominated by Carex aquatilis and Eriophorum 
angmtijolium. The common associates C. 
chordorrhiza and C. rariflora are indicative of 
slightly acidic, nutrient-poor conditions. At the 
latest stage of development, the centers of the 
polygons are raised sufficiently, by accumulation 
of organic matter and ice, to become high-centered 
polygons supporting Lowland Moist Sedge-Shrub 
Meadows. Water depths average 28 cm below the 
soil surface and mean soil pH is 7.0. The 
vegetation is dominated by C. aquatilis, C. 
bigelowii, D v a s  integrifolia and Salix planijolia 
pulchra. We estimate that this phase occurs 
200&3000 yr after the active-floodplain phase. 

By the time the abandoned-floodplain stage is 
reached, so much ice has accumulated in the 
sediments that the deposits become susceptible to 
thermal degradation and collapse. The centers and 
troughs of low-centered polygons can degrade 
enough to form permanent waterbodies (0.3-3 m 
deep). As thermokarst proceeds, small ponds 
coalesce into larger Riverine Lakes. The 
thermokarst lakes tend to have rounded shorelines, 
in contrast to the long, sinuous lakes that form in 
abandoned channels. Some of these thaw lakes 
become tapped and drained by river channels. 
Because of the low elevation of the exposed lake 
bottom, sediment deposition from floodwater again 
becomes frequent and, at this point the whole 
evolutionary process begins again, starting with 
Riverine Barrens. 

This conceptual model of floodplain evolution 
is similar to those developed for the Meade River 
by Peterson and Billings (1978, 1980); for the 
upper Colville River by Bliss and Cantlon (1957); 
and for the Colville Delta by Jorgenson et al. 
(1997). Ecological development in the 
northeastern NPRA is most similar to that 
described for Meade River, which is also 
characterized by sandy channel deposits. The 
upper Colville River differs in that the channel 
deposits are gravelly and alder is the dominant 
shmb on the floodplain. The Colville Delta differs 
slightly because of the effects of salinity at lower 
floodplain stages. 

Ecological Development on the Coastal Plain 
One on the most striking features of the Arctic 

Coastal Plain is the great abundance of lakes and 
drained lake basins. The presence of the lakes and 
basins has been attributed to a thaw-lake cycle 
where (1) thermokarst lakes develop in ice-rich 
sediments; (2) the lakes are tapped and drained to 
form drained-lake basins; and (3) the basins 
eventually accumulate sufficient ice to start a new 
cycle (Black and Barksdale 1949, Hopkins 1949, 
Britton 1957, Carson and Hussey 1962, Tedrow 
1969, Webber 1978, Walker et al. 1980). These 
concepts of the development of thermokarst lakes 
and subsequent drainage are applicable to areas 
with ice-rich sediments, such as near Barrow and 
on the Colville Delta, but a substantially different 
process occurs in the sandy, ice-poor sediments 
that cover most of the coastal plain. 

Recent studies have indicated that most of the 
lakes and basins on this portion of the coastal plain 
were not formed by thermokarst (Jorgenson et al. 
2003). Instead, the lakes resulted from flooding of 
low-lying terrain during the beginning of the 
Holocene, when the surface stabilized and the 
climate became warmer and wetter than in the late 
Pleistocene. Erosion of lake shorelines, by wave 
action and differential transport of fine-grained 
sediments, has lead to the sorting of sands along 
the margins and accumulation of disseminated peat 
and algae in the deep central portions of the lake 
basins. Concurrently, development of drainage 
networks through the poorly integrated landscape 
during the early Holocene lead to widespread 
drainage of lakes. 

Complete or partial drainage of the basins 
then created the conditions for ice aggradation in 
the newly exposed sediments. The nature and 
volume of the ground ice that develops in the 
newly exposed sediments are highly variable 
within a basin depending on soil texture. A 
common pattern, however, is for organic-rich silts 
in the centers to accumulate high volumes of 
segregated and wedge ice and become raised, 
while the sandy margins remain ice-poor with 
minor amounts of wedge ice. As the centers 
become raised, the margins become the lowest 
portions of the basins and, therefore, accumulate 
water in small, shallow ponds. These ponds 
eventually become subdivided and shrink as 
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organic matter and small amounts of segregated ice 
accumulate in the wet meadows surrounding the 
ponds. 

The raised ice-rich centers, however, are 
prone to thermal degradation and provide the 
conditions for development of true thaw lakes. 
These lakes become essentially permanent features 
of the landscape; drainage is unlikely as the lakes 
are surrounded by higher ground. According to 
this conceptual model, some true thaw lakes 
(formed by degradation of ice-rich sediments) 
occur on the coastal plain, but most lakes in the 
region are formed simply by impoundment of 
water in depressions. Based on this revised 
conceptual model of lake and basin evolution, the 
following discussion identifies the ecological 
changes associated with these changing physical 
conditions (Figures 24 and 25). 

Lowland Lakes include both deep and shallow 
lakes. Deep lakes typically are those associated 
with the deep centers of the original persistent 
lakes formed in deep depressions. More rarely, 
they are thaw lakes that have formed in the ice-rich 
centers of basins. Shallow ponds typically are 
those that have formed around the margins of 
drained basins, but occasionally represent thaw 
lakes in basin centers. At the earliest stage 
(Ice-poor Thaw Basins that lack low-centered 
polygons), the ponds typically have irregular 
shorelines and are highly interconnected. As ice 
begins to aggrade in the sediments within and 
adjacent to the ponds (Ice-rich Thaw Basins with 
low-centered polygons), and organics accumulate 
along the margins, the ponds become smaller and 
less connected. Because the ponds are shallow 
(cl m), they freeze to the bottom and are relatively 
thaw stable. At the oldest stage they have low, 
smooth, rounded shorelines, usually have reddish 
diatomaceous algal mats on the bottom or along the 
shoreline, appear to be relatively unproductive, and 
have stable shorelines. 

The shallow water along the margins of lakes 
and ponds is often colonized by aquatic sedges and 
grasses. Lacustrine Grass Marsh, dominated by 
Arctophila fulva, typically occurs in slightly deeper 
water (3G-100 cm) with younger, more 
nuhient-rich, circumneutral sediments. With 
sedimentation or lowering of the water table, 
Lacushine Grass Marshes can be replaced by 
Lacustrine Sedge Marshes. Sedge marshes occur 

in shallower water (10-30 cm deep) and the 
vegetation is typically dominated by Carex 
aquatilis, Eriophorum angustifolium, and 
Scorpidium scorpioides. At these early 
successional stages, water pH averages 7.1 and 7.0, 
respectively, for the Lacustrine Grass and Sedge 
marshes. 

In areas where the lakes have been recently 
drained, broad expanses of sandy sediments form 
Lacustrine Moist Barrens. After tapping, the 
Lacustrine Moist Barrens are rapidly colonized by 
Carer aquatilis, Eriophorum angustifolium, 
Arctophila fulva, Puccinellia andersonii, and/or 
Deschampsia caespitosa, depending on drainage 
conditions. Because most lake basins were tapped 
during the middle Holocene by the developing 
drainage network, recently drained basins with 
Lacustrine Moist Barrens are relatively rare, 
covering 10.1% of the study area. 

Through colonization and growth, the barren 
areas are converted to Lacustrine Wet Sedge 
Meadows in poorly drained areas and Lacustrine 
Moist SedgeShrub Meadows in moderately 
drained areas. In the poorly drained areas, the 
surface generally is flooded during the early 
summer and remains saturated throughout the 
summer Vigorous stands of Carex aquatilis and 
Eriophorum angustifolium can develop in 
Lacustrine Wet Sedge Meadows; these species are 
well adapted to exploiting newly available habitat 
with abundant nutrients. Due to the high 
productivity and anaerobic soil conditions, peat 
accumulation is rapid, resulting in relatively thick 
organic accumulations (mean = 20 cm). Lacustrine 
Moist Sedgeshrub Meadows occur in 
bener-drained conditions and are dominated by 
Drym integrifolia, Carex aquatilis, and 
Tomentypnum nitens, with lesser amounts of Salk 
reticulata, Carex bigelowii and E. angustifoliwn. 
Lacustrine Moist Low Willow Shrub also 
occasionally occurs in young basins and is similar 
to Lacustrine Moist Sedge-Shrub Meadows, 
except that Salix lanata ssp. richardsonii and S. 
planifolia ssp. pulchra are sufficiently abundant to 
form an open shrub canopy. In these lacustrine 
environments, soil pH remains circumneuhal. 

Ice aggradation over time alters ecological 
processes by raising the ground surface, altering 
slope drainage, and creating a wider range of 
microsites (e.g., high- and low-centered polygons) 
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for plant growth. This change marks the transition 
from lacustrine conditions, dominated by the 
properties of the newly exposed sediments and by 
large water-level fluctuations in the basins, to 
lowland conditions, characterized by less seasonal 
flooding, shallower thaw depths, greater 
cryoturbation of soils, greater microsite diversity, 
and increased acidity. During this transition, 
Lacustrine Wet Sedge Meadows develop into 
Lowland Wet Sedge Meadows. Productivity 
declines and minor changes in species composition 
occur, notably increases in cover of Carex 
saxattlis, C, chordorrhiza, and Erioplzorum 
rusreolum. With continued ice aggradation, the 
low-centered polygons become smaller, the 
polygon centers fill in with ice and organic 
material, and the surface is raised to such an extent 
that Lowland Moist Sedgeshrub Meadows 
become more prevalent. With the better drainage 
Dryas integrifolia, Salix reticulafa, and Carex 
bzgelowii become more abundant. Lowland Moist 
Low Willow Shrub is similar to L ~ u s t r i n e  Moist 
Low Willow Shrub, except that it is more strongly 
acidic (mean pH of 5.5) and S. lanizta ssp. 
richardsonii no longer occurs 

The highest and oldest surfaces on the thaw 
lake plains consist of broad, gently rolling, hills 
that are barely distinguishable from the flat plain. 
Over time, these gentle dopes become dissected by 
erosion and mass wasting, thereby providing a 
modest differentiation En relief between swales, 
slopes, and ridges. Dense networks of ice-wedges, 
formed over many thousands of years, are present 
below the surface but frequently are not evident 
due to soil movement on the slopes. Upland Moist 
Tussock Meadow generally occurs on the 
better-drained portions of the slopes and on broad 
ridges, where groundwater is absent or at 
substantial depth (mean = 28 cm) during 
mid-summer. 'Chaw depths are shallow and the 
soils are highly turbated by freezing and thawing. 
In areas with circumneutral soils (mean pH of 6.61, 
the vegetation is dominated by Eriophorum 
vaginatun? and numerous shrubs, including Dyas  
integrifofoliu, Cassiope tetragonu, and Salix 
reficzalata. On acidic soils (mean pH 5.4), the 
vegetation includes more Ledum decumbens, S. 
planifolia pulchra, Vaccinium vifis-idaea, and 
Hylocomiurn splendens. 

Steep or exposed ridges and bluffs with 
alkaline soils (mean pH of 7.4) typically support 
Upland Dry Dryas Dwarf Shrub, which is 
dominated by Dryas integrifolia, Sblix glauca, 
Arctostaphylos alpina, and Thamnolia 
vemicularis. Well-drained, less exposed banks 
and ridges with circumneutral soils (mean pH = 

6.0) support Upland Moist Cassiope Dwarf Shrub, 
which is dominated by Cassiope teh-ugona, Dryas 
integrifolia, Salix phlebophylla, and Hylocomium 
splendens. Groundwater is usually absent and 
accumulation of organic material is negligible. 
These ecotypes dominated by dwarf shrubs are 
relatively unproductive, as indicated by the low 
cover of grarninoids (mostly Carex bigelowii) and 
deciduous shrubs, and high cover of slow-growing 
evergreen shrubs and lichens. 

The upland ecotypes are relatively stable; 
successional patterns are indistinct and transitions 
are slow. Recently, analysis of natural degradation 
of ice-wedges in upland surfaces indicated that the 
uplands are susceptible to dramatic changes under 
a warming climate, however. (Jorgenson et al. 
2003). In some areas, rapid degradation of ice 
wedges and development of high-centered, 
high-relief polygons has led to a loss of Upland 
Moist Tussock Meadows and an increase in 
Lowland Wet Sedge Meadows in the degrading 
polygon troughs. Lowering of the water table 
because of drainage into the troughs also has 
converted some Lowland Wet Sedge Meadows into 
Lowland Moist Sedge-Shrub Meadows. The 
extent of the natural thermokarst, however, has not 
been sufficient to create thermokarst lakes and 
initiate a thaw-lake cycle. 

ECODISTRICTS 
The landscape surrounding the study area was 

divided into seven ecodistricts that have unique 
physiographic characteristics and repeating 
assemblages of terrain units, surface forms, and 
vegetation (Table 14, Figure 26). These 
ecodistricts in turn were subdivided into 27 
ecosubdistricts that further reduce the variation in 
ecological characteristics. The ecodistricts of 
principal interest to this study are the Beaufort Sea 
Shal tow Nearshore Water, Central Beaufort Sea 
Coast, Colville River Delta, and the Western 
Beaufort Coastal Ptain. The ecosubdistricts of 
principal interest include the Harrison Bay Shallow 
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Results and Discussion 

Table 14. Classification and description of ecodistrict and ecosubdishicts (landscape-scale ecosystems) 
in the Northeastern Plannine Area of the NPRA. 2002. ., 

Ecosub- 
Ecodistrict district Description 

Beaufort Hanison Bay Shallow (<2 m) Nearshore Waters on the inner continental shelf oftbe Beaufort Sea extending 5 
Sea Shallow to 10 km out kom the shoreline, sediments are sandy. Salinity of coastal water is highly variable 
Shallow 
Nearshore 
Water 

CenIIal 
Beaufort 
Sea Coast 

Western 
Beaufort 
Sea Coast 

Nearshore 
water 

Fish Creek 
Coast 

Simpson 
Lagoon 
Coast 

Cape Halkeu 
Coast 

depending on season, wind?, proximity to rivers and channeliand river discharge. &&I the 
mean direction of the s d c e  current is to the west. Mean tidal variation is 10 cm, although tides 
are stmnelv affected bv winds and fall storm surees wmmonlv reach 1 m. Water can Freeze to 
the bottomin winter. 

- 
Shallow Nearshore Waters extending h m  the coastline to a series of barrier islands that parallels 
the coast. Effects of sea ice within the lagoon are minor. 

A salt-affected coastal area at the mouth of Fish Creek near the Colville River Delta. The area 
lacks barrier islands and thus is exposed to wave anion. Shoreline deposits are fme-grained 
muds and are acmting sediments discharged fmm the Colville River &d Fish creek. Common 
ecosystems include Coastal Lakes and Ponds, Coastal Barrens along beaches and mudflats, 
Coastal Wet Meadows on mudflats, and Coastal Salt-killed Meadows where storm surges have 
killed Lowland Wet and Moist Meadows. 

A salt-affected coastal area behveen the Colville River Delta and Pmdhoe Bay. Most of the area 
is Drotected bv barrier islands and thus is less emosed to mave and ice action. Shoreline dewsits . 
are mustly sand and p v e l  and emsion rales aterage 1.4 m)r .  Common ccos)stcms are rimilx 
to those described fir  Fish C m k  Delta 

A salt-affected coas~al area hetween lkpikpuk Riber and Fish Creek 1he area lack\ barrier 
islandc and is rhus exposed IGI strung wave action. I t  has the h~ghe,l w&vd erosion rates along 
the Hcaufon Sea coast. LD lo 10 m \ r  In addition to coastal erosion saln\ntsr ~nrmsiun enends . . 
up to 16 Ian through inlerconnectei drained-lake basins. The soils &e comprised of ice-rich 
marine silts, consequently thaw lakes and drained basins are ~articularly abundant. Common 
ecosystems are similar to-those described for Fish Creek ~ o & t .  

