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Abstract: An ecological land survey (ELS) of Fort Greely
land was conducted to map ecosystems at three spa-
tial scales to aid in the management of natural resourc-
es. In an ELS, an attempt is made to view landscapes
not just as aggregations of separate biological and earth
resources, but as ecological systems with functionally
related parts that can provide a consistent conceptual
framework for ecological applications. Field surveys at
74 sites along 7 toposequences, and at an additional
178 ground-reference locations, were used to identify
relationships among physiography, geomorphology, hy-
drology, permafrost, and vegetation. The association
among ecosystem components also revealed effects of
fire and geomorphic processes, such as groundwater
discharge, floodplain development, permafrost degra-

dation, and paludification. Ecosoystems were mapped
at three spatial scales. Ecotypes (1:50,000 scale) de-
lineated areas with homogenous topography, terrain,
soil, surface-form, hydrology, and vegetation. Ecosec-
tions (1:100,000 scale) are homogeneous with respect
to geomorphic features and water regime and, thus,
have recurring patterns of soils and vegetation. Eco-
districts (1:500,000) are broader areas with similar
geology, geomorphology, and physiography. Develop-
ment of the spatial database within a geographic
information system will facilitate numerous manage-
ment objectives such as wetland protection, integrated-
training-area management, permafrost protection,
wildlife management, and recreational area manage-
ment.
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An Ecological Land Survey
for Fort Greely, Alaska

M. TORRE JORGENSON, JOANNA E. ROTH, MICHAEL D. SMITH,
SHARON SCHLENTNER, WILL LENTZ, ERIK R. PULLMAN, AND CHARLES H. RACINE

INTRODUCTION

In response to the need for information on the natu-
ral resources of Fort Greely, we conducted an ecologi-
cal land survey (ELS) within the base’s boundaries. This
information is needed for ongoing resource manage-
ment on the base, including assessing potential envi-
ronmental impacts associated with withdrawal of pub-
lic lands for military use (CEMML 1998) and the
Integrated Training Area Management program being
implemented by the U.S. Army. Accordingly, this re-
port presents the rationale and methods used to clas-
sify and map ecosystems on the base, describes the na-
ture and dynamics of these ecosystems, and documents
the structure of the GIS databases used in mapping and
aggregating ecosystems at several spatial scales.

Spatial databases developed from an ecological land
classification are essential to managing land resources
and have many uses, such as assessing ecological risks,
analyzing terrain sensitivity and wildlife habitats, miti-
gating wetland damage, planning for training exercises,
locating facilities, identifying rare habitats, and man-
aging fire. By delineating areas with co-varying climate,
geomorphology (surficial geology, terrain units), sur-
face-forms, hydrology, and biota, the resulting maps
provide a stratified view that is particularly useful for
integrated resource management based on GIS. This
hierarchy of scales can help land managers and mili-
tary trainers access information, identify information
gaps, and improve resource management of large areas.

Ecological land survey approach

In an ELS, landscapes are viewed not just as aggre-
gations of separate biological and earth 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, then, is
to provide a consistent conceptual framework for mod-

eling, analyzing, interpreting, and applying ecological
knowledge. To provide the information required for
such a wide range of applications, an ELS involves three
types of efforts:

* An ecological land survey that inventories and ana-
lyzes data obtained in the field.

* An ecological land classification that classifies and
maps ecosystem distribution.

* An ecological land evaluation that assesses the ca-
pabilities of the land for various land management
practices.

Our emphasis in this report is on the ecological land
survey and classification efforts. A companion report
examines some of the potential land evaluation appli-
cations, such as permafrost distribution and sensitivity,
disturbance regimes, and wildlife habitat use (Jorgenson
et al., in prep.).

The structure and function of ecosystems largely are
regulated along energy, moisture, nutrient, and distur-
bance gradients and these gradients are affected by cli-
mate, physiography, soils, hydrology, flora, and fauna,
which can be viewed as ecosystem components or “state
factors” (Barnes et al. 1982, ECOMAP 1993, Bailey
1996). Accordingly, we used the state factor approach
(Jenny 1941, Van Cleve et al. 1990, Vitousek 1994,
Bailey 1996, Ellert et al. 1997) to partition the varia-
tions in independent factors, or ecosystem components
(e.g., climate, organisms, topography, parent material,
and time), and to help us classify and map ecosystems
(Fig. 1a). While thematic maps of individual ecosys-
tem components (e.g., geomorphology and vegetation)
have their particular uses, this linking and aggregating
of components into ecosystems with co-varying climate,
geomorphology, surface-forms, hydrology, and biota
can provide a stratified view that conveys a much



broader range of information required for ecosystem
management.

