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PREFACE

This report was prepared by Dr. Donald A. Walker. Research Associate, Institute
of Arctic and Alpine Research (INSTAAR), University of Colorado; William Ace-
vedo. Senior Data Analyst, Technicolor Government Services, NASA/Ames Re-
search Center; Dr. K.R. Everett, Professor, Institute of Polar Studies, Ohio State
University; Leonard Gaydos, Chiefl, Geographic Investigations Office, U.S. Geo-
logical Survey (USGS), NASA/Ames Research Center; Dr. Jerry Brown, Chief,
Earth Sciences Branch, Research Division, U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL); and Dr. Patrick J. Webber, Professor and
Director of INSTAAR, University of Colorado.

This report was prepared as input to the Environmental Impact Statement re-
quired under Section 1002 of the Alaska National Interest Land Conservation Act
(ANILCA) of 1980. The experience gained with Landsat and geobotanical mapping
in other parts of northern Alaska over the past eight vears was applied to this large
and relatively unknown region of northeastern Alaska. Much of the experience re-
quired to accomplish the project was gained through studies supported oy the De-
partment of Energy, USGS and CRREL. This specific study was supported by
USGS and the U.S. Fish and Wildlife Service (USFWS).

James R. Wray, USGS, Reston, Virginia, was responsible for the design of the
Landsat land cover map. Carol Hurr, USGS, Deaver, and Dr. John Haugh, Depart-
ment of the Interior, Reston, provided editorial and technical assistance in compil-
ing early versions of the report. USFWS, under Dr. William Kirk's direction, organ-
ized the logistics for the initial field ground check in August 1981. Bob Bartles of the
USFWS Barter Island field station and personnel of the Distant E{:rl\ Warning
(DEW) line site provided considerable assistance for the field work.

The report was reviewed by Dr. Vera Komdrkovd, Research Ass@ciate, INSTAAR:
Dr. Paula Krebs, Bureau of Land Management, Anchorage; Paut Brooks,'Chief,
USGS Alaska Program Office; Mark Shasby, Technicolor Governtent Services,
Alaska Operation, Anchorage; Carolyn Merry, CRREL; and Carol Simnioms, Uni-
versity of Colorado. John Hall of USFWS and Karen Howe of CRREL reviewed the
NWI equivalents in Appendix C. The comments of the reviewers are grc{ly‘apprc-
ciated; they provided the basis for numerous changes in the ariginal mgnuscript,
parts of which are included in the Environmental Impact Statement and Baseline
Studies for the Arctic National Wildlife Refuge.

The contents of the report are not to be used for advertising or promononal pur-
poses. Citation of brand names does not constitute an official endorseiment or ap-
proval of the use of such commercial products. !
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SUMMARY

This report describes the landforms, soils and vegetation in a 1.4-million-acre
(5700-km?) portion of the Arctic National Wildlife Refuge (ANWR) in Alaska. The
area is being considered for seismic oil exploration activities scheduled to begin in
December 1982. A colored land cover map of the study area at 1:250,000 scale was
derived from Landsat data as part of this project and was used extensively in the ter-
rain analysis. Descriptions of the environment are based on a seven-day reconnais-
sance trip in August 1981 that concentrated in four townships of the study area. The
field data are supplemented with information from 1:60,000-scale, color-infrared
and 1:18,000-scale, color aerial photographs. The report is divided into two parts.
The first describes the Landsat map, the methods for making it, and the legend. The
second is a description of the ANWR study area based on the major terrain types.

The Landsat-derived land cover map consists of a digital mosaic of portions of
three Landsat scenes. The land cover classification consists of the following map
categories: 1) Water, 2) Pond/Sedge Tundra Complex or Aquatic Tundra or shallow
water, 3) Wet Sedge Tundra, 4) Moist/Wet Sedge Tundra Complex or Dry Prostrate
Shrub, Forb Tundra, 5) Moist Sedge, Prostrate Shrub Tundra or Moist Sedge/Bar-
ren Tundra Complex (frost-scar tundra), 6) Moist Sedge Tussock, Dwarf Shrub
Tundra, 7) Moist Dwarf Shrub, Sedge Tussock Tundra or Moist Sedge Tussock,
Dwarf Shrub/Wet Dwarf Shrub Complex (water track complex), 8) Shrub Tundra,
9) Partially vegetated areas, 10) Barren gravel or rock, 11) Wet gravel or mud, and
12) Ice. The land cover classification system is briefly explained and equivalent units
are given for six other vegetation, wetland and land cover classification systems.

The legend system is a solution to the current need for a tundra classification. The
system is still being perfected, but it already meets the following criteria:

1) The system is applicable to both large- and small-scale mapping.

2) 1t consistently applies the same criteria to naming all community types.

3) It has a consistent method of naming vegetation complexes.

4) It is well suited for specific application to Landsat multispectral scanner data.

The study area is divided into five terrain types and the ocean. These types deline-
ate relatively large areas with similar primary landforms. They are, with their per-
centage of the study area in parentheses, foothills (44.7%), river flood plains
(24.6%), hilly coastal plains (22.4%), ocean (5.2%), flat thaw-lake plains (3.1%)
and mountainous terrain (0.03%).

Foothills are the most common terrain type in the study area. Tundra with sedge
tussocks and dwarf shrubs covers most foothill uplands. Dominant plants include
sheathed cottongrass (Eriophorum vaginatum), numerous ericaceous shrubs, dwarf

t birch (Betula nana) and diamond-leafed willow (Salix planifolia ssp. pulchra).

i Shrub cover varies in upland tundra types and is responsible for much of the varia-

} tion in spectral reflectances from moist tundra vegetation. Stream valleys, south-
facing slopes and water tracks (drainage channels on slopes) are likely to have well-
developed shrub communities. Frost scars occur on most upland surfaces and may
cover up to 90% of the surface. Pergelic Cryaquolls or Pergelic Cryaquepts underlie
much of the moist tundra, although Histic Pergelic Cryaquepts are common soils in
water tracks.

River flood plains, which cover large portions of the study area, are highly com-
plex landscapes that include present flood plains, former braided drainages, river
deltas, bluffs, terraces, wet tundra, gravel bars, dunes, mud flats and river icings.
Willow communities are common along the rivers.
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Hilly coastal plains occur north of the foothills, particularly east of the Hulahula
River. The vegetation and soils are a combination of those found in the foothills and
those found in the flat thaw-lake plains. Wet sedge tundra covers about 23% of the
unit, and complexes of moist and wet sedge tundra cover about 34%. Moist tundra
types cover about 40% of the unit. Wet tundra areas are mostly confined to depres-
sions between low ridges that have an east-west orientation. Nearly flat hill crests of-
ten have extensive thermokarst pits.

Flat thaw-lake plains are restricted to small areas near the coast and are dom-
inated by wet sedge tundra and complexes of moist and wet sedge tundra. A large
portion of these areas is covered by lacustrine complexes. The vegetation and soils
are strongly controlled by microrelief associated with patterned ground, mainly ice-
wedge polygons and strangmoor. The dominant plants are aquatic sedge (Carex
aquatilis), other sedges and mosses. The dominant soils are Pergelic Cryaquepts and
Histic Pergelic Cryaquepts, with thick, fibrous, organic surface horizons. In wetter
areas these soils often form complexes with true organic soils, mainly Pergelic Cryo-
hemists. Moderately well drained areas often have mineral soils, Pergelic Crya-
quolls, in association with frost boils. The vegetation near the coast is affected by a
steep summer gradient, with low temperatures