Colville Cul\~lle Outcr The outer portion of the dclta dominated by tidal action and sedimentation h m  thc Colb illc 
Riwr Delta Ritcr. Common ecos~stems include ridal K i \ m  associated with d~aributaries ofthe Colv~lle 
Delta Kiver. and Coa\*II l&s and pun& suhjecl lo infrequent coastal flooding. Coastal Barrens o w -  

on Tidal Flab and tapped lakc basins and Coastal Wet Mcadout on infrequentl) inundated areas. 
Coastal Salt-killed wet Meadows are found on Inactive-floodolain ~ o v e r ~ k ~ s i t s  that have been 
affected by storm surges. Coastal Dwarf Scmb occurs on higier areas and ~Aastal Marshes 
formed in deep, Low-centered Polygons resulting 6om permahst degradation. 

Colville Inner The inner portion of the Colville River Delta is less affected by wastal processes, but still 
Delta includes some salt-affected areas at lower elevations. Common ecosystems include Tidal Rivm 

associated with distributaries of the Colville River, and Riverine Shallow and Dew Lakes formed 
ham thauing permahosl. Cuastal H w n s  uifur on Delta Ki\,crbediRivnhars aniRivcrine Low 
and Tall S ~ n b  on rligluly htgher m a s  rrcei\ing frequent cedimcntaliun. Riverine Dwarf Surub 
occurs on well-drained loa& river terraces andRiv&ne Marshes in channel vonds. Riverine 
Wet Meadows uccuron poorly drained Active and Inacl~ve-floodplain Co\er Depusia subjem to 
regular to occasional flooding, and Louland Wet Mcadoas on Abanduned-floodplain Ccncr 
Dcpohiu that rarely m flooded. L'pland Sandy Low Scrub ocruri on acti\e Eolian Sand Dunes 
and Upland Sandy DwvarfScmb on inactive Eulian Sand Duncr 

Colville Lower The lower oortion of the Colville River flood~lain extendine h r n  the delta to the mouth of the 
Rivcr Colr ille ~ n a k t u \ u k ~ i v e r .  Common sms)sterns include Lower ~e-ial Kitcr, and Rivennc Shallow 
Floodplain River and Dcep lakes formcd horn thauing permahst and atfectcd by occa~iond flooding. Ri\erinc 

Floodolain Barrens bccur on Delta Riverbedl~iv&ars and Riverine l a w  &d Tall Scrub on areis of freauent 
sedimentation. Expansion of alder on the floodplain is especially notable. Riverine Dwarf Scmb 
is uncommon. Hiher  on the floodplain, Riverine Wet Meadows occur on poorly drained 
lnac"\e-floodplain Dcgoiits thm & ouasiunally flooded and Lonrland W; Mcidous on 
Abandoned-floodplain 1)rposiIs that rawly are flooded. 
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Table 14. (Continued). 
Ecosub- 

Ecodistrict district Description 

Central Miluveach A relatively flat pottion of the coastal plain near the Miluveach River. The area was affected by ~. 
Heaufon Lotrer two mdnns uanrgrrssionr between 70-and 130 thousand ) e n  ago that reached a5 high as 10 &. 
Coasral Coaaal Suficral deposits primarily arc eolian silt and sand over alluvial grdtel and the area has been 
Plain Plain ereatlv affected bv thaw lake mcesses. The soils are moderatelv lo sliehtlv acidic (hinicallv DH - .  ... . . 

5.5-6 5). Com&a rcosyskmr include Lowland Shdlou and beep Lakrr, and l.ilcustrinc Wet 
Meadous and Lacustrine Thaw Complexes in ice-poor Thau Hasins. I akes generally arr 1'!2 m 
deep. Lowland Thaw Complexes oc& in older I&-rich Thaw Basins. Lowland wet Meadows 
and Lowland Moist Meadows occur in low-lying areas and swales that have been raised by ice 
agpadation. Upland Tussock Meadows occur on upper slopes and broad ridges. 

Miluveach A gently rolling portion of the coastal plain near the Miluveaoh River. The area was affected 
UPPR several marine transmessions 0.5 to 3.5 million years ago that reached a maximum elevation of 
cb&tal about 4 M 0  m. ~urficial deposits are primaril~eolian~wds over alluvial and marine gravels and 
Plain are circumneutral to slightly alkaline (typically 6.5-7.6). The area has been greatly affected by 

lacustrine Drowses and lake drainaee. but erosion and drainaee develooment over time has 
created a &ore rolling topography. & m o n  ecosystems are s-imilar to bose described above for 
the Miluveach Lower Coastal Plain. 

Lower A relatively flat portion of the coastal plain between the lo- Colville and Itkillik rivers. 
Colville Suriicial deposits are primarily eolian silts over alluvial gravels and are circumneuhal 10 slightly 
Coastal alkaline (lypically 6.5-7.6). The area has been greatly affected by lacustrine processes and lake 
Plain drainage. Common ecosystems are similar to those described above for the Miluveach Lower 

Coastal Plain. 

K u p d ?  A gently rolling portion of the coastal plain between Kalubik Creek and the Kupmk River 
Sagavanirkto underlain by gravel deposited by braided-river processes on an alluvial plain. Some of the 
k Coastal subsurface mvel  is saline. indicative of dewsition in a marine environment. The surface is 
Plain cotered aith eolian sand Ad lacusmne de&sm and thav lake processes x c  prevalent. Common 

ecosystems are similar to thor  desmbcd above for the heilulu\cauh lower Coastal Plain. 

Kachemacb The narrow, meandering floodplain of the Kachemach River is affected by flooding, 
River sedimentation, and river meandering. Channel deposits are gravelly and overbank deposits are 
Floodolain mostlv sandv. Near the headwater. the water is sliehtlv saline f~om seenaee of water throueh - .  . - 

s!ightl) saline marine sediments. c'ommon wo~).stems include Rirerine B m s  on active 
ohanr.el deposiLs, Ki\erine luw and Tall Scrub on actwe o\erbank deposits with frrquent 
sedimentation, Riverine Dwarf Sclub on well-drained sandy inactive floodplains, and Riverine 
Wet Meadows on poorly drained inactive floodplains. 

Miluveach The narrow. meanderin~ flood~lain ofthe Kachemach River is affected bv floodine. -. 
River sedimentation, and rivermeandering. Channel deposits are gravelly and overbank deposits are 
Floodplain mostly sandy. Near the headwater, the water is slirhdy saline from seepage of water throueh 

slightly saline matine sediments. ~ommonecos~s ten i  are similar lo those described for the 
Kachemach River Floodplain. 

Lower The broad. braided floodolain of the lower K u ~ a ~ k  River is affected bv floodine sedimentation. -. 
Kupmuk and channel migration. channel deposits are &elly and inactive ov&bank deposits typically 
River are sandy. Common ecosystems include Riverine Barrens on active channel dmsits.  Riverine 
Floodplain Low and Tall Srmb on a&ve overbank deposits with hquent  sedimentation, kverine Dwarf 

Scmb on dl-drained sandy inactive floodplains, and Riverine Wet Meadows on poorly drained 
inactive floodplains. 

lawer The highly sinuous, meandering floodplain of the lower Itkillik River is affected by flooding, 
Itkillilk River sedimentation, and channel migration. Channel dewsits are sandy ta gravelly and inactive 
Floodplain overbank deposits are silty. C&on ecosystems &e similar to those described for the Lower 

Colville Floodplain. 
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Table 14. (Continued). 
Ecosub- 

Ecodistrict district Description 

Western Teshekpuk A relatively flat portion of the coastal plain near Teshekpuk Lake resulting from bansgression of 
Beaufort Lower shallow seas. The massive to worlv stratified denosits are com~rised of fine to medium sand 
Coastal Coastal Plain includes pebbly chert, lenses i f  silt; sand and organic material.'Underlying permafrost has high 
Plain ice content. Oriented lakes are abundant bur usually small. Common ecosystems are similar to 

those described for the Fish Creek Lower Coastal ~ i a i n .  

Cape HalkeU A relatively flat portion of the coastal plain near Cape Halkett characterized by abundance of 
Lower lame drained lake basins due to its moximitv to the mast. The area is underlain bv verv ice-rich. . . 
Coastal Plain m a k e  sandy silt containing sca t t ek  pbbies and lenses of sand, clay, pebbly sand, and fine 

' 

mavel. Fossil shells, marine mammal bones. o m i c  horizons, drifhwod, and occasional erratic 
boulders up to 1 m in d~ametn. Nearl) the entie surface has been affected by thaa. Idke, and 
basin drainage. Common ecosystems arc similar to those desmbed for the Fish Creek Lower 
Coastal Plain. 

Fish Creek A relatively flat portion of the coastal plain near Fish Creek Its genesis and dominant 
Lower ecosystems are very similar to those described for the Miluveach Lower Coastal Plain. 
Coastal Plain 

Ublutuoch A gently rolling portion of the coastal plain near Ublutuoch Creek. Its genesis and dominant 
Uolrer Coastal ecosystems are verv similar to those described for the Miluveach Uooer Coastal Plain. Lakes 
p i i n  tendlo be rather sl;allow (<2 m deep). 

b i b &  A gently mlling region of the coastal plain that extends h m  Fish Creek to the Meade River. The 
Uolrer Coasutl area was aeaflv affeded bv de~osition of eolian sand durine the late Pleistocene that created - .  . . 
p i i n  

- 
distinctive linear dunes up to several tens of meten thick. Due to the dunes, the drainage network 
is owrly develo~ed. Abundant lakes that have formed in the dmressions are due to impeded . . 
drainagc and no; thaw-lake processes, alhough shoreline msion has conwihuted w a sight NW- 
SE orientation ulthe l a k s  Surface soils are sand) and acidic to circwnneutral, and underlying 
vennai?ost is ice-noor. Common ecosvstems include Lowland Lakes in dmressions. ~acushin;. 
wet  Meadow along lake margins, ~o;vland Wet Meadow and Lowland Moist ~ e a d o w s  in low 
lymg basins and swales with ooIy~o.onal develooment Uoland Tussock Meadows on uvoer slooes, 
&dkpland Dry ~ w a r f ~ h r u b  andUpland MO~SI DwarfwarfShrub on more exposed dune"dges. ' 

Fih-Judy The sinuous, meandering floodplains of Fish and Judy creek are affected by floodmg 
Creek sedimentation. and river meanderine. Channel dmosits are sandv and overbank dmosits are - 
Flwdplains loamy to sandy. Common ecosystems include Riverine Barrens on active channel deposits, 

Riverine Low and Tall Scrub on active overbank dewsits with iiequent sedimentation, R i v e ~ e  
D ~ a r f  Scrub on uelldrained sandy inactive floodplains, and Kiverinc Wet Meado\rs on puorly 
drained inmive floodplans. Riwine lakes are common in abandoned channels and thaw lnkes 
fonn in ice-rich abandoned floodolains. Sand dunes are common alone the mint bars and - .  
support Upland Dry Tall Scrub i d  Upland Dry Dwarf Scrub. 

Kealok Creek i h e  sinuous, meandering floodplain of Kealok Creek is affected by flooding, sedimentation, and 
Flwdplain river meandering. Channel deposits are sandy and overbank deposits are loamy to sandy. 

Common ecosystems are similar to those describe for Fish-Judy Creek Floodplains. 

Kal i i ik  The sinuous. meanderina flwdolain of Kalibik River is affected by flooding sedimentation, and 
~ i v e r .  

- - 
ri\ cr meandering. Channel deposilq Z.R sandy and o\,rrbank deposits are loamy to sandy. 

Floodplain Common ecosystems arc similar to those desmbc for Fish-Judy C m k  Floodplains. 

Kikialoorak The meandering floodolain of Kikiduorak River is affected bv floodine. sedimentation. and river - -. 
River meandering. Channel deposits are gravelly and overbank deposits are sandy to loamy. Common 
Floodplain ecosystems are similar to those described for the Kachemach River Floodplain. 

Lower K u o a ~ k  A hillv area formed from Teniarv condornerate and undifferentiated sand and aavellv sand. A ~~ x ~ ~~~ 

~ ~ , ~~ . - - .  
Central Uplands thick layer of eolian silt and sand overlays the comer material and thaw-lake development is 
Bmoks reduced due to the rlooine towmohr .  Presence of isolated erratic boulden (UP to I0  m) 
Foothills 

. - 
indicates poniuns the region was glaciated during h e  ' l a n i q .  Subsuriacc deporiu are .aline in 
places. Common ecosystems include Upland Tus,ock Meadow on ucll-drained slopes, lowland 
Moist Meadows on lower slooes. Lowland Wet Meadow in deo~ssians  and drainmen. and - 
Riverine Low Scrub in drainages. 
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Nearshore Water, Fish Creek Coast, Colville Outer 
Delta, Colville Inner Delta, Fish-Judy Creek 
FloodpJains, Fish Creek Lower Coastal Plain, 
Ikpikpuk Upper Coastal Plain, and the Ublutuoch 
Upper Coastal Plain. 

The ecodistricts provide a way of stratifying 
the distribution of ecotypes that frequently are 
contextually related. For example, Riverine Moist 
Barrens, Riverine Moist Tall Willow Shrub, 
Riverine Wet Sedge Meadow, Riverine Lake, and 
IJpland Dry Dryas Dwarf Shrub are found almost 
exclusively in the Fish-Judy Creek Floodplains 
ecosubdistrict within the study area. Lacustrine 
Wet Sedge Meadow, Lowland Wet Sedge Meadow, 
Lowland Moist Sedge-Shrub Meadow, Upland 
Moist Tussock Meadow, and Lowland Lake are 
found within the Fish Creek Lower Coastal Plain, 
Ublutuoch Upper Coastal Plain, and Ikpikpuk 
Upper Coastal Plain ecosubdistricts. Coastal Moist 
Barrens, C:oastal Wet Sedge Meadow, Coastal 
Moist Willow Dwarf Shrub, Coastal Salt-killed 
Wet Meadow, and Coastal Lake are found within 
the Fish Creek Coast and Colville Outer Delta 
ecosubdistricts. 

ECOLOGICAL LAND EVAIJUATION 

An ecological land evaluation involves the 
assessment of the capabilities or sensitivities of the 
terrain for specific ecological or engineering 
applications. In this section we illustrate four uses 
of the integrated-terrain-unit (ITU) map for land 
management applications: (1) development of a 
wildlife habitat map designed to differentiate 
characteristics inlportant to waterbirds for 
habitat-use analyses (Burgess et a!. 2003), (2) 
mapping of flooding regimes for facility siting, (3) 
mapping of sensitivity of ecosystems to oil spills, 
and (4) mapping of the sensitivity of ecosystems to 
winter off-road traffic. 