An ecological land classification also requires that
ecosystem components be organized at various scales
(Wilken 1981, O’Neil et al. 1986, Klijn and Udo de
Haes 1994, Bailey 1996) on the basis of recognizing
that the state factors operate within a hierarchy of dif-
fering spatial and temporal scales (Allen and Starr 1982,
Delcourt and Delcourt 1988, Forman 1995). This hier-
archical linkage reveals that smaller scale features, such
as vegetation, are nested within larger scale components,

ECOREGION

such as climate or physiography (Fig. 1b). The climate
factor, particularly temperature and precipitation, ac-
counts for the largest amount of variation in ecosystem
structure and function globally (Walter 1979, Vitousek
1994, Bailey 1998). Physiography, or broad-scale land-
forms, with a characteristic geologic substrate, surface
shape, and relief are the boundary conditions that con-
trol the spatial arrangement and rate of geomorphic
processes and thus affect the material (characteristic
lithologies or soil texture) and energy flows, which in
turn affect ecosystem development (Wahrhaftig 1965,

a. Ecotypes are local-scale ecosystems composed of various
elements that exist within large regional ecosystems, or

ecoregions.
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b. Factors affecting ecosystem distribution occur over a range of
scales within a nested hierarchy.

Figure 1. Interaction of interrelated state factors that control struc-
ture and function of ecosystems.



Swanson et al. 1988, Bailey 1996). Soil moisture and
hydrologic movement are critical factors in the water
balance of plants and the availability of nutrients (Fit-
ter and Hay 1987, Oberbauer et al. 1989). Vegetation
typically is the most important factor controlling the
trophic structure of ecosystems, because it controls pri-
mary productivity, affects material and energy ex-
changes, provides structure and energy for other trophic
levels, and affects soil erosion and geomorphic pro-
cesses (Walter 1979, Bailey 1996). For biotic classifi-
cations, vegetation has an advantage over faunal com-
ponents because plants are relatively immobile and
therefore easier to characterize and map (Brown et al.
1998). Natural and human disturbances have long been
recognized as important factors affecting the timing and
development of ecosystems (Watt 1947, Pickett et al.
1989, Forman 1995).

Beyond this conceptual framework of state factor
control, however, there is no single natural scale at
which ecological phenomena should be studied. This
leads observers to impose their own perceptual bias in
the study of the patterns and processes of ecological
phenomena (Levin 1992, Shugart 1998). In addition,
there is no nationally accepted approach to classify-
ing ecosystems, 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). Our system uses numerous
spatial scales for mapping ecosystems and identifies
various ecosystem components as the prime criteria
for differentiating successive levels of hierarchical
organization.

In Alaska, a hierarchical approach to vegetation and
land cover mapping has been developed for northern
Alaska by Walker and his colleagues (Walker 1983,
Walker et al. 1989, Walker and Walker 1991). They also
applied an integrated, geobotanical approach to map-
ping ecosystem components in the Prudhoe Bay region,
but they did not create a hierarchy of integrated units
(Walker et al. 1980). Recently, an integrated-terrain unit
approach has been used for large-scale mapping of eco-
systems on the Arctic Coastal Plain (Jorgenson et al.
1997) and in interior Alaska (Jorgenson et al. 1999),
and for mapping vegetation complexes across the en-
tire North Slope (Walker 1997). Land cover mapping
also has been done for Tanana Valley and adjacent
Alaska Range by the Bureau of Land Management
(USBLM 1997).

Fort Greely ecological land survey

In this report, we evaluate and present three levels
of ecosystem organization, ecotypes (1:50,000 scale),
ecosections (1:100,000), and ecodistricts (1:500,000).
Ecotypes (also called local ecosystems, ecotopes,
landtype phases, or vegetation types) delineate areas
with homogenous topography, terrain, soil, surface-
form, hydrology, and vegetation. Ecosections (also land-
scapes, landtype associations, or geomorphic sections)
are homogeneous with respect to geomorphic features
and have recurring patterns of water regimes, soils, and
vegetation. Although several vegetation classes can be
included in an ecosection, the vegetation classes usu-
ally are related because they occur as different stages
in a successional sequence. Ecodistricts (or subregions,
physiographic districts) are broader areas with similar
geology, geomorphology, and hydrology. Ecoregions
(or climatic zones), which differentiate areas based on
their climatic regimes and gross physiography, have
been mapped recently for Alaska by Gallant et al.
(1995), although their criteria differed slightly from
those mentioned above.