WILDLIFE HABITAT 
For analysis of wildlife habitat use, 

particularly for waterbirds, the ITUs were 
aggregated into a reduced set of habitat classes that 
etnphasized slightly different ecological 
characteristics than did the ecotype classification 
(Table 15). For example, the habitat classification 
differentiated several waterbody characteristics 
(e.g., presence of islands, shoreline configuration) 
that are important for nest-site selection, and 

grouped barrens, shrub types, and wet meadow 
classes jn different ways than did the ecosystem 
classification. While this classification is more 
suitable for analysis of waterbird habitats, a habitat 
classification for other animals may emphasize 
other ecological attributes. Our habitat 
classification system originally was developed in 
1988 (Jorgenson et al. 1989) and 11as undergone 
only minor modifications (Appendix Table 7). We 
maintained the use of the old system in this study 
to facilitate comparison with habitat use results 
from previous studies in the Colville Delta 
(Johnson et al. 1997) and Prudhoe Bay (Johnson et 
al. 1990, Anderson et al. 1992, Murphy and 
Anderson 1993). In contract, the ecotype 
classification incorporated greater emphasis on 
geomorphic and hydrologic linkages and was 
derived from analysis of results of field surveys. 

For analysis of habitat selection, the 325 ITUs 
were reduced to 27 wildlife habitat classes (Figure 
27, Table 15). This aggregation resulted in 14 
terrestrial, 9 waterbody, and 4 complex types. The 
most abundant habitats included Moist Tussock 
Tundra (27.4% of total area), Moist Sedge-Shrub 
Meadow (23.2%), Old Basin Wetland Complex 
(8.8%), Deep Open Water without Islands (7.2%), 
and Deep Open Water with Islands (5.2%) (Table 
10). Twelve habitats were relatively rare (<I% 
area). A comparison among habitats, ecotypes, 
and vegetation types is provided (Table 16). 

The habitat map, in conjunction with wildlife 
survey data, was used to quantify habitat selection 
by various bird and mammal species (Burgess et al. 
2003). Analyses revealed both large differences in 
habitat use among species, and strong seasonal 
patterns within species. For example, Canada 
Geese preferred Shallow Open Water with Islands 
for nest sites and Yellow-billed Loons preferred 
Deep Open Water with Islands. The analysis of 
habitat use, however, bccomes exceedingly 
complex when differences in wildlife species, 
seasonal use ( i .  pre-nesting, nesting, 
brood-rearing, fall staging), and ecological regions 
(i.e., delta and coastal plain) must be considered 
and it becomes difficult to synthesize the 
information into simple mitigation objectives. Orle 
approach to dealing with this complexity is to 
summarize the information into an index of the 
diversity of habitat use that identifies those habitats 
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Table 15. Classification and descr ipt ions  of wildlife habitat classes in Northeastern Planning Area of 
the NPRA. 2002. 

Habitat Class Description 

&en Nearshore Shallow estuaries. lagoons, and embavments alone. the coast of the Beaufort Sea. Winds. tides. river . - 
water discharge, and icing create dynamic changes in and chemical characteristics. ~ i d a l  range normally is 

small (< 0.2m). but storm surges produced by winds may raise sea level as much as 2-3m. Bonom sediments 
are mostlv unconsolidated mud. Winter freezine eenerallv beeins in late Swtember and is comoleted bv late - - . - 
November. An important habitat for somc species of watrrfowl for molting during spring and tsll staging. 

Brackish Water Coastal ponds and lakes that are flooded periodically with saltwater during storm surges. Salinity levels oAen 
(Tidal Ponds) are increased by subsequent evaporafion of impounded saline water. Sediments may contain peat, reflecting a 

freshwaterltenesh~ial origin, but this peat is mixed with deposited silt and clay. 

Tapped Lake Waterbodies that have been partially drained by erosion of banks by adjacent river channels and are 
with Low-water connected to rivers by distinct, permanently flooded channels. The water typically is brackish and the lakes 
Connection are subject to flooding every year. Because water levels have dropped, the lakes generally have broad flat 

shorelines with silty clay sediments. Salt-marsh vegetation is common along the shorelines. Deeper lakes in 
this class do not freeze to the bonom during winter. Sediments are fine-grained silt and clay with some sand. 
These lakes form important over-wintering habitat for fish. 

Tapped Lake Similar to lapped Lake with Low-water Connection except that the connecting channels are dry during low 
with Hi&-water water and the lakes are connected only dur in~  floodina events. Water tends to be fresh, Small deltaic fans 
~onnen ion  

. - 
are common near the connecting channel due to deposition during seasonal flooding. Thesc lakes form 
important fish habitat. 

Salt Marsh On the Beaufort Sea coast. arctic Salt Marshes generally occur in small, widely dispersed patches, most 
frequently on h r l y  stable mudflat. associated with river deltas. The surface is flooded irregularly by 
brackish or marine water during high tides, storm surges, and river flooding events. Salt Marshes typically 
include a complex assemblage of small brackish ponds, Halophytic Sedge Wet Meadow, Halophytic Willow 
Dwarf Shrub Tun&& and small barren patches. Dominant plant species usually include Corex subspolhacea, 
C. ursina, Puccinelllophryg~nodes, Duponriajisheri. P. ondeoonii, Sol& ovalijolio, Cochlearia offrcinal;~, 
SIelIaria hum&a, and Sedum msea. Salt Marsh is imponant habitat for brood-rearing and malting 
waterfowl. 

Tidal Flat Areas ofnearly flat, barren mud or sand that are periodically inundated by tidal waters. Tidal Flats occur on 
the seaward margins of deltaic estuaries, leeward poltions of bays and inlets, and at mouths of rivers. Tidal 
Flats Cequently are associated with lagoons and estuaries and may vary widely in actual salinity levels. Tidal 
Flats are considered separately from other barren habitats because of their imponan- to estuarine and marine 
invmebrates and shorebirds. 

Salt-killcJ Coastal areas h e r e  ,dw.atn mtrustons horn slurm surges hate klllrd much otthe ung:nal tennir!ol 
l undra vcgetariun and arc bang colon~zed b! call-tolerant plants C o l ~ n ~ z ~ n g  planrs include P~conel l~a dndenun~r. 

DuponlIafisheri. Brqapurpurascens, B. pilosu, CochleurIa oficImlis, Slellaria humrfusu. Cemslium 
beerinrimurn. and Salk ovalifolia. This hahitat micallv occurs either on low-lvine areas that orieinallv " ~ ~ ,~ '. , , - - ' 
supponcd Panemed Wet Mr'udoas and B u m  Wetland Complexes or. I:ss commonl), aong drlcr coasial 
blutts that uri~inallv supponed Moisi Sedec-Shrub Meadow and Upland Shrub Salt-kllled l'undra diiros 
from Salt ~Gheher & &g abundant litter born dead tundra vegctkun, a surface horizon of organic soil, 
and salt-tolerant colonizers. 

Deep Open 
Water without 
Islands 

Deep Open 
Water with 
Islands or 
Polygonized 
Margins 

Deep (2 1 .Sm) waterbodies range in size from small ponds in ice-wedge polygons to large open lakes. Mosr 
have resulted from thawing of ice-rich sediments, although some are associated with old river channels. They 
do not freeze to the bottom during winter and usually are not wnnected to rivers. Sediments are fine-gramed 
silt in centers with randy margins. Deep Open Waters without Islands are differentiated from those with 
islands because ofthe lack ofnest sites for waterbirds that prefer islands. 

Similar to above except that they have islands or complex shorelines formed by thermal erosion of l o w - m a r  
polygons. The complex shorelines and islands are imponant features of nesting habitat for many species of 
waterbirds. 
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Table 15. (Continued). 
Habitat Class Description 

Shallow Open Ponds and small lakes < 1.511 deep with emergent vegetation covering < 5% of the waterbody's surfnce. Due 
Water without to the shallow depth water I k c s  to the bottom during winter and thaws by early to mid-June. M a x i  
Islands 

Shallow Open 
Water nith 
Islands or 
Polygonized 
Margins 

River or Stream 

Aquatic Sedge 
Marsh 

Aquatic Sedge 
with Deep 
Polygons 

Aauatic Grass 

. . 
summer t e m p r a k s  are higher than those in deep &r. Sediments are loamy to sandy. 

Shallow lakes and ponds with islands or wmplex low-center polygon shorelines, otherwise similar to Shallow 
Open Water without Islands. Distinguished from Shallow Open Water without Islands because shoreline 
complexity appears to be an important feature of nesting habitat for many species oiwatrrbirds. 

All permanently flooded channels large enough to be mapped as separate units. Rivers generally experience 
peak flooding during spring breakup and lowest water levels during mid-summer. The distributaries of Judy 
Creek are slightly saline, whereas other streams are non-saline. 

Permanently flooded waterbodies dominated by Caruaquotilis. Typically, emergent sedges occur in water 
5 0.5m deep. Water and bottom sediments ofthis shallow habitat freeze completely during \\inter, but thc icc 
melts in early June. The sediments generally wnsist of a peat layer (2C-5Om deep) overlying loam or sand. 

A habitat associated with inactive and abandoned floodplains and deltas in which themkarst of ice-rich soil 
has produced deep (> SOm), permanently flooded polygon centers. Emergent vegetation, mostly Corer 
aguat~lis, usually is found around the marginsof the polygon centers. Occasionally, centers will have the 
emergent grass Arctophilafulvo. Polygon rims are moderately well drained and dominated by sedges and 
dwarfshrubs, including C& aquotilt~. E~iophomm ongusfifolium C bigelowii, Dryar integrifoia, Solir 
retinrlata, and S. ovalifolia. 

Ponds and lake mareins with the emereent crass Arcfo~hilo hJvo. Due to shallow water deoths (< Im). the - - . . . , .. 
~ k h  water h a s  to thebottom in the winter, and thaws by early June. Arclophilofvl~a stem densities and annual 

pmductivity can vary widely among sites. Sediments generally lack pat .  This type usually occurs as an early 
successional stage in recently drained lake basins and is more productive than Aquatic Sedge Marsh. This 
habitat tcnds to have abundant invertebrates and is imponant to many waterbirds. 

Young Basin Complex habitat found in recently drained lake basins and characterized by a mosaic ofopen water, Aquatic 
Wetland Sedge and Grass Marshes, Nonpaltemed Wet Meadows, and Moist Sedgeshrub Meadows in patches too 
Complex (Ice- small (< 0.5ha) to map individually. During spring breakup, bssins may be entirely inundated, though water 
poor) levels recede by early summer. Basins o k n  have distinct banks marking the location of old shorelines, but 

these boundaries may be indistinct duc to the coalescence of bnsins and the Dresence of several drained lake 
stages. Soils generally are loamy to sandy, moderately to richly organic, and ice-wr. Because there is linle 
semeesfed mound ice the surface form is n o d e m e d  ground or disjunct poly~ons and the mamins of 
Gerbodiedare indistinct and often interwnnicted. ~ciloeical coknunitks within vounp hasins anwar to - . - . . 
be much more productive than are those in older basins: this was the primary rationale for differentiating 
the= Rvo tlpes. 

Old Basin Similar to above but characterized by well-developed low- and high-centered polygons resulting h m  ice- 
Wetland wedge development and aggradation of x p g a t e d  ice. Complexes in basin margins generally include 
Complex (Ice- Aquatic Sedge Marsh, Patterned Wet Meadow, Moist Sedge-Shrub Meadows, and small ponds (< 0.25ha). 
rich) The waterbodies in old basins are concentrated in basin margins and tend to have smoother, more rectangular 

shoreline. and nre cot as interconnected as lhose in more teccnlly drained basins. The rcgetalion 1)ps in 
basin L-cnrcrs generally include Moie Sedge-Shrub .\leadow and Moin russork Iundra on high-centered 
wlveons andpatterned Wet Meadow. Aauatic Grass Marsh eenerallv is absent. Soils have a moderatelv . .- . - 
thick (2W50m) organic lqe r  a~rlying loam or sand. 

Riverine Permanently flooded streams and associated flood~lains characterized by a wmplex mosaic of water, Banens, 
Cornplcx Riberine 6 r a r f ~ h t u b .  Riverinr I uw and Tal shrub. Aquair Sedge ani G n u s  G m h ,  Nonpattcmed and 

Patemed Wet Meadow. and Moin Sedge-Shrub Meadow in palchcs loo small(< 0 5h3) tu ma? indtr [dually. 
Surface form varies h m  nonoattemed Lin t  bars and meadows to mixed hieh- and low-centered wlveons . .- 
i d  s&l slabilized dunes. SLI pond; tend to have smooth, rectangular iorelines resulting 6om the 
walcscing of low centered polygons. During spring flooding these areas may be entirely inundated, 
following breakup water levels gradually recede. 
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Table 15. (Continued). 
Habitat Class Description 

Dune wmplex Complex formed from the action of river flooding on inactive sand dunes, most commonly on point bars. A 
series of narrow swale and ridee features develop in oarallel with river flow that are too small to maD - . . 
scparacly Suales are moist or saturated ahnle dune r~dges are molst to d g  Hab~tat classe* in suales 
r)v~call, are Rlverinc laa Shmh, Nonpatrmed W n  Mcadou. or Fresh Scdgc Maah a.h~lc r ~ d g s  
c&only are Upland Dwarf Shrub or upland Low Shrub 

Nonpattemed Sedge-dominated meadows that occur within recently drained lake basins, as narrow margins of receding 
Wet Meadow waterbodier, or along edges of small s e a m  channels in areas that have not yet undergone extensive ice- 

wedee wlveonization. ~is iunct  oolveon rims and strane cover < 5% of themund  surface. The surface - . .u . . .- - - 
generally is flooded during early summer (depth < 30cm) and drains later, but water remains close to the 
surface throuehout the mowing season. The uninterrupted movement of water (and dissolved nutrients) in 
n o n p a t t e r n e d k d  results inmore robust growth of sedges than occurs in polygonized habitats. Usually 
dominated by Carex aquolilis and Eriophorum anguslifolium, although other sedges may be present. Near 
the mast, the grass Duponiiafisheri may be mmmon. Low and dwarfwillows (Salix lamia richardsonii. S. 
reticulalo, S. planifoliapulchro) occasionally are present. Soils generally have a moderately thick (1LL30m) 
organic horizon overlying loam or sand. 

Patterned Wet Lowland areas with low-centered wlveons or strane within drained lake basins. level floodolains. and flats . .- - . . 
Meadow and water tracks on terraces. Polygon centen are flooded in spring and water remains close to the surface 

throughout the growingseason. Polygon rims or srang interrupt surface and groundwater flow, so only 
interconnected oolveon trounhs receive downslooe flow and dissolved nutrients: in contrast. the inout of . .- 
water to polygon centers is limited to precipitation. As a result, vegetation growth typically is more robust in 
~olyxon troughs than in centers. Vexetation is dominated by sedges, usually Corex aqmrilis and Ertophorum . .- 
angusiifoliu~, although other sedggmay be present including ~yroiunda16, C. smaillts, C. membra&cea, 
C. chordorrhi:a, andE. russeolum. On polygon rims, willows (eg. Salu lanata richordsonii, S. reilmloia, 
S planifoliapulchro) and the dwarf shrubs Dryas inlegrrjolio and Cassiope ieiragono may be abundant along 
with other species typical of moist iundra. 

Moist Sedge- High-centered, low-relief polygons and mixed high- and low-centered polygons on gentle slopes of lowland, 
Shrub Meadow riverine. drained basin. and solifluction deoosits. Soils are saturated at intermediate de~ths  (> 1 5cm) but . . 

gencrdly are free oCsurface water durlnl summer Vegetat~on is dominated by Urym mirgrfolto, and < brrr 
bm~loutr. 0th- common >pec~cs lnclude C. rrquat~lir. 6rrcrphonrm angusrrfubum. Saiu reesulrrtu S lrmura 
richordsonii. and the moss ~ o m e n ~ u m  nilens. The active layer is re~atiiely shallow and the organic 
horizon is moderate (ILL20cm). 

Moist Tussock Gentle slopes and ridges of coastal deposits and terraces, pingos, and the uplifted centers of older drained 
Tundra lake basins. Vegetation is dominated by Nssock-fanning plants, most wmmonly Eriophorum vaginarum 

High-centered polygons of low or high relief are associated with this habitat. Sails are loamy to sandy, 
somewhat well-drained. acidic to circumneutral. with moderately thick (1LL30cm) organic horizons and . " 
shallu\v (< 4 0 m )  x t n e  layer depths. On actdlc s~tcs, a*soclaed spec~ti ~nrlude Ledum decumbens, tlerula 
m a .  .~oluplanrl;~hopulrhra. Casaow terragono, and I bcnntum v r i ~ ~ - ~ & r u .  On c l rcmeura l  sacs - .  
common species include Dryas iniegrrfolia. S-reticulala, Carex bigelowit, and lichens. Mosses are common 
at most sites. 

R i v e ~ e  Low Both open and closed stands of low (n 1.5 m) and tall (> 1.5 m) willows dona riverbanks. Tall willows occur - 
and Tall Shrub malnly on actlrr rivcrlnc depuslts dong lmgcf sueam and nbers. \\here thc vegctatlon IS domnalcd by open 

tc 75% cover) stands oiSalu aluensrs tjith a spmc understor, includ~ng .6'qutwrbm ammle. tientrow 
oronimuo. Chrvsanihemum bioinnoiunr. ~eshrco rubra. and~siersibiri&s. >oils are well-drained riverine . ~~~ ~ ~ 

sands with linle to no organic horizon, LOW willow stands, which can occur on active and inactive deposits, 
tyaically have an own to closed canooy of S lamia richrdsonii occasionally mixed with S. planifolio . . 
p;lchri. understoh plants include &ireium arvense. Ashaplus alpinus. ~re~anocladus sp. Arctagrosiis 
/atfolio, Peiasitesfrigidw, and Tomeniypnum nirens. Soils are interbedded layers of riverine sands, silts, and 
organics. 

Cpland Lou and Open to closed stands of luu (s 1 5 rnj and tall (> I 5 mj iv~llow olten iound on banks, duncs, w d  hlgh- 
Tdl Shrub centered polygons Upland I dl Shrub can be found an acthe ,and dunes and is dctincd bv the presence o l  

~al ixol&r~.  LOW shrub stands are found on short. steeo banks of basins and an inactiie sadd dunes~ . . ~~ ~ - ~~~~~ 

Sites are dominated by Salut glouca, with D~yos inlegrrfblia, Salix lanolo NcharrLFonii, Arcloslaphylos rubra, 
and mosses in the undentoly. Included in this class are sites dominated by low shrub birch, Belula nana. 
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Table 15. (Continued). 
Habitat Class Description 

Upland and b a r f  scrub tundra on upland ridges, stabilized sand dunes and river terraces dominated by Dryas inlegrlfolia 
RiveMe Dwarf or Cmiope  lelragona. Upland Dryas sites typically are dry and sandy with deep thaw depths (> Lorn), 
Shrub common associated species include Salix glauca, S. rerinrlala, Arcloslaphylos a l p i ~ .  Arctagroslis lafifolia, 

Thamnolia vermicularis. and Celraria cunrlala. R i v e ~ e  Dryos sites occur on well-drained, sandy river 
terraces. co-dominant s~ecies often include Eauisefum varieralum and Salir reliculala. with S. lanolo 
richordionii, ~ r c l os lo~hy los  rubra, Gxylropis'defexa, ~ome%y~num nrtens, and ndmnol io  vermiculoris as 
associated species. C m i o p e  fenagona is found on slightly moister sites such as banks ofthaw basins, 
riverbanks. &d s lo~es  of older. wdl-stabilized dunes. &I &mediate sites Drvas inleprifolio mav be co- ". 
dominant Species found in association with Cassiope include S. phlebophyla. Salix rerinrlala, Vaccinium 
viris-idaea, Carex bieelowii, Hterochloe o l p i ~ ,  and Arclornosfis lalilblia. Cryptozams present include 
mstose lichens. H&comium splendens, dicranum sp., ~ i m e n ~ n u h  nirens,~&tdRhylid~um rugosum All 
sites have a wide variety af forbs. 

Barrens Includes barren and partially vegetated (c 30% plant cover) areas related to riverine, eolian, or thaw basin 
(RiveMe, processes. Riverine Barrens on river flats and bars are underlain by moist sands and are flooded seasonally. 
Eolian, or Early colonizers are Deschampsia caespifosa. Poa har t i i .  Fesruca rubra. Salix olurensis, and Equ~serum 
Lacusmine) arvensv Eolian Barrens are active sand dunes that are t w  unstable to SuDDOrt more than a few pioneering . . - 

plans (< 5% coberl T)plcal apeclcs lncludc Salu o l ~ a e m t ~ .  1~'esruco rubm and Chgsanrhrmum 
htprnnarum I acusmne Llmcns occur w t h ~ n  rccenll) dra~ned lakes and ponds lhese areas ma) be Coodcd 
seasonallv or can be well drained. Twicd colonizers are forbs. eraminoids. and mosses includine Carex '. - - 
aqwltlts, hpont,ojirherr Eurptdrum rcorpto,des, and (b l l~ergon sp on wet si:es and Pod spp , I . ' ~ ~ i u c o  
mhra. Deschompsro cuespnoxu. SleNarta humrhu,  Xener,o congesrus. and .SU/LI: o w l ~ f i k a  on dner s~tcs 
Barrens mav receive intense use seasonallv bv &ibou as mosau$o-relief habitat 
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Table 16. Crosswalk of habitat classes, ecotypes, and vegetation classes used in integrated- terrain-unit 
mapping in the Northeastern Planning Area of the NPRA, 2002. 

Habitat Class 

Upland and Riverine Dwarf Shrub 

Upland Low and Tall Shrub 

Riverine Low and 'Tall Shrub 

Moist Sedgeshrub Meadow 

Moist Tussock Tundra 
Nonpatlerned Wet Meadow 

Pattenled Wet Meadow 

Aquatic Sedge Marsh 

Aquatic Sedge with Deep Polygons 

Aquatic Grass Marsh 

Old Basin Wetland Complex 
Young Basin Wetland Complex 
Barrens 

Riverine Complex 
Deep Open Water with Islands 
or Polygonlzsd Margins 

Deep Open Water vahtout Islands 

Shallow Opcn Water without Islands 

Shallow Open Water with Islands or Polygonized 
Margins 

Tapped Lake wtll High-water Connection 
Tapped Lake with Low-water Connection 
Salt-killed Tundra 
Salt Marsh 

Tidal Flat 
River or Stream 

Brackish Water (tidal ponds) 
Nearshore Water 
Dune Complex 

Ecotype 

Upland Dry Dryas Dwarf Shrub 
Upland Moist Cassiope Dwarf Shrub 
Rivetine Dry Dryas Dwarf Shrub 
Upland Dry Tall Willow Shmb 
Upland Moist Low Willow Shrub 
R i v e ~ e  Moist Tall W~llow Shrub 
Riverine Moist Low Willow Shrub 
Lowland Moist Low Willow Shrub 
Lacustrine Moist Low Willow Shmb 
Lacusmirre Moist Sedge-Shrub Meadow 
Lowland Moist Sedge-Shrub Meadow 
Riverine Moist Sedgeshrub Meadow 
Uplar~d Moist Tussock Meadow 
Lacustrine Wet Sedge Meadow 
Riverine Wet Sedge Meadow 
Lowland Wet Sedge Meadow 
Riverine Wet Sedge Meadow 
Lowland Sedge Marsh 
Lacustrine Sedge Marsh 
Riverine Sedge Marsh 
Lowlar~d Deep-polygon Complex 
Rjverine Deep-polygon Complex 
Lacustrine Grass Marsh 
Riverine Grass Marsh 
Lowland Basin Complex 
Lacustrine Basin Complex 
Riverine Moist Barrens 
Coastal Moist Barrens 
Lacustrine Moist Barrens 
Upland Dry Barrens 
Riverine Complex 
Lowland Lake 
Riverine Lake 
Lowland Lake 
hverine Lake 
Lowland Lake 
Riverine Lake 
Lowland Lake 
Riverine Lake 
Riverine Lake 
Coastal Lake 
Coastal Salt-killed Wet Meadow 
Coastal Wet Sedge Meadow 
Coastal Moist Willow Dwarf Shrub 
Coastal Moist Barrens 
Tidal River 
Lower Perennial River 
Headwater Stream 
Coastal Lake 
Nearshore Water 
Riverine Dune Complex 

Vegetation Type - Level IV 

Dryas M S h r u b  Tundra 
Cassiope Dwarf Shrub Tundra 
Dryas Dwarf Shrub Tundra 
Open Tall Willow Shrub 
Open Low Willow Sllrub 
Closed or Open Tall Willow Shrub 
Closed or Open 1.ow Willow Shrub 
Open Low Willow Shmb 
Open Low Willow Shrub 
Moist Sedge-Shrub Tundra 
Moist Sedge-Shmb Tundra 
Moist Sedge-Shrub Tundra 
Tussock Tundra 
Wet Sedge Meadow Tundra 
Wet Sedge Meadow Tundra 
Wet Sedge Meadow Tundra 
Wet Sedge Meadow Tundra 
Fresh Sedge Marsh 
Fresh Sedge Marsh 
Fresh Sedge Marsh 
Deep Polygon Complex 
Deep Polygon Complex 
Fresh Grass Marsh 
Fresh Grass Marsh 
Old Basin Wetland Complex 
Young Basin Wetland Complex 
Barren or Partially Vegetated 
Barren or Partially Vegetated 
Barren or Partially Vegetated 
Barren or Partially Vegetated 
Riverine Complex 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Salt-killed Wet Meadow 
Halophytic Sedge Wet Meadow 
Halophytic Willow Dwarf Shrub Tun& 
Barren or Partially Vegetated 
Water 
Water 
Water 
Water 
Water 
Dune Complex 
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Results and Discussion 

that are most used by the most species (Pararnetrix 
1997). 

FLOOD FREQUENCY 
We developed a simple spatial model of the 

distribution of six flooding regimes within the 
Northeastern Planning Area, based on previous 
analyses of flooding frequency in the ColvilIe 
Delta (Jorgenson et al. 1997). The earlier analyses 
incorporated data on the relative heights of 
geomorphic units, the amount of flooding observed 
for each during 1992-1 996, and sedimentation 
rates to model the distribution of flooding 
frequency. The same relationships among factors 
were used to assign approximate flooding 
frequencies to geomorphic units within the 
Northeastern Planning Area (Figure 28). 

The High Flood-Frequency class included 
Delta Active Channel Deposit, Active Channel 
Deposit, Meander Fine Inactive Channel Deposit, 
Delta Ice-poor Thaw Basin, Active Tidal Flat, 
Inactive Tidal Flat, Rivers, and connected and 
tapped Riverine Lakes. On the channel deposits, 
flooding is suff~ciently frequent that vegetation 
cannot develop (except pioneer vegetation aIong 
margins) and organic matter does not accumulate. 
This class was assigned a flood frequency of every 
1-2 yr because, on the Colville Delta, most of the 
geomorphic units in this class were flooded every 
year from 1992-1996. 

The Moderate Flood-Frequency class 
included Meander Active Overbank Deposits, 
Delta Active Overbank Deposits, and Lowland 
Headwater Floodplains. Indications of frequent 
flooding in these geomorphic units include 
extensive development of riverine shrub 
communities that depend on the input of nutrients 
from sediment deposition, lack of organic matter 
accumulation, and abundant driftwood. This class 
was assigned a flood frequency of every 3-4 yr 
because these geomorphic units were partially 
flooded by intermediate flood levels on the 
Colville Delta in 1993 (1 of 5 years of 
observation). 

T'he Low Flood-Frequency class included 
Meander Inactive Overbank Deposits, Delta 
Inactive Overbank Deposits, and Isolated (shallow 
and deep) Riverine Lakes. The terrestrial deposits 
have well-established vegetation and some 
accumulation of peat, indicating that flood 

frequency is substantially lower than in the 
Moderate Flood-Frequency class. However, 
surface soils still show distinct interbedding of peat 
and mineral horizons resulting from periodic 
flooding. This class was assigned a flood 
frequency of every 5-25 yr because of 
observations on the Colville Delta, where most of 
these geomorphic units were not flooded during 
1992-1995, but were flooded in 1989 and 2000. 
Obviously, substantial uncertainty remains about 
the end of the estimated range of flood frequency, 
because we have no observations of high flood 
stages in this area. 

The Very Low Flood-Frequency class 
includes Meander Abandoned Overbank Deposits 
and Delta Abandoned Overbank Deposits. The 
absence of fluvial sediment near the surface, and 
the lack of driftwood on these deposits, jndicate 
that flooding is rare. This class was assigned a 
flood frequency of every 26-200 yr. The flood 
frequency of this class is substantially uncertain, 
however, because of the lack of long-term 
observations. 

Basin Impoundments are seasonally flooded 
low-lying areas in lake basins. While they are not 
affected by river flooding, they can accumulate 
5-30 cm of standing water during snowmelt. Thus, 
they are of concern for construction of facilities 
because of potential cross-drainage problems. 

Lakes (permanently flooded) are non-riverine 
waterbodies that retain water permanently. While 
they are not affected by river flooding, the water 
levels can fluctuate from snowmelt and subsequent 
evaporation. These lakes are of concern for 
facilities because of the permanent standing water 
and cross-drainage problems. 

The Non-Flooded class includes Eolian 
Active Sand Deposit, Eolian Inactive Sand 
Deposit, Old Alluvial Terrace, and 
Alluvia!-Marine Deposit. We do not consider 
these units to be affected by flooding under the 
current flooding regime. 

The delineation of areas with different 
flooding regimes through this silnplified modeling 
approach can help with initial siting of facilities to 
avoid areas prone to flooding, thus minimizing the 
obstruction of flood water and avoiding 
cross-drainage problems. While there is 
substantial uncertainty regarding the actual return 
periods for the various flooding regimes, the model 
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Reszrlts and Discussion 

provides general categories of flooding regimes 
based on paleo-flood indicators. Design of bridges 
and cross-drainage structures, however, would 
require more intensive hydrologic analyses. 

OIL SPILL SENSITIVITY 
The spatial model of the sensitivity of 

ecosystems to damage from oil spills and 
associated cleanup activities was based on relative 
water depth, cover of evergreen shrubs, and 
microrelief (Figure 29, Table 17). Water depth is 
important because water affects infiltration of oil 
into the soil and removal of oil with fluid-based 
methods. High cover of evergreen shrubs can 
increase sensitivity, because they are slow growing 
and sensitive to hydrocarbons. Microrelief is 
important to oil spill operations because flat, 
nonpatterned areas are much easier to flush and 
clean than are sites with high and complex 
microrelief. 