The spatial databases produced by this project are
being incorporated into numerous studies. Associations
between ecotypes and wetland status will be used to
delineate jurisdictional wetlands (Lichvar and Sprecher,
in prep.). The mapping has been used to stratify field
sampling and to analyze habitat use (Anderson et al.
1999). Other applications include analysis of perma-
frost occurrence and degradation, and stratification of
monitoring locations for the Land Condition and Trends
Analysis program.*

Study area

Fort Greely is located near Delta Junction in central
Alaska and covers approximately 267,636 ha (661,341
acres) of land (Fig. 2). Included within Fort Greely are
the West Training Area (231,479 ha between the
Richardson Highway and Little Delta River), the East
Training Area (20,879 ha between the Richardson High-
way and Granite Creek), and the Main Post. Three out-
lying training areas, the Gerstle River Test Site, Black
Rapids Training Area, and the Whistler Creek Rock
Climbing Area, were not included in this ELS; thus,
our study area for mapping covered 260234 ha.

Fort Greely originated as Station 17, Alaska Wing
of the Air Transport Command, in 1942 to serve as a
refueling stop and was reduced to inactive status in 1945
(CEMML 1998). In 1948, the installation was reacti-

*Personal communication with Cal Bagley, Center for Eco-
logical Management of Military Lands, Fort Collins, Colo-
rado, 1999.
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vated for cold weather maneuvers and named the Arc-
tic Training Center in 1949. Designations and purposes
changed throughout the 1950-1990°s, but activities
mostly focused on cold weather training. Most of the
facilities were constructed during the 1950’s, includ-
ing the military’s first nuclear power plant. Chemical
and biological weapons were tested during the 1950°s.
Under the Base Realignment and Closure Act of 1995,
Congress designated a portion of the Main Post to be
closed and training activities were to be realigned with
Fort Wainwright. Fort Greely currently is used for ar-
tillery and mortar firing, aerial gunnery, small arms fir-
ing, platoon to brigade exercises, and bivouacs because
of the large area and the unique opportunities for cold
weather testing, glacier training, mountaineering, river
rafting, and ice-bridge construction. The U.S. Air Force
is a major user of Fort Greely and has designated the
Oklahoma/Delta Creek Impact Areas as the primary
sites for military aircraft training.

The continental climate of interior Alaska has ex-
treme annual temperature variations and low precipita-
tion. Light surface winds are typical over most of the
region, though mountain passes, including the Fort
Greely area, can experience strong, gusty winds. Ac-
cording to U.S. Weather Bureau records (1937-1998),
the mean annual temperature is —2.3°C, with extremes
ranging from —51 to 38°C (Fig. 3). The mean monthly
temperature is 15.6°C for July and —19.9°C for Janu-
ary. The average annual precipitation is 297 mm and
annual snowfall averages 178 cm. Most precipitation
falls during June and July.

The bedrock geology of interior Alaska is dominated
by Precambrian micaceous schist of the Birch Creek
formation, but also includes metamorphic, sedimentary,
and volcanic rocks of Paleozoic age (Péwé et al. 1966,
Wilson et al. 1998). Upland areas adjacent to the Delta

Figure 3. Climate at the Big Delta station near
Fort Greely (mean monthly temperature and pre-
cipitation).

River usually are covered with Pleistocene loess de-
posits varying from a few centimeters on hilltops to
over 14 m in low-lying areas. Some loess has been
retransported from hills to the valley bottoms where it
forms deposits of laminar to massive silt rich in organic
debris (Péwé 1975, Péwé and Reger 1983).
Glaciofluvial sediments both from the Delta creek gla-
ciations and modern glaciers are evident throughout the
study area (Holmes and Benninghoff 1957, Péw¢ et al.
1966, Péwé 1975, Péwé and Reger 1983). Moraines
from the Delta and Donnelly glaciations form promi-
nent deposits in the valleys (Péwé and Holmes 1964,
Péw¢ and Reger 1983, Ten Brink 1983).

Soils of the study area tend to be poorly developed
Inceptisols, undeveloped Entisols, or Histosols (Rieger
etal. 1979). Ochrepts (well-drained Inceptisols that have
only small amounts of organic matter at the surface)
occur on hills where permafrost generally is absent.
Aquepts (wet Inceptisols with thin to thick layers of
poorly decomposed organic matter) are found in poorly
drained areas and are commonly associated with ice-
rich permafrost. Aquents or Fluvents (wet mineral
Entisols associated with shallow or deep water tables)
occur on floodplains and seepage areas. Histol soils,
such as Fibrists (deep organic soils made up mostly of
undecomposed sedges or mosses), are seen in depres-
sions or wet areas in which the soil is saturated for long
periods. Permafrost may or may not be present in these
organic soils. Overall, permafrost tends to occur on
north-facing slopes and valley bottoms and is absent
on south-facing slopes, in coarse-grained sediments, and
in areas of groundwater movement (Viereck et al. 1986,
Williams 1970).

Within interior Alaska, the interrelationships among
geomorphology, slope, aspect, hydrology, permafrost,
and fire result in a complex pattern of vegetation types
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(Johnson and Vogel 1966; Nieland 1975; Van Cleve et
al. 1983, 1986; Van Cleve and Viereck 1983; Viereck
et al. 1983, 1993). Taiga ecosystems are dominated by
open, slow growing spruce interspersed with occasion-
ally dense, well-developed forest stands and treeless
bogs. On the warmest, well-drained sites, the forests
consist of closed spruce-hardwood stands: white spruce
(Picea glauca), paper birch (Betula papyrifera), and
quaking aspen (Populus tremuloides). Productive for-
ests of balsam poplar (Populus balsamifera) and white
spruce form along floodplains. On poorly drained sites,
including those underlain by permafrost and on north-
facing slopes, the dominant forest species is black
spruce (Picea mariana). Bogs vary from rich sedge
types to oligotrophic sphagnum bogs. Sedge-tussock
meadows, with co-dominant low and dwarf shrubs, are
prevalent.

METHODS

Field survey

Field sampling in 1996 and 1998 was done accord-
ing to two different sampling designs. Initially, in Sep-
tember 1996, we sampled 74 ground-reference plots
(approximately 100 m?) on seven transects (topo-
sequences) using a gradient-directed sampling scheme
(Austin and Heyligers 1989). This design optimized the
likelihood of sampling the complete range of eco-
logical conditions and provided the spatial relationships
necessary for interpreting ecosystem development.
Transect locations were stratified using the ecodistrict
map to allocate the sampling to a range of physiographic
conditions. An additional 89 ground-reference plots
were sampled subjectively in sites not represented along
the transects. In August 1998, we used a preliminary
unsupervised spectral classification of the Landsat
image (see the Mapping section) to stratify sampling
of 126 less intensive verification plots. In addition, 89
more-intensive ground-reference plots were established
to sample ecotypes that were under-represented in 1996.
This sampling system was designed to over-sample rare
types and under-sample common types. Data from the
ground-reference plots were used for classifying eco-
systems, identifying ecological relationships, and map-
ping. Data from the map verification plots were used
only for mapping.

The seven toposequences in the various ecodistricts
were selected to cross the dominant geomorphic units
in the study area: fluvial deposits (glaciofluvial outwash
and other floodplains), glacial deposits (young and old
moraines), lowland eolian and retransported materials
(lower slopes), upland slopes, and alpine tundra.
Transects were located in areas that maximized the

range of possible vegetation types over a short distance
(about 1 km). Ground-reference plots for ecosystem
descriptions (8—12 per transect) were located in dis-
tinct vegetation types or spectral signatures identifiable
on aerial photographs. At each plot, we gave a basic
descriptions of geology, hydrology, near-surface soil
stratigraphy, permafrost occurrence, and vegetation.
Plots were located on aerial photography and coordi-
nates were obtained with a GPS. Field data sheets and
photos are archived at ABR, Inc.

Topographic profiles for each transect were obtained
by measuring relative elevations at topographic breaks
along the length of the transects. Measurements were
made with an auto-level and rod or with a total station.
Because the transects were in remote locations, approxi-
mate datums were obtained from the USGS maps. At
each sampling station, notations were made describing
surface-form and microrelief.