The model indicates that the ecotypes most 
sensitive to oiling are Upland Moist Low Willow 
Shrub, Upland Dry Dryas Dwarf Shrub, Upland 
Moist Cassiope Dwarf Shrub, Upland Moist 
Tussock Meadow, and Riverine Dry Dryas Dwarf 
Shrub. The ecotypes generally have well-drained 
soil, deep active layers that make the soils highly 
susceptible to oil infiltration, and abundant 
evergreen shrubs that are easily damaged by oil. 
Vegetated ecotypes that are least sensitive include 
Upland Dry Barrens, Lowland Wet Sedge Meadow, 
Lacustrine Wet Sedge Meadow, Riverine Wet 
Sedge Meadow, and Lowland Sedge Marsh. These 
wet ecotypes have water near the surface that 
reduces oil infiltration and have vegetation 
dominated by sedges that are relatively insensitive 
to oiling. Upland Dry Barrens is only partially 
vegetated by pioneering plants, so damage to 
plants is minimal. Aquatic ecotypes were assigned 
the lowest sensitivity because oil has little effect on 
the rooting zone of emergent vegetation (when 
present) and oil is relatively easy to remove. This 
model does not consider the poter~tial effects of oil 
spills on fish and aquatic invertebrates, which also 
can be of concern. 

These sensitivity rankings based on soil and 
vegetation characteristics are consistent with the 
case histories developed from numerous oil spills 
and experiments in northern Alaska. Sites 
dominated by wet soils and graminoid vegetation 

tend to have relatively low initial damage and high 
recovery rates (Cater and Jorgenson 1999). Little 
information is available on response to oil spills in 
better-drained ecotypes with more evergreen 
shrubs, because spilled oil tends to flow into lower, 
wetter areas. Experimental treatments by Walker 
et al. (1978) indicated that Dryas Tundra showed 
much more initial damage than Wet Sedge 
Meadow Tundra. 

WlNTER TRAFFIC SENSITIVITY 
We developed a spatial model of the 

sensitivity of ecosystems to damage from winter 
vehicle traffic, based on relative water depth, cover 
of evergreen shrubs, total vegetation cover, 
microrelief, and macrorelief (Figure 30, Table 17). 
Water depth is important because water affects the 
ice-bonding of frozen soils; higher ice content can 
help protect the soil surface fiom scuffing. 
Evergreen shrubs are important because they are 
slow-growing and brittle at low temperatures. Total 
vegetation cover is important because it is a 
measure of how much biomass can be damaged. 
Both microrelief and macrorelief are important 
primarily because of their relationships to snow 
depth, as snow protects the ground surface from 
damage. At both the micro- and macro- scales, 
snow generally is thinner on higher areas and 
deeper in lower areas. 

The model indicates that the ecotypes most 
sensitive to winter traffic are Upland Moist Tall 
Willow Shrub, Upland Dry Dryas Dwarf Shrub, 
Upland Moist Cassiope Dwarf Shrub, and Riverine 
Dry Dryas Dwarf Shrub. These ecotypes generally 
occur on windswept ridges where little snow 
accumulates and have well-drained soils with deep 
active layers that are poorly bonded when frozen. 
The vegetation includes abundant evergreen 
shrubs, which are susceptible to damage by 
vehicles. Among vegetated ecotypes, those least 
sensitive to winter traffic include Upland Dry 
Barrens, Lowland Wet Sedge Meadow, Lacustrine 
Wet Sedge Meadow, Riverine Wet Sedge Meadow, 
and Lowland Sedge Marsh. 'These ecotypes have 
water above or just below the surface, which 
greatly limits the depth of surface abrasion, and 
their vegetation dominated by sedges that recover 
rapidly from damage. Aquatic ecotypes (with or 
without emergent vegetation) were assigned the 
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Figure 29. Map ofnzneralized sensitivity of ecowpes to potential oilspills (including both initial oiling and cleanup) in the 2001 study area within 
the Northeastern Planning Area of the NPRA, 2002. 
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Table 17. Factors used in characterizing the sensitivity of ecotypes to oil spills and winter off-road 
travel in the Northeastern Planning Area of the NPRA, 2002. -- - - 

. . 
Upland Dry Tall Willow Shrub 3 1 2 2 3 5 2 3 
Upland Moist Low Willow Shrub 
Upland Dry Dryas Dwarf Shrub 
Upland Moist Cassiope Dwarf Shrub 
Upland Moist Tussock Meadow 
Upland Dry Barrens 
Lowland Mo~st  Low Willow Shrub 
Lowland Moist SedgeShmb Meadow 
Lowland Wet Sedge Meadow 
1.owland Sedge Marsh 
Lowland Lake 
Lowland Basin Complex 
Lowland Deep-polygon Complex 
Lacustrine Moist Low Willow Shrub 
Lacustrine Moist Sedg+Shrub 
Lacustrine Wet Sedge Meadow 
Lacustrine Sedge Marsh 
Lacustrine Grass Marsh 
Lacustrine Moist Barrer~s 
Lacustrine Basin Complex 
Riverine Moist Tall Willow Shrub 
Riverine Moist Low Willow Shrub 
Riverine Dry Dryas Dwarf Shrub 
Riverine Moist Sedge-Shrub Meadow 
fiverine Wet Sedge Meadow 
Riverine Sedge Marsh 
Riverine Grass Marsh 
Riverine Lake 
Riverine Moist Barrens 
Riverine Complex 
Riverine Dune Complex 
Riverine Dcep-polygon Complex 
Coastal Moist Willow Dwarf Shrub 
Coastal Wet Sedge Meadow 
Coastal Salt-killed Wet Meadow 
Coasial Lake 
Coastal Moist Rarrer~s 
Nearshore Water 
Tidal River 
Lower Perennial River 
Headwater Stream 

Variable Ranking. Water Depth: 0 = water >0 cm, 1 = 0 to - lOcm, 2 = -1 0 lo -30cm, 3 = water below -30cm. 
Evergreen Shrub: 0 - <I % cover, 1 = I to lo%, 2 = 10 to 30%, 3 = >30%. Total Live Vegetation: 0 = i 1% cover, 1 
= 11, to50%,2=51 to 100%,3=>100%. Microrelief:O=Oto locm,  I = 11 t o 3 0 m , 2  = 3 l  toSOcm,3=>50 
cnl. Macrorelief 0 = basins or drainages, 1 = flats, 2 =lower slopes, 3 = upper slopes, ridges. Organic Thickness: 0 
=Ocm,1=~20cm,2=~5to20cm,3=lto5cm. 
Oil spill sensitivity based on average rank of water depth, evergreen shrub cover, total live cover, and microrelief. 

' Winte~ traffic sensitivity based average rank of all six factors. 
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Summary and Conclusion 

lowest sensitivity, as the frozen water at the surface 
is not susceptible to damage. 

The results of this modeling approach are 
consistent with observations of damage associated 
with winter seismic exploration programs (Emers 
et al. 1995, Emers and Jorgenson 1997, Jorgenson 
et al. 2002a) and Rolligon trails (Jorgenson et al. 
2002b). In wet ecotypes dominated by sedges, 
initial damage levels generally are low and 
recovery usually occurs within a few years. In 
Upland Moist Tussock Meadow, initial damage 
levels are typically intermediate, and recovery 
requires 5-10 years. The highest levels of initial 
damage and the slowest recovery rates tend to 
occur in drier ecotypes dominated by Dryas. 

An important factor not incorporated in this 
model, however, is ice volume in the underlying 
permafrost. Soil ice volume can strongly affect the 
long-term responses of ecotypes to disturbance 
because severe disturbances on ice-rich soils can 
initiate thermokarst. Modeling of long-term 
responses, however, is complicated by the level of 
initial disturbance, rate of recovery, and 
thaw-settlement properties of the soil (Lawson 
1986). With the type of information we currently 
have, development of a model incorporating such 
complexities is impractical. Thus the model 
focuses on the sensitivity to initial disturbance and 
is less applicable to long-term recovery. 

SUMMARY AND CONCLUSION 

This report presents the results of an 
ecological land survey that inventoried, classified, 
mapped, and evaluated the ecological 
characteristics of a portion of the northeastern 
National Petroleum ReserveAlaska (NPRA) that 
is being considered for oil development. By 
analyzing the dynamic physical processes 
associated with the coastal, riverine, and coastal 
plain environments, and the abundance and 
distribution of its diverse ecological resources, this 
study contributed to efforts to mitigate potential 
ecological impacts of oil development in the 
NPRA. 

Field surveys during August 2001 and 2002 
collected information on the geomorphic, 
topographic, hydrologic, pedologic, and vegetative 
characteristics of ecosystems across the entire 
range of environmental gradients in the 69,582 ha 

(171,867 acre) study area. Data collected at 285 
plots were used to analyze relationships among the 
various ecological components. 

Individual ecological components (e.g., 
geomorphic unit, vegetation type) were determined 
using standard classification schemes for Alaska 
but modified when necessary to differentiate 
unique characteristics in the study area. The 
hierarchical relationships among ecological 
components were used to derive a set of ecotypes 
(local-scale ecosystems) that best partition the 
variation in ecological characteristics across the 
entire range of aquatic and terrestrial 
environments. 

Mapping was done at both local (1:10,000) 
and landscape (1:250,000) scales. At the local 
scale, mapping used an integrated terrain unit 
(ITU) approach that incorporated geomorphic units 
(surficial geology and waterbodies), surface forms 
(related to permafrost processes), and vegetation 
(Alaska Vegetation Classification Level IV). A 
total of 25 terrestrial geomorphic units, 19 aquatic 
geomorphic units (waterbodies), 24 surface forms, 
and 22 vegetation classes were identified for . -. 
mapping and combined into 325 ITUs. These -..- 
ITUs were combined into a reduced set of 42 
ecotypes based on associations between 
geomorphic, surface form, and vegetative 
characteristics identified in the analysis of the field 
survey data. At the landscape level (1:250,000 
scale), the study area and surrounding coastal plain 
were divided into 8 ecodistricts (e.g, western 
Beaufort Coastal Plain, Central Beaufort Sea 
Coast) and 26 ecosubdistricts (e.g., Ikpikpuk 
Upper Coastal Plain, Fish Creek Coast) 
representing physiographic regions with a 
repeating assemblage of geomorphic units and 
vegetation. 

Large differences were found between coastal 
plain, riverine, and coastal physiographic regions. 
The most common ecosystems on the coastal plain 
included Upland Moist Tussock Meadows (27.4% 
of area), Lowland Moist Sedgeshrub Meadows 
(19.5%), Lowland Lakes (deep and shallow 
combined, 11.4%), Lowland Wet Sedge Meadows 
(9.4%), Lowland Basin Complex (8.8%), and 
Lacustrine Wet Sedge Meadows (1.4%). 
Floodplains were dominated by Riverine Lakes 
(3.7%), Riverine Wet Sedge Meadows (3.6%), 
Riverine Moist Sedge-Shrub Meadows (2.8%), 

101 NPRA Ecological Landsurvey, 2002 



Summary and Conclusion 

Riverine Dune Complex (1.1%), and Riverine 
Moist Low Willow Shrub (0.9%), and Lower 
Perennial River (0.8%). Coastal areas were 
dominated by Coastal Moist Barrens (1.4%), 
Coastal Wet Sedge Meadows (0.5%), Nearshore 
Water (0.5%), and Coastal Lakes (0.4%). Overall 
map accuracy was 79% for the 41 ecotypes. 

Multiple environmental factors contributed to 
the distribution of ecotypes and their associated 
plant species. Strong gradients were found for six 
physical and chemical characteristics examined 
(surface organic-horizon thickness, cumulative 
organic-horizon thickness, thaw depth, water 
depth, pH, and electrical conductivity), although 
the first four characteristics were highly correlated. 
Deeper thaw depths generally were associated with 
sandy soils found in early successional ecosystems 
(e.g., Riverine Moist Tall Willow Shrub, Riverine 
Moist Barrens) and well-drained soils on dunes and 
streambanks (Upland Dry Dryas Dwarf Shrub). 
Deeper thaw depth lowers groundwater levels, 
improves soil aeration, and provides a larger 
rooting environment for acquisition of nutrients by 
plants. Shrubs were usually abundant in these 
environments. Thicker organic accumulations 
typically were found in flat and low-lying areas 
that had wetter soils with shallower thaw depths 
(e.g., Riverine Wet Sedge Meadow, Lowland Wet 
Sedge Meadow), which typically have a greater 
percentage of graminoids. Many plant species and 
ecosystems, however, show broad ecological 
tolerances to these environmental characteristics, 
making the accurate classification and mapping of 
ecosystems more difficult. 

On the coastal plain, lacustrine processes, 
basin drainage, and ice aggradation are the primary 
geomorphic processes that modify the landscape. 
Lowland Lakes form from a variety of processes 
including impoundment of water in low-lying 
basins, thermokarst of ice-rich sediments in old 
drained basins, and reconfiguration of small, 
shallow waterbodies by ice-aggradation and 
organic matter accumulation in the margins of old 
basins. Breaching and drainage of large deep lakes 
creates Lacustrine Moist Barrens depending on 
how much of the basin is drained. Lacustrine Wet 
Sedge and Moist SedgeShrub Meadows develop 
on the newly exposed areas and usually are 
dominated by Carex aquatilis, Eriophorum 
angurtifoliwn, Salix avalifolia, and Dryas 

integrfolia, depending on drainage conditions. 
Lowland Wet Sedge Meadows evolve from 
Lacustrine Wet Sedge Meadows in the basins after 
ice aggradation causes development of polygonal 
rims and raises the ground surface. The higher Old 
Alluvial Terrace, Alluvial-Marine Deposit, and 
Eolian Inactive Sand Deposit that surround the 
basins were stabilized during the early Holocene 
and have been modified only slightly by slope 
processes, organic accumulation, ice aggradation, 
and minor thennokarst. These older surfaces are 
dominated by Upland Moist Tussock Meadows on 
moderately well-drained upper slopes and Lowland 
Moist SedgeShrub Meadow on somewhat poorly 
drained lower slopes. Upland Dry Dryas Dwarf 
Shrub, while rare, occurs on dry, windswept ridges. 
The abundant ice wedges in these deposits are 
highly susceptible to thennokarst, forming areas of 
thermokarst pits and high-centered polygons, but 
the ice volumes are not sacient to initiate 
thermokarst lakes. 

In riverine areas along Fish and Judy creeks, 
fluvial processes predominate, although eolian and 
ice-aggradation processes also contribute to 
ecological development. Riverine Moist Barrens 
occur along the margins of active channels and 
along the fringe of the delta, are subject to frequent 
flooding and sedimentation and have scattered 
colonizers such as Deschampsia caespitosa, 
Chrysanthemum bipinnatum, and Salix almensis. 
Riverine Sedge Marshes and Riverine Grass 
Marshes occur in high-water channels and small 
ponds created by channel meandering and 
frequently are colonized by Arctophila filva and 
Carex aquatilis. Riverine Moist Tall Willow Shrub 
occurs as narrow strips slightly higher on the 
floodplain, is subject to less flooding and 
sedimentation, has well-drained soils, and is 
dominated by Salix almensis, Chrysanthemum 
bipinnatum. Brornus pwnpellianur, Equisetum 
arvense, and legumes. Riverine Moist Low 
Willow Shrub slowly replaces the tall willows as 
soils become seasonally saturated and Salix lanata 
richardsonii, S. reticulata, and Equisetum 
variegatum become dominant. Riverine Wet 
Sedge Meadows, which occur on still higher, 
inactive floodplains, are characterized by saturated 
soils with interbedded mineral and organic 
sediments resulting from occasional sedimentation 
and are dominated by Carex aquatilis, Eriophorum 
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angustifolium, and S. lanata richardsonii. 
Lowland Wet Sedge Meadows occur on abandoned 
floodplains that represent the oldest portions of the 
landscape. This ecosystem type has saturated soils 
underlain by extremely ice-rich permafrost that has 
contributed to raising of the floodplain surface and 
is dominated by plants similar to those on Riverine 
Wet Sedge Meadows, but includes more Dryas 
integrifolia and other dwarf shrubs. At this stage, 
ice contents are sufficiently high that permafrost 
becomes susceptible to thermokarst and 
subsequent development of deep Riverine Lakes. 
Finally, eolian sand is frequently deposited in large 
dunes downwind of large, barren sandbars 
contributing to the development of Upland Dry 
Barrens, Upland Dry Tall Willow Shrub, Upland 
Moist Low Willow Shrub, and Upland Dry Dryas 
Dwarf Shrub. 