Hydrological observations included classification of
the origin of water, water depth, depth to saturated soil
when water was not present in soil sampling pit, pH,
electrical conductivity (EC), and temperature. Water
quality measurements were made with Oakton or Cole-
Palmer pocket meters calibrated to standards within the
range of use at regular intervals in the field. When water
was not present, pH and EC were determined in a satu-
rated paste in a soil sample taken from 10-20 cm depth.

Soil stratigraphy was described from soil plugs dug
with a shovel to approximately 50 cm using standard
methods (SSDS 1993). Where possible, a soil core or
tile probe was used to extend the description and to
determine the depth to underlying gravel, if present.
Descriptions for each profile included the texture and
color of each horizon, the depth of organic matter, the
depth of thaw, the type and percentage of coarse frag-
ments, and the presence and character of mottling. All
profiles were photographed. To aid analyses, textural
differences within a soil profile were grouped into a
single simplified texture (i.e., rocky, sandy, loamy,
clayey, or organic) for a site based on the dominant tex-
ture in the top 50 cm.

Vegetation structure and composition were assessed
semi-quantitatively. Percentage cover of individual spe-
cies in a vegetation type was estimated visually to the
nearest 5% if over 10% and to the nearest 1% if below
10%. Dominant species were noted and a species list
was assembled. Total cover of growth-form types (e.g.,
tall shrubs, low shrubs, graminoids, etc.) was evalu-
ated independently of individual species and cross-
checked for accuracy. All sites were photographed. Most
species were identified in the field, and taxonomic no-
menclature followed Viereck and Little (1972) for
shrubs, Hultén (1968) for other vascular plants, and Vitt
et al. (1988) for mosses and lichens. Unknown species



were collected for later identification. A more complete
inventory was conducted concurrently by CRREL
(Dufty 1999).

For the map verification sites, only vegetation struc-
ture and dominant plant species were listed. In addi-
tion, a preliminary ecotype and Alaska Vegetation Clas-
sification class was assigned in the field.

Classification

Ecosystem classification was approached at two lev-
els. First, individual ecosystem components were clas-
sified and coded using standard classification systems
developed for Alaska (Table 1). Second, these ecosys-
tem components were integrated to classify ecosystems
at three spatial scales using a variety of differentiating
criteria (Table 2).

Ecosystem components

Vegetation types initially were classified to Level
IV of the Alaska Vegetation Classification (Viereck et
al. 1992), from data collected at sample sites, based on
structural and floristic criteria. Geomorphic units were
classified according to a system based on landform—
soil characteristics for Alaska originally developed by
Kreig and Reger (1982) and modified for this study.
During classification of geomorphic units, we also re-
lied on the geologic map of the Mt. Hayes Quadrangle
(Péw¢ and Holmes 1964), the terrain unit maps in Kreig
and Reger (1982), and the glacial maps and terrain de-
scriptions in Péwé and Reger (1983). Organic units were
those defined in the wetland classification for Canada
(NWWG 1988). Surface-forms were classified accord-
ing to the system developed by Washburn (1973) for
periglacial microtopography. Soils were classified ac-
cording to Keys to Soil Taxonomy (Soil Survey Staff
1998).

Ecosystems

Ecotypes (local ecosystems) descriptively integrate
the climate, physiography, soil texture, soil moisture,
and vegetation type of a discrete area. We classified
ecotypes doing by the following:

* Simplying and aggregating detailed ground descrip-
tions of ecological components.

* Identifying ecological relationships among terrain
features by developing graphic profiles of ecosys-
tem components along toposequences.

* Deriving a reduced set of ecotypes by identifying the
most common relationships and central tendencies.

In developing the ecotype classes, we also tried to use
ecological characteristics (primarily geomorphology
and vegetation structure) that could be interpreted from

aerial photographs. We also developed a nomenclature
for ecotypes that explicitly relates ecological charac-
teristics in a terminology that can be easily understood.

Because ecosystems are highly complex and vari-
able, it was necessary to aggregate detailed character-
istics described in the field (e.g., soil stratigraphy and
vegetation composition). For each component, we used
a hierarchical approach to aggregation (Fig. 4). For
geomorphology, we hierarchically aggregated clasts,
textures, layers, and lithofacies into geomorphic units
(architectural elements) using the approaches of Miall
(1985) and Brown (1997). Geomorphic units were as-
signed to physiographic settings based on their erosional
or depositional processes (see Appendix A). Surface-
forms were simplified into a reduced set of slope ele-
ments (i.e., crest, upper slope, lower slope, toe, flat).
For vegetation, we used the structural levels of the
Alaska Vegetation Classification (Viereck et al. 1992)
because they are more readily identifiable on aerial
photography than is floristic composition.

We identified common relationships among ecosys-
tem components by looking at graphic profiles and us-
ing contingency tables. The contingency tables succes-
sively sorted plots by climate zone, physiography, tex-
ture, geomorphic unit, drainage, and vegetation type.
From these tables, common associations were identi-
fied and unusual associations either were lumped with
those with similar characteristics or excluded as un-
usual (outliers). Our philosophy was that it was better
to identify strong relationships that could be used for
prediction and mapping than to create additional rules
and classes that only increase confusion and degrade
accuracy.

Ecotype names were based on the simplified eco-
system components. For example, the full name for an
ecotype for an individual plot would be Boreal Upland
Rocky Moist Mixed Forest, based on climatic, physi-
ographic, textural, hydrologic (moisture), and vegeta-
tive components, respectively. Because this generated
a large number of specific ecotypes (113) from the 252
field plots, we aggregated many similar types into a
reduced set of ecotypes (48). Some textural classes were
grouped (e.g., rocky and loamy) because the vegeta-
tion classes were similar, or similar vegetation struc-
tures (e.g., open and closed black spruce) were grouped
because species composition was similar. This group-
ing relied on identifying the most frequently occurring
components. Overall, we tried to balance both the need
to differentiate ecological characteristics and the need
to minimize the number of classes for management
purposes. This approach to classifying ecotypes pro-
vided a reduced set of broader groups, although the
grouping can be done in any number of ways and other
users may wish to group characteristics in different ways



Table 1. Coding system for the ecological land classification for Fort Greely.