Knowledge of the patterns and processes of 
ecological development on the landscape form the 
basis for evaluating the capabilities of the land to 
support wildlife and for evaluating the potential 
impacts of land management activities. 
Accordingly, the ITU map and simplified 
conceptual model rules were used to derive 
wildlife habitats, predict flood distribution and 
frequency, and differentiate the sensitivity of 
ecosystems to oil spills and winter off-road traffic. 
For wildlife analyses, the ITUs were combined into 
27 habitat classes that emphasized habitat 
characteristics important to waterbirds. The terrain 
unit map and limited flooding information were 
used to develop a map of flood distribution regimes 
associated with both river flooding and 
impoundment of snowmelt. The sensitivity of the 
terrain to oil spills and winter traff~c was based on 
the water depths, evergreen shrub cover, total 
vegetation cover, organic horizon thickness, 
microrelief, and slope position associated with the 
various ecotypes. 

Overall, there are three main benefits from 
this ecological land survey approach. First, it 
analyzes landscapes as ecological systems with 
functionally related parts and recognizes the 
importance that geomorphic and hydrologic 
processes have on disturbance regimes, the flow of 
energy and material, and ecological development. 
The hierarchical approach, which incorporates 
numerous ecological components into ecotypes 
with co-varying properties, allows users to 

partition the variability of a wide range of 
ecological characteristics. Second, the mapping of 
ITUs based on these relationships provides a 
spatial database structure that preserves the 
diversity of environmental characteristics across 
the landscape. Third, this linkage of ecological 
characteristics within a spatial database improves 
our ability to predict the response of ecosystems to 
human impacts and facilitates the production of 
thematic maps for specialized engineering and 
environmental applications and analyses. Some of 
the diverse uses of the ITU map included 
development of wildlife habitat maps emphasizing 
characteristics important to waterbirds, analysis of 
fish use, analysis of flooding regimes, and 
sensitivity of ecosystems to oil spills and winter 
traffic. Together, this systematic approach to 
analyzing and aggregating ecological 
characteristics facilitates our efforts to understand 
and manage complicated ecological systems. 
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2 Appendix Table 1. Comparison of hierarchical systems for differentiating ecosystems at various scales. L 

f Ecological Units Scale % 
k' Bailey % o 

$ (1997), Delcourt and Canadian Klijn and 2 
%. Forman Delcourt ECOMAP (Wiken Udo de Haes Typical Map Typical Areal 
5 (1997) (1988) (1993) 1981) (1994) Scale Extent Differentiating Characteristics Used h This Study 
b Region Continent Domain Ecozone 1: 20,000,000 10" m' Continents with related climate. i (Forman) 1,000,000 kmz 
2 Or Ecoregion Division Ecopmvince 1: 10,000,000 10" m' Climatic subzones with bmad vegetation regions. 
3 (Bailey) 100,000 km' 
Y 
pu (mam-scale) Macroregion Province Ecoregian Ecoregian l:5,000,000 10" m2 Climate, a geographic group of landscape mosaics (e.g., 
0 
D 10,000 km2 Interior Highlands). 
b.J 

Landscape Mesoregion Section Ecodistrict Ecodishict I: 1,000,000 10' d Major landforms or Physiographic units within a climatic 
(Forman) or 1,000 km2 region (e.g. Delta Highlands). 
Landscape 100,000 ha 

Mosaic Microregion Subsection (Eco- 1 :250,000 10' m' Physiographic units at larger scale based on associations 
(Bailey) subdistricts 100 km' of geomorphic units (e.g., grouping of weathered bedrock 

(meso-scale) by ABR) 10,000 ha on crests, residual sail on upper slopes, reinnsported 
lowland depsits at toe of slopes, and headwater streams - - in drainages). 

0 
Landtype Emsection Ecosection 1:100,000 10' m2 Geomorphic units with homogeneous lithology, mode of 

Association 10 km2 deposition, depth, texture, and water properties. 
loo ha Similar concepts include soil catena, topsequence, and 

soil association (e.g., bedrock or floodplain cover 
deposit). 

Local Eco- Macrosite Landtype Emsite Ecoseries 1: 25,0W50,000 LO'-lo6 A subdivision o f a  geomorphic unit that has a uniform 
system lkm2 topclimate based on elevation, aspect, slope position, 

( F o m )  or LO - 100 ha and sail drainage. Similar concepts include soil series, 
Site (Bailey) homogeneous abiotic site conditions, climax vegetation, 
(micro-scale) assemblages of vegetation types on soil series (e.g., Ester 

soil series on norih slopes of bedmck sails). 

Mesosite Landtype Ecaelement Ecotype 1: 5,000-25,000 lo2-lo4 Vegetation type or successional stage (e.g., Balsam 
Phase (Ecompe) 0.1-10 ha poplar on floodplain cover deposit). 

Microsite Site Ecoelement 1: 1000- 5,000 0 - 0 Uniform micmsites within stand 
<0.1 ha (e.g., polygon rim vs. center). 
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)endix Table 3. 

C5.1 N U  - 4 ,  
C5.2 U nd 
C5.3 U nd 
C5.4 N U  -38 
C8.1 Naa -16 
C6.2 NIs -2 
C63  Nrp 2 
C5.8 N u  -24 
C7.1 U 4 0  
C7.3 N u  -5 
C5.1 NY m 
c5.2 NrD l o  
C9.1 N u  M 
C9.2 NS. -2 
Ed1 N u  nd 
G I 0 1  TI -12 
GI02 TI -25 
01.03 TI -35 
01.01 TI -25 
~ 1 . ~ 5  n -20 
O1.W TI 4 2  
G1.07 Ti 12 

01.08 N q  9 
05.01 Np 75 
GS.02 N.a .M 
05.01 N U  (I 

G5.M Nsa 1 
05.05 U JO 
05.W Nsp 12 
05.07 N u  -30 
05.08 N u  -22 
G5.09 NU -20 
05.10 U 4 9  
G 6 l 2  NU -32 
06.13 U -50 
GB.11 U -50 
06.01 U - 4 5 0  
06.02 N U  -28 
G6.03 Nm -T I  
05.04 U .t50 
06.05 U -75 
06.06 Np LO 
GB.07 Np 10 
06.05 Nap < *  
-09 Np 47 
TI04 N u  0 
71.02 NYI - I7  
T I03  N u  0 
Tl03b N U  -15 
T4.W U -50 
Tl.Mb N w  4 
T1.05 N u  0 
11.06 Np 1W 
T10.01 Np 45 
T10.02 U -50 
T10.03 Naa -29 
110.04 N U  -19 

Data file listing of environmental characteristics of ground reference plots in the 
Northeastern Planning Area of the NPRA, 2002. 
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6.9 1740 Cimumnsutral 
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7.1 ?YO0 Saline 
6.9 12600 =llm 
"d "d nd 

5.8 30 cimumneut,a, 
5.5 50 A d .  

7.8 370 NLallna 
7.5 180 Alkaline 
7.4 410 CilCYmrmvtral 

8 120 Alkali". 
8.2 70 M U n e  

8 120 NLahns 
6.4 50 N R l n e  

8 110 Nhaline 
6.9 580 Cmumnautrsl 
5.9 150 C<rcvmnsvfral 
6.2 220 Clrcumnevtral 
5.4 400 Clrcvmnvtni 
5.5 I50 CirwmrmuYal 
6.2 100 Cimumnshl  
5.4 170 Cirrumneuml 
6.5 220 Cirrumnaulral 
6.8 800 ClrcvmnevVal 
6.9 l O Y l  Cimumneutral 
5.9 110 Circvmnsvfml 
7.7 620 Alkaline 
6.5 40 Ciaumneutnl 
5.6 70 Ciavmneufml 
8.2 180 Alha1ina 
7.5 330 Alkalrne 
"d 160 M 

8.7 50 Alblins 
5 150 IULsYne 

8.1 510 Mulne  
8.1 320 Nkaln. 

8 140 Alhsllns 
7.9 I50 Alhalmn 
5.8 140 Ciisumnsulral 

5 80RCldVl 
5.3 150 Acidis 
6.1 120 Circvmnevfrai 

5 10 Acidic 
5.7 180 C r r u r n n ~ d d  
5.5 220 C8rsvmnewal 
nd nd rn 

5.8 80 ClrmmnMDal 
5 10 *cldic 

5.3 80 Acdic 
5.3 80 Asaic 
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Appendix Table 3. (Continued). 

. . 
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Appendix Table 4. System for aggregating geomorphic, surface form and vegetation classes into 
ecotypes (local-scale ecosystems) and wildlife habitats in the Northeastern Planning 
Area of the NPRA, 2002. 

ECOTYPE HABITAT CLASS ITU CODE 

Upland Dry Tall Willow Shrub Upland Low and Tall Shrub EsaiEWStow EsaiEslStow 

Upland Moist Low Willow Shrub Upland Low and Tall S h b  EsilEWSlow LtimiSblSlow 
EsilEdSlow LtiplPhhiSlaw 
EsilSbISlow MpISblSlow 
LtidSbISlaw 

Upland Dry Dryas Dwarf Shrub Upland and Riverhe b a r f  Shrub EsilWSddt LtimmhliSddt 
EsilEsISddt LtipPhlISddt 
EsiiPhhISddt MpNSddt 
EsiiPhVSddt MpmhVSddt 
FtomhVSddt 

Upland Moist Cassiope Dwarf Upland and Riverine Dwarf Shrub EsiJEdSdec LtidSbISdec 
Shrub EsiPhl/Sdec LtimiSblSdec 

EsiISblSdec MplSblSdec 
FtoISblSdec 

Upland Moist Tussock Meadow Moist Tussock Tundra EsiPhhiHgmt LticlFwHgmt 
EsiPhlMgmt LticTTnVHgmt 
EsiiTmlHgmt L t i f l W g m t  
FdobiTMgmt Ltim/Phl/Hgmt 
FmobiPhhlHgmt LtimiTdHgmt 
FmobiPhVHgmt LtipiPhhHgmt 
FmobiTmlHgmt LtipIPhllHgmt 
FtomhhMgmt LtipKmlHgmt 
FtoPhlMgmt MpIPhblHgmt 
FtoiTmiHgmt MpiPhl/Hgmt 
LtidPhhIHgmt Mp/Tm/Hgmt 
LtidPblRIgmt 
EsaiEk/Bpv EsilSbiBpv 
EsdEdBpv 

EsiiPhVSlow LtidPmlSlow 
FmobiPhhlSlaw LtidPWSlow 
FmobiPhVSlow LtimmmiSlow 
Fto/Dt/Slow MplDWSlow 
FtoIPhlISlow Mp/Phh/Slow 
LtidPhhlSlaw MpiPbllSlow 
LtidPWSlow MpIPmiSlow 

CdMglHgmss FtoiTmlHgmss 
CsmhlMgmss LtidDtMgmss 
EsiIEdHgmss LtidPhhMgmss 
EsiPhhIHgmss LticPhVHgmss 
EsiPhlMgmss LtidPm/Hgmss 
Esi'F'mlHgmss LtidTmlHgmss 
EsiAnVHgmss LtimiDVHgmss 
FdobiPnVHgmss LtimIPhhlHgmss 
FdobiTnVHgmss Ltim/Phl/Hgmss 
FmobiPhivHgmss LtimlPlIlMgmss 
FmobiPhl/Hgmss LtimlT'm/Hgmss 

Upland Dry Barrens Barrens (Riverine, Eolian, or 
Lacustrine) 

Lowland Moist Low Willow Shrub Moist Sedge-Shrub Meadow 

Lowland Moist Sedge-Shb Moist S e d g e S h b  Meadow 
Meadow 
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Appendix Table 4. (Continued). 

ECOTYPE HABITAT CLASS ITU CODE 

Lowland Wet Sedge Meadow Nonpattemed Wet Meadow 

Panemed Wet Meadow 

Lowland Sedge Marsh 

Lowland Lakc 

FmobPlhhMgmss 
FmbPm/Hgrnsr 
Frnob/Tm/Hgmss 
Fto/Dt/Hgmss 
FtaPhhMgmss 
FtoPhlKgmss 
FtoPm/Hgmss 

EsilT'dmgwst 
LtiJNMgwst 
L t i c P d I H ~ t  
E s r n g w s t  
EsiPlllkIgwst 
FdobPlMgwst  
FdobPlWHgwst 
Fdob/F'UliHgwst 
F m o b P W g w s t  
FrnobPllMHgwst 
FrnoblPllliHgwst 
Fto/DVHgwst 
FtoffllhlHgwst 
FtoPIIIRigwst 
LticlDtlHgwt 
LtidMsHgwst 

Aquatic Sedge Marsh EsilT'dIHgwP 
FdobPdmpwfs 
FtoPdmpwfs 
Ltic/Pd!HM 
Ltim/Nmgwf~ 

Deep Open Water without Islands WldiW/W 
Deep Open Water with Islands or WlditiLpiW 

Polygonized Margins Wldit/WilW 
Shallow Open Water without Islands WlriWiW 
Shallow Open Water with Islands or 

Polygonizcd Margin WlsiVZpN 

Lowland Basin Complex Old Basin Wetland Complex Qce- Ltic/XbKbo 
rich) LtimlXbKbo 

Lowland Deep-polygon Complex Aquatic Sedge with Deep Polygons FdobPlhhMp 
Lacustine Moist Low Willow Shrub Moist S e d g e S h b  Meadow LtncfNISlow 
Lacustrine Moist Sedgeshrub Moist SedgeShrub Meadow Ltnu'NHgmss 

Meadow ~rncipmmgmss 
L t d K g m s s  

Lacustrine Wet Sedge Meadow Nonpatterned Wet Meadow Ltdfldnrgwst 
LtnJNiHgwst 
Ltnc/Prngwst 

Patterned Wet Meadow Ltnc/ME/HgW 

Lacustrine Sedge Marsh Aqudc Sedge Marsh LrnJNKg* 
Lmdpdmgwfs 
LhlmlNmgua 

Lacustrine Grass Marsh Aquatic Grass Marsh LtndNRlgwfg 
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Appendix Table 4. (Continued) 

ECOTYPE HABITAT CLASS 

Barrens (Riverine, Eolian, or 
Lacusmine Moist Barrens Lacuswine) 

Young Basin Wetland Complex 
Lacusthe Basin Complex (Ice-poor) 
Riverine Moist Tall Willow Shrub Riverine Law and Tall Shrub 

Riverine Moist Low Willow Shrub Riverine Low and Tall Shrub 

Riverine Dry Dryas Dwarf Shrub Upland and R i v e ~ e  Duwf Shrub 

Riverine Moist Sedgdhrub  Moist Sedgeshrub Meadow 
Meadow 

Riverine Wet Sedge Meadow Nonpanemed Wet Meadow 

Rivetine Sedge Marsh 

Riverine Grass Marsh 

Panemed Wet Meadow 

Aquatic Sedge Marsh 

Aquatic Grass Marsh 

ITU CODE 

Lhlcmmgwfg 
LtnmiNMgw+g 

Lmc/N/Bpv 

Lhlm/Xb/Xby 

Fdoa/Mu/Stow 
Fdoa/N/Stow 
FmoafMdStw 

FdoaiNISlcw 
FdoaiNlSlow 
FdoilNISlaw 
FdolmdiSlow 
FdoilPhIlSlow 
FdriINlSlow 
FhVNlSlcw 
Fhl/NiSlow 
FmoaNISlow 

FdoiNlSddt 
FdolmhlISddt 
FdoiNMgmss 
FdoilPhliHgmss 
FdoilPmlHgrnss 
FddNMgmrs 
Fhl/N/Hgmss 
FhliPNRlgmrr 
FhliPmlHgmss 
F h ~ d g m s s  
FdoilNMgwst 
FdalmdRlgwst 
FdriINMgwst 
FhlMMgwst 
FhlfTbMgwst 
FmoaiNMgwst 
FdoilPlhlMgwst 
FdolmIll/Hgwst 
FhliPlllMgwst 
FmofllhhlHgust 
FdolmdRlgwfi 
FdraNMgwfs 
FdnilNMgwfs 
Fhl/NMgwfs 
FmoilNMg& 
FmoiIPdMgds 
FmriflNiHgwfs 
Wlscr/WMgwfg 
Wlscr/WiMgwfg 
WlscrhiWMgwfg 
Wlsir/WMgwfg 

NPRA Ecological Land Survey, 2002 



Appendix Table 4. (Continued). 

ECOTYF'E HABITAT CLASS I l U  CODE 

Riverine Lake Deep Open Water without Islands WldcrANAN WldirNiW 
WldntiWiW WldinANiW 

Deep Open Water with Islands or WldcriWiiW WldirMiiW 
Polygonized Margins WdcrVLpiW Wdi r tnpM 

WdntiWiiW WldivWiiW 
Wldir/LpiW 

Shallow Open Water without lslrmds WlscrANAN WlsimWiW 
W l s i r M  

Shallow Open Water with Islands or WlsiriLpM WlsirtiLplW 
Polygonized Margin WsirMiiW WlsinANiiW 

Tapped Lake with High-water 
Connection WldcrhiwiW WlscrhAViW 

Barrens (Riverine, Eolim, or 
Riverine Moist Barrens Lacustrine) FmraVNiBbg FmraVNiBpv 
Riverine Complex Riverine Complex Fhl/Tb/Xr FhVXriXr 

Riverine Dune Complex Dune Complex EsiiXdiXd 

Riverine Deeppolygon Complex Aquatic Sedge with Deep Polygons FdoiiPlhliXp 
Coastal Moist Willow Dwarf Shrub Salt Marsh FdoalNISdwh 

Coastal Wet Sedge Meadow Salt Marsh Ltdn/NMgwhs MtimdMgwhs 
Ltdn/PdMgwhs MtiiPlhh/Hgwhs 
MtiINMgwhs Mti/PlllMgwhs 

Coastal Salt-killed Wet Meadow Salt-killed Tundra Ltdn/Pd/Hgwhk 
Coastal Lake Bracldsh Water (tidal ponds) WelVLpiW WeltNilW 

WeltNiW 
Tapped Lake with Low-water WeldliWIW WelsliWiW 

Connection WeldliWiiW 

Coastal Moist Barrens Barrens (Riverine, Eolian. or FdralNiBbg Ltdn/NiBpv 
Lamtrine) FdralNApv 

Tidal Flat MialNiBbg Mta/NiBpv 

Tidal River River or Stream WntiWiW 

Nearshore Water Nearshore Water WmniWIW 

Lower Perennial River River or Stream W r l f l i W  
Headwater Stream River or Stream Wrhl/Tb/W WrhlMiW 
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Appendix Table 5. List of vascular plant species found in the Northeastern Planning Area of the NPRA, 
2002. Nomenclature follows Viereck and Little (1972) for shrubs and Hulten (1968) 
for all other vascular species. Common Synonymies are listed parenthetically. 

Betulaceae Kobresia myosuroides (Vill.) Fiori & Paol. 
Betula nana L.. Empetraceae 

Caryophyllaceae Empetrum nigrum L. 
Melandrium apetalum (L.) Fenzl. Equisetaceae 
Minuariia sp. Equisetum arvense L. 
Silene acauiis L. Equisetum scirpoides Michx. 
Sfellaria crassifolia Ehrh. Equisetum variegatum Schleich. 
Stellaria humifusa Rottb. Ericaceae 
Stellaria iongipes Goldie Andromeda poiifolia L. 
Stellaria monantha Hult. Arctostphylos rubre (Rehd. &Wilson) Fern. 
Wllhelmsia physodes (Fisch.) McNeill (=Arctous rubra (Rehd. 8 Wilson) Nakai) 

Compositae (Asteraceae) Cassiope tetragons (L.) D. Don 
Ariemisia borealis Pall. Ledum decumbens (Ait.) Lodd. 
Aster sibiriCus L. Vaccinium uliginosum L. 
Chfysanthemum bipinnatum Vaccinium vitis-idaea L. 
Erigeron eriocephaius Gentianaceae 
Petasrtes frigidus (L.) Franchet Gentianella propinqua (Richards.) Gillet var. propinqua 
Saussurea angustifoiia (=Gentians propinqua Richards. ssp. Propinqua) 
Senecio atmpurpureus Graminae (Poaceae) 

Crassulaceae Agropyron boreaie (Turw.) Drobov subs, aiaskanum 
Sedum rosea (L.) Scop. ssp. integrifolia (Raf.) Hull. (Suibn. 8 Merr.) Melderis (=Elymus alaskanus) 

(=Rhodiola integrifolia Rat) Agmstis scabra Willd. 
Cruciferae (Brassicaceae) Alopecuris alpinus Sm. ssp. alpinus 

Arabis arenicola Arclagrostis iatifolia (R. Br.) Griseb. 
Cardamine hyperborea Arctophila fulva (Trin.) Andens. 
Cardamine pratensis Calamagrostis deschempsioides Trin. 
Cochlearia ofricinalis Caiamagrostis purpurascens R. Br. ssp. purpurascens 
Panya nudicauiis Deschampsia brevifolia R. Br. 

Cyperaceae Deschampsia caespiiosa (L.) P. Beauv. ssp. caespitosa 
Carexaquatilis Wahlenb. ssp. aquatilis Dupontia fischeri R. Br. 
Carex atrofusca Schkuhr Festuca rubra L. 
Carex bigelowii Ton. Festuca sp. 
Carex capillaris L.. Festuca vivipara (L.) Smith 
Carex chordoMiza Ehrh. Hierchioe alpine (Sw.) Roem. & Schult. 
Carex concinna R. Br. Koeleria asiatica Domin 
Carex glareosa Wahlenb. ssp. amphigena (Fern.) Hull. Poa arctica R. Br. 
Carex holostoma Drej. Poa glauca M. Vahl. 
Carex kmusei Boeck. Poa hariliiR. Br. var. alaskana R.J. Soreng. 
Carex marifima Gunn. Poa lanata Scribn. 8 Merr. 
Carex membranacea Hook. Puccinellia iangeana (Berl.) Sorens. 
Carex misandra R. Br. Trisetum spicatum (L.) Richter 
Carexnardina E. Fries Haloragaceae 
Carex rariffora (Wahlenb.) Smith Hippuris vulgaris L.. 
Camx rotundafa Wahlenb. Mynophyllum spicatum L. 
Carex rupestris All. Juncaceae 
Carex saxatiiis L.ssp. laxa (Traulv.) Kalela Juncus arcticus Willd. 
Carex scirpoidea Michn Juncus biglumis L. 
Carex subspathacea Wormsk. Juncus castaneus Smith 
Carex vaginata Tausch Juncus stygius L. ssp. americanus (Buchenau) Hull. 
Carex Williamsii Britt. Luzula arctica Blylt. 
Eriophorum angustifolium Honck. ssp. subarcticum Luzula confusa Lindeb. 

(V. Vassiljev) Hull. Luzula muitiflora (Retz.) Lej. var. frigida (Buchenau) Hull. 
Eriopho~m ~sseolum Fries Luzuia tundricola Gorodk. 
Eriophorum scheuchzeri Hoppe Leguminosae 
Eriophorum vaginatum L. 
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Appendix Table 5 .  (Continued). 

Astragalus alpinus L.. 
Astragalus auasmus Homem. ssp. Sealie (LePage) Hult. 
Astragalus umbellatus Bunge 
Hedysarum alpinum L. 
Hedvsarum mackenzii Richards. 
0&ps arcilca R. Br. 
Owvfropis campestris (L.) DC. . . 
0GmPis daflexa (Pall.) DC. 
Oxytmpis nigrescens (Pall.) Fisch. 
Oxyfmpis viscida Nun. 

Lentibuiariaceae 
Utricularia intannedia Hayne 
Utricularia vulgaris L. ssp. macrodIiza 

(Le Conte) Clausen (=Wicularia macmrhiza) 
Liliaceae 

Tofieldia coccinaa Richards. 
Tofieldia pusilla (Michx.) Pers. 

Onagracaaa 
Epilobium latifolium L. 

Papaveraceae 
Papavar lapponicum (Tolm.) Nordh. 
Papaver macounii Greene 
Papavar sp. 

Piumbaginaceae 
Anneria maritima (Mill.) Willd. ssp. arciica (Cham.) Hun. 

Polemoniaceae 
Polamonium acutlflorum Willd. 

Polygonaceae 
Polygonum bistorla L. ssp. plumosum (Small) Hult. 

(=Eistorla plumosa Greane) 
Polygonum viviparum L. 
Rumex amticus Trautv. 

Potamogetonaceae 
Polamogaton filifonnis Pers. 
Potamogeton gramineus L.. 

Pyrolaceae 
Pymla grandfflora Radius 
Pymla secunda L. 

(=Orihilia secunda) 
Ranunculaceae 

Anemone narcissiflora L.. ssp. villosissima (DC.) Hult. 
Anemone parvflora Michx. 
CaMa palusfris L, ssp. asahlia (DC.) Hult. 
Ranunculus hyperboreus Ronb. 
Ranunculus pallasii Schlecl. 

Rosaceae 
Dryas integrilalis Vahl. 
Polentilla palustris (L.) Sap. 

(=Cornarum palustre L.) 
Rubus chamaemoms L.. 

Salicaceae 
Salix alaxansis (Andens.) Cov. 
SaIix emtica Pall. 
Saiix fuscescans Anderss. 
Saiix glaoca L. 
Salix lanata L, ssp. Richardsonli (Hook) 
Salix ovalifolia Trautv. 
Salix phhlebophylla Anderss. 
Salixplanifolia Punch. ssp.pulchra (Cham.) Argus 

Saiixpolaris Wahlenb. ssp. pseudopolaris (Flod.) Hult. 
Salix raticulata L. 

Sax'hgaceae 
Pamassia palustris L. 
Saxifraga bmnchiaiis L. 
Saxifraga carnua L. 
Saxifraga hiaracifolia Waldst. 8 Kit. 
Saxifraga himulis L. 
Saxifraga pundata L. 

Scrophulariaceaa 
CasliNeja caudata (Pennell) Rebr. 
Pedlcularis capiiata Adams 
Pedicularis kanei Durand ssp. Kanei 

(=Pedicularis lanata ssp. Kanei (Durand)) 
Pedicularis labradorica Wirsing 
Pedicularis iangsdorffii Fisch. ssp.arctica 

(R. Br.) Penneil 
Pedicularis sudatica Willd. 
Pedicularis verlicillata L. 

Valerianaceae 
Valeriana capifata Pall. 
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Appendix Table 6. List o f  mosses, liverworts, and lichens found in the Northeastern Planning Area o f  
the NPRA, 2002'. 

Mosses and Liverworts Mosses and Liverworts (cont.) 

Aongstroemia longipes (Somm.) B.S.G. Rhytidium rugosum (Hedw.) Kindb. 
Aulawmnium acuminatum Sanionia uncinata (Hedw.) Loeske 
Aulacomnium palustre (Hedw.) Schwaegr. (=Drepanocladus unciatus (Hedw.) Warnst.) 
Aulawmnium turgidurn (Wahlenb.) Schwaegr. Scorpidium scorpioides (Hedw.) Limpr. 
Bartramia pornifomis Hedw. Sphagnum imbricatum Hornsch. ex Russ. 
Bleoharostoma trichoohvllum A.) Dum. Sohaonom rubellum Wiis. 
~rachyihecrum m~ldeanim ( ~ j l l m ~  ) Schmp ex Mude sphagnum squarrosum Crome 
Brachvthmum turardum (Hartm ) K~ndo Sohenolobus mrnutus f Schreb ) Beraar 
~ryodriinonia longijes (~;tt.)  ori ion 6ntrichia ruralis (~edw.) ~eb:e t  ~ ; ;h r  
Bryum aeneum Blyff ex 8. S. G. Timmia austriaca Hedw. 
Bryum pseudotriquetrum (Hedw.) Gaertn. et al. Tomentypnum nitens (HedwJ Loeske 
Brvum subneodamense Kindb. 
~ a ~ # e r g o n  g,ganteum (Scn~mp ) ffindo 
CaNrergon nchardsonrr (M tl ) Klndo In Warnst 
~ampyl~um arctlcum Wlll~ams 
Campyl~um polygamum (B S G ) C Jens 
Camovburn stellatom fHeaw \ C Jens 
~atdscopium nigritum'(~ed&) Brid 
Ceratodon purpureus (Hedw ) Brla 
Dcranum acutrfolrum (L~noo et H Arne I) C Jens 
Dicranum elongatum Schleich. ex Schwaegr. 
Dicranum groenlandicum Brid. 
Dicranum laevidens Williams 
D~cranum spad~ceum Zen 
D~sbch~um caorllaceum fHedw ) B S G 
Ditrichum t7exicaule (~chwae~;) Hampe 
Dreoanocladus brevlfolius (Lindb.) Warnst. 
Drepanocladus pdycarpus'(~land ex Volt) Warnst 
Hylocom~um splendens (Hedw ) B S G 
~ y ~ n u m  bambergeri schimp. 
Hypnum lindbergii Mitt. 
Hypnum pratense Koch ex Spruce 
Leptobryum pyriforme (Hedw.) Wils 
Limorichtia revolvens (Sw.) Loeske 

i=~re~anocladus ivo1;ens) 
Meesia triouetra (Richter) Aonastr. 