Code Class Code Class
GEOMORPHIC UNITS (modified from Kreig and
Reger 1982) 144  Closed Paper Birch Forest
011 Weathered Bedrock (Bxw) 145 Closed Quaking Aspen Forest
012  Residual Soil over Weathered Bedrock (Bxr) 147  Closed Quaking Aspen-Balsam Poplar Forest
015 Mountain Complex: Bxw + Bxr + Ct 151  Open Paper Birch Forest
016 Rugged Mountain Complex: Bxw + Ct 152  Open Quaking Aspen Forest
330 Solifluction Deposits * 153  Open Balsam Poplar Forest
335 Talus (Ct) 154  Open Paper Birch-Quaking Aspen Forest
371 Lowland Loess (Ell) 162 Balsam Poplar Woodland
372 Upland Loess (Elu) 165 Broadleaf-Shrub Woodland (post burn)
373  Frozen Upland Silt (Elx) 171  Closed Spruce-Paper Birch Forest
374 Loess, Undifferentiated/Old Moraine (El/Gmo) 173  Closed Spruce-Paper Birch-Quaking Aspen Forest
375 Lowland Loess/Old Moraine (EIl/Gmo) 174  Closed Quaking Aspen-Spruce Forest
376 Lowland Loess/Glaciofluvial, Undifferentiated (EIl/GF) 175 Closed Balsam Poplar-White Spruce Forest
377 Loess, Undifferentiated/Young Moraine (EI/Gmy) 176  Closed Spruce—Quaking Aspen—Balsam Poplar Forest
441 Meander Floodplain Riverbed Deposit (Fmr) 181  Open Spruce-Paper Birch Forest
445 Meander Active-floodplain Cover Deposit (Fmca) 182  Open Quaking Aspen-Spruce Forest
447  Meander Inactive-floodplain Cover Deposit (Fmci) 184 Open Spruce-Balsam Poplar Forest
448 Meander Abandoned Floodplain 191  Spruce—Paper Birch Woodland
452  Abandoned-floodplain Cover Deposit (Fpac/ Fpr) 192  Spruce—Quaking Aspen Woodland
481 Headwater Stream, Riverbed Deposit (Fhr)* 211 Open Black Spruce Dwarf Tree Scrub
482 Headwater Stream, Active-floodplain Cover Deposit* 213 Open Quaking Aspen Dwarf Tree Scrub
(Fhca) 214  Open Balsam Poplar Dwarf Tree Scrub
483 Headwater Stream, Inactive-floodplain Cover Deposit* 216 Black Spruce Dwarf Tree Woodland
484 Headwater Stream, Abandoned Floodplain* 221  Closed Tall Willow Shrub
487 Headwater Floodplain-Steep, Undifferentiated 222  Closed Tall Alder Shrub
488 Headwater Floodplain-Lowland, Undifferentiated 224  Closed Tall Alder-Willow Shrub (riverine)
502  Alluvial Fan, Active Riverbed 231 Open Tall Willow Shrub (riverine)
503 Alluvial Fan, Inactive Riverbed 232  Open Tall Alder Shrub
504  Alluvial Fan, Abandoned Riverbed Deposit (Ffrb) 241  Closed Shrub Birch Shrub
506 Alluvial Fan, Active Cover Deposit* 242 Closed Low Willow Shrub
520 Retransported Deposits, Lowland (Fsl) 243  Closed Low Shrub Birch-Willow Shrub
521 Retransported Deposit, Hilly 245 Closed Low Alder—Willow Shrub
612 Ice-cored Moraine (Gmi) 246  Closed Low Shrub Birch-Ericaceous Shrub
621  Older Moraine (Gmo) 252  Open Low Mixed Shrub-Sedge Tussock Meadow
622 Younger Moraine (Gmy) 253 Open Low Mesic Shrub Birch-Ericaceous Shrub
701  Glaciofluvial Deposit, Undifferentiated (GF) (alpine)
702  Glaciofluvial Outwash, Active Riverbed (Gfora) 255  Open Low Shrub Birch-Ericaceous Shrub Bog
703  Glaciofluvial Outwash, Inactive Riverbed (Gfori) 256  Open Low Ericaceous Shrub Bog
705  Glaciofluvial Outwash, Abandoned Riverbed (Gforb) 257  Open Low Shrub Birch—Willow Shrub
712  Glaciofluvial Outwash, Inactive Cover (Gfoci) 259  Open Low Shrub (post burn, uplands)
715  Glaciofluvial Outwash, Abandoned Cover (GFocb) 260 Open Low Willow Shrub
718  Glaciofluvial Outwash, Terrace 262 Open Low Willow-Graminoid Shrub Bog (fen)
750 Lacustrine (L) 265 Open Low Alder Shrub
780 Human-made Deposits (H) 266 Open Low Silverberry Shrub
843 Drainage Fen (Ofd)* 268 Sagebrush—Grass
854  Shore Fen (Ofsh)* 271  Dryas Dwarf Shrub Tundra
872 Basin Bog (Obb)* 272 Dryas—Sedge Dwarf Shrub Tundra
874  Collapse-scar bog (Obc)* 273 Dryas-Lichen Dwarf Shrub Tundra
885 Shore Bog (Obsh)* 280 Ericaceous Dwarf Scrub
888 Veneer Bog (Obv)* 281 Bearberry Dwarf Shrub Tundra
911  Upper Perennial River, Non-glacial (Wrun) 285 Cassiope Dwarf Shrub Tundra
912  Upper Perennial River, Glacial (Wrug) 303 Dry Fescue
928 Deep Isolated Lake, Morainal 304 Midgrass-Shrub (S-facing bluff)
936 Deep Isolated Ponds, Thaw 305 Midgrass—Herb
927 Deep Isolated Lake, Bedrock 306 Hair-grass
943  Shallow Isolated Ponds, Riverine 311 Bluejoint Meadow
312  Bluejoint-Herb
VEGETATION (after Viereck et al. 1992) 313  Bluejoint—Shrub
0 Barren 314  Tussock Tundra
1 Water (<5% vegetated) 318 Subarctic Lowland Sedge Moist Meadow
10 Partially Vegetated 322 Sedge-Birch Tundra
112  Closed White Spruce Forest 331 Wet Sedge Meadow Tundra
113  Closed Black Spruce Forest 340 Lowland Sedge Wet Meadow (riverine)
124  Open White Spruce Forest 341  Subarctic Lowland Sedge—Shrub Wet Meadow
125 Open Black Spruce Forest (w/ ericaceous shrub, flat, 341 Subarctic Lowland Sedge—Shrub Wet Meadow
N-facing) 351 Dry Seral Herbs
128 Open Black Spruce-White Spr. Forest (S-facing, 361 Mesic Mixed Herbs
ridges) 362 Fireweed
133 White Spruce Woodland 381 Pondlily
134  Black Spruce Woodland 362 Fireweed
135 Black Spruce—White Spruce Woodland

*Present, but too small or indistinct to map
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