~o+ella tortu&a (Hedw ) L mpr 
Wamstonia pseudostram!nea (C Muell ) Tuom 

Lichens 

Alectoria nigricans (Ach.) Nyl. 
Alectoria ochroleuca (Hofhn.) A. Massal. 
Bryocaulon divergens (Ach.) Karnefelt 
Cetraria islandica (L.) Ach. 
Cetrariella delisei (Bory ex Schaerer) K2rnefelt 

& Thell (=Cetraria deliseiil 
Cladina arbuscula (Wallr.) Hale & Culb. 
Cladina rangiferina (L.) Nyl. 
Cladonia gracilis (L.) Willd. 
Cladonia pyxidafa (L.) Hoffm. 
Dactylina arctiw (Richardson) Nyl. 
Flavocetraria cucullata (Bellardi) Karnefelt & Thell 

[=Cetraria cucullata (Bell.) Ach. 
Flavocetraria nivalis (L.) Karnefelt & Thell 

/=Cetraria nivalis (L.) Ach.) 
~abewia tomo6nsis (~yi . )  ~ s r i s b e r ~  
Masonhalea richardsonii 

Onwphor"s wahjenbergii Brid- Nephroma arcticum L Torss. 
Orthothenurn chryseon (Schwaegr. ex S c h ~  tes) Scn mp Ochrolech~a androgyna (Hoffm ) Arnola 
Philonotis tomentella Molenao Ochrolech~a fngida (Sw ) Lynge 
Plag~omnium ellipticum (Brid) T Kop Ochrolechia inaequatula (Nyl.) Zahlor. 
Platydiclya jungermann~ordes (Brid ) Cwm Peltigera aphthosa (L.) Willd 
Pleurozium schreberi (End.) Mln. ~elt~gera malacea ( ~ c h  ) FmCk . . 
Pohlia cruda (Hedw.) iindb: pertusaria sp. 
Pohlia nutans (Hedw.) Lindb. Physconia muscigena 
Polyhichum juniperinom ~edw.'  Rinodina turfacea (Wahlenb.) Korber 
Polytrchum stricturn Brid. Sphaerophorus globosus (Hudson) Vainio 
Pseudocalllergon turgescens (T.Jens.) Loeske Stereocaulon sp. 
Ptilidium ciliare (L.) Hampe Thamnolia vermicularis (Sw.) Ach, ex Schaerer 
Racomitrium lanuginosum (Hedw.) Brid. 

' Nomenclature follows National Plants Database (NRCS 2001) except as noted. 
'~omenclature follows Via, et al. (1988). 

NPRA Ecological Land Survey, 2002 



Appendix Table 7. Habitat classification system for the Arctic Coastal Plain of Alaska (modified from 
Jorgenson et al. 1989). 

Class 

MARINE WATERS 
Inshore Waters 
Offshore Waters 
Sea Ice 

COASTAL ZONE 
Nearshore Water 

Open Nearshore Water 
Brackish Ponds p e e p  or Shallow) 

Deep 
without Islands 
with Islands 
with Polygonized Margins 

Shallow 
Tapped Lakes (deltas only) 

Deep 
Low-water Connection 
High-water Connection 

Shallow 
Low-water Connection 
High-water Connection 

Coastal Wetland Complex 
Salt Marsh 

Halophytic Sedge 
Halophytic Grass 
Halophytic Herb 

Halophytic Dwarf Willow Scrub 
Bamn 

Coastal Islands 
Coastal Beaches 

Cobble-Gravel 
Sand 

Coastal Rocky Shores 
Low 
Cliffs 

Tidal Flats 
Salt-killed Tundra 
Causeway 

FRESH WATERS 
Open Water 

Deep Open Lakes 
Isolated 

without Islands 
with Islands 
with Polygonized Margins 

Connected 

Codes 

ZOO C 
201 Cn 
205 Cno 
210 Cnp 
21 1 Cnpd 
212 Cnpdw 
213 Cnpdi 
214 Cnpdp 
221 Cnps 
230 Cnt 
231 Cntd 
232 Cntdl 
235 Cntdh 
241 Cnts 
242 Cntsl 
245 Cntsh 
250 Cw 
251 Cwm 
252 Cwms 
253 Cwmg 
254 Cwmh 
257 Cws 
260 Cb 
261 O i  
271 Cbb 
272 Cbbc 
273 Cbbs 
275 Cbr 
276 Cbrl 
277 Cbrc 
280 Cbt 
285 Cbk 
291 Cbc 

300 W 
305 Wo 
310 Wod 
311 Wodi 
312 Wodiw 
313 Wodii 
3 14 Wodip 
315 Wcdc 

Class Codes 

Shallow Open Water (Isolated or 320 Wos 
Connected) 

without lslands 322 Wosw 
with Islands 323 Wosi 
with Polygonized Margins 324 Wosp 

Rivers and Streams 330 Wr 
Tidal 331 Wrf 
Lower Perennial 341 Wrl 
Upper Perennial 351 WN 

Deep Pools 352 Wmd 
Shallow 353 WNP 
Rimes 354 W w  
Falls 355 W N ~  

Intermittent 356 Wri 
Water with Emergents (Shallow, Isol. or 360 We 

Conn.) 
Aquatic Sedge 361 Wes 

without Islands 362 Wesw 
with Islands 363 Wesi 
Deep Polygon Centers 364 Wesp 

Aquatic Grass 371 Weg 
without Islands 372 Wegw 
with Islands 373 Wegi 

Aquatic Herb 381 Weh 
without Islands 382 Wehw 
with Islands 383 Wehi 

Impoundment 390 Wi 
Drainage Impoundment 391 Wid 
Efluent Reservoir 395 Wie 

BASIN WETLAND COMPLEXES 400 B 
Young (non-ice rich) 401 By 
Old (ice-rich) 405 Bo 

RIVERLYE COMPLEX 410 R 
RlVERINE DUNE COMPLEX 420 Dx 

MEADOWS 
Wet Meadows 

Nonpattemed 
Sedge (Carer, Erioph.) 
Sedge-Grass (Carex, Duponfio) 

Low Relief 
Sedge 

High Relief (Sedge-Willow) 
Sedge 

Moist Meadows 
Low Relief 

500 M 
510Mw 
511 Mwn 
512Mwns 
516Mwng 
521 Mwl 
522 Mwls 
531 Mwh 
532 Mwhs 
540 Mm 
541 Mml 
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Appendix Table 7. (Continued). 

Class 

Sedge-Dwarf Shrub Tundra 
Tussock Tundra 
Herb 

High Relief 
Sedge-Dwarf Shrub Tundra 

Tussock Tundra 
DIY Meadows 
Grass 
Herb 

SHRUBLANDS 
Riverine Shrub 

Riverine Tall Shrub 
Riverine Low Shrub 

Willow 
Birch 
Alder 

Riverine Dwarf Shrub 
Dvm 

Upland Shrub 
Upland Low Shrub 

Mixed Shrub Tundra 
Willow 
Alder 

Upland Dwarf Shrub 
Drym 
Ericaceous 

Lowland Shrub (including bogs) 
Lowland Low Shrub Bog 

Mixed Shrub 
Lowland Dwarf Shrub 

Ericaceous 
Willow 

PARTIALLY VEGETATED 
Riverine Barrens (including deltas) 

Barren 

Codes 

542 Mmls 
546 Mmlt 
548 Mmlh 
551 Mmh 
552 Mmhd 
556 Mmht 
560 Md 
561 Mdg 
566 Mdh 

600 S 
605 Sr 
610 Srt 
61 1 Srl 
612 Srlw 
615 Srlb 
618 Srla 
621 Srd 
622 Srdd 
630 Su 
631 Sul 
632 Sulm 
635 Sulw 
638 Sula 
641 Sud 
642 Sudd 
645 Sude 
650 SI 
651 S11 
652 Sllm 
661 Sld 
662 Slle 
663 Sllw 

Class Codes 

Partially Vegetated 
Eolian Barrens 

Barren 
Partially Vegetated 

Upland Barrens (talus, ridges, etc.) 
Barren 
Partially Vegetated 

Lacushe Barrens (shore bottoms, 
margii) 

Barren 
Partially Vegetated 

Alpine 
Cliffs (Rocky) 
Bluffs (Unconsolidated) 

Barren (Unstable) 
Partially Vegetated (Stable) 

Burned Areas (Barren) 

ARTIFICIAL 
Fill 
Gravel 

Barren or Partially Vegetated 
Vegetated 

Medium-grained 
Barren or Partially Vegetated 
Vegetated 

Sod (Organic-Mineral) 
Barren or Partially Vegetated 
Vegetated 

Excavations 
Gravel 

Barren or Partially Vegetated 
Vegetated 

Structure and Debris 

815 Pfp 
820 Pe 
821 Peb 
825 Pep 
830 Pu 
831 Pub 
835 Pup 
840 PI 

841 Plb 
845 Plp 
860 Pa 
871 PC 
875 Pb 
876 Pbb 
877 Pbv 
880 Pr 

900 A 
910Af 
91 1 Afg 
912Afgb 
913 Afgv 
920 A h  
921 A h b  
925 Afmv 
930 Afs 
93 1 Afsb 
935 Afsv 
940 Ae 
941 Aeg 
942 Aegb 
945 Aegv 
950 As 
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5 Appendix Table 8. Comparison of ecotype, wildlife habitat, vegetation, and NPRA landcover classes in the Northeastern Planning Area of the b. 
NPRA. 2002 g 

h Ern* 
2 
6 Upland Ory Tall Wdkw Shrub 

Upland MOM Low Wlow Shrub 
9. - U~land  Drv m a r  Owart Shrub 

H a b m C I a ~  vegstauon Class 

U W d  La and Tal  Shrub O w n  and C D W  Tall Willow Shrub 
U r n  La and Tdl  Shrub Open and C M  L a  WUlav Shrub 
Uoland m d  Riverine hrrriShrub Dwar h*vf Shrub Tundra 

a 
Land-, ctarr I), 
Tall Shrub. Lo* Shrub 2 
Low Shrub, DvariShrvb 
DrrsriShrub. M&UdmTundra 
DusriShrub 
T"sSceT""dra, hrafi Shrub 
DUnBdDN Sand m n s .  MossiLlchsn Tundra. Soaroslv Vsaetated 

., 
% ~'pland ~ & r t ~ a u ~ o w  Duad Shrub 
h Upland MMTuanodc Meadow 

Upland Dry Burens 8. Lrmlsnd Mar t  Low W8llow Shrub 
W Lrmland MdstSedg6hrub Meadow 
g Lrmland Wet Sedge Meadow 

Upland and Rivsrine DnrariShrub 
Mo l t  TvsSceTundra 
Barrens IRivsrine. Eolian, or Lawrntnnel 

Carsape DwariShrub Tunda 
T u u d  Tundra 
Barren end ParhllvVsaetaM . .  . - 

Low Shrub. OwariShrub 
M M t  SedgelGrau M s a d a  
Floadsd Tundra (Nmpattem). wet Tundm 
Flooded Tundra ( L o w W t e M  Pdygonr1 
Floaded Tundra lNmoaUsml. AauaIbCarex 

2 
k Lrmland Sedga Manh 

Psmrned Wet Meadow 
auat ic  Sedge Marsh Fresh Sedge Marsh 

Water Deep Dan  water * man I w a ,  
~ e e p  w n  water ern luams w Parponzm h4arg.n 
Snalow open wamr mu IIIId, 
Snalow O p n  Wamr m .rand% on PohOmrso Manpan 
m Bas" wemano Corn* I -, 
a v a  smrs m Paygmr 
MI S e d g e n o  U e s a a  
M&t S e d ~ b S n r ~ o  Usaam 

. . 
Clear water (Deep) 
Clear water (Deep) 
T M i d  and Shsllar watar 
Tumid and Shslkw Water 
"a 

"a 

Lou Shrub. DwariShrub 
M M t  SsdoplGrau W o w  

Old Baain c a n o w  
. a a n a  -roan crmpsr 
.ec.,Ume UWI LO* w lor S ~ ~ L D  
d C - w o e  UDU, % W e S r r o  Me& 

~ m p a m &  w e t ~ e s d o w  
pamrned wa, Meadow 
Aquatic Sedge M M h  
Aquatic G r a u  Marsh 
Barrens IRivsrim. Eolian, a Lawsbins1 

Wet& Meadow Tundra 

Lacurbine sedge Murh  
h a b i n s  Ogu Manh 
h & n s  M M I  Bans"% 

+ 
N Lacurns Bari" Complex 
00 Rlvsnns M M T a U  Wilkw Shrub 

Rimrins La W i I a  Shrub 
Rlmrine Dry Dryas Owsf Shrub 
Rlmdne M d n  s w e r u b  M& 
Rlwrine Wet Sedw M e d W  

Fresh Sedge Ma& 
Fresh Gnsr Manh 
Barren and PamallvvsgeMsd 

Young &n wetiand c o m p w  (l~sx&) 
RNer insLaandTal  Shrub 
Rivenns La and Tal  Shrub 
Upland and Rivains DrafiShnX, 
MI SedabSnrub M e d W  

. . 
Young Basin -@ex 
O w n  and C l d  Tall WiUow Shrub 
O w n  and C M  Lo* WdlmShrub 

,,- 
Tetl Shrub, L a  Shrub 
Lo* Shrub, Owart Shrub 
Owartshrub 
Moist SedodGmu Meadm 

Dryas DrrsriShrub Tundra 
Maim SedobShrub Tundm 

N m p &  wet Meadow 
P l t w m d  WBl Meadow 
AqJqraticSedpe Manh 
AquaticGrass Marsh 
Daao Ooan Water W t  Islands 

F w d  Tundra (Nanpamm). W*,T"ndra 
F b X d  Tundra (Lorrcs"terad Pdygors) 
W e d  Tundm lNonPa~m1, AauaIcXarex Ri"e""ne Sedge Manh 

Rivs" Grass Marsh 
Rivs"ne L a b  

Fresh Sedge Manh 
F,& Grass Manh 
watsr 

Aquawtvmphi ia 
C h  w m  ( W P )  
clear Wabr ( W P )  
TUMd and Shallow water 
TuMd and Shallow Water 

DG o k o  watar wim I m M a a r  ~ o ~ y w n l l e d  ~ a r g i n  
shetlow open W a l e r H M  I~Iandd 
Shetlow Open Water H ldsndr or Pdygmized Margin 
rapped Lake& Hgh-wrm mCanne"an 
Burens IRimrim. Eolian. a LawsbinP 

clear water (Deep) 
Mud Banens. DvneslDry Sand Bamna. Sparosly Vegstafsd 
"a 

Banan and Paniatly VegeMsd 
Riverins CanPlex 
Durn Complex 
h e p  PC4x.m Complex 
Halophytlcwllow DrrsriShrub Tundra 
Haloph* Sedge Wet M s a d a  
Salt-ktiW Wet Meadow 
wale, 

. . 
RNsrim'Carnp1ex 
hlns Carnp1ax 
Aquatic Sedpe *nm kw P&,gms 
m Marsh 
%I Msnh 
%I*iled Tundra 
sracklm water(bda1 pmaa) 
T a o d  h k O M  Lo*.*aterCOMediOn 

"0 

"0 

na (mbw rnrmed as Dwafi Shrub. hnssmry  sand ~arrens) 
na IpmbaMI map@ ar Flooded Tundra (Nonpanm). WnTundra) 
na (pobw m& as Swrsdy VegeNM) 
na (mapped a r  TuMd and S M l a  Water) 
Clear water (Deep) 
Mud Barrens. Dunemry Sand Burem. Sparnely Vegetated 
na (pbabably mapped as Mud Bansns. S-ly Vegetated) 
Clear wstar (Deep) 
Clear Water (oeep) 
Clear Water (Deep) 
Clear Water (oeep) 

Maalal Lake 

&nr (swdne. Eolian, a Lawstrine) Bamn and PaniaUy Yegetam 
Tidal Flat 
RNw w S w m  Water 
N&om Water Water 
Rlver a slnam water 
m a r  w Sham water 

Tidal River 
Nearshore water 
Lmer Perennid River 
Headwater Steam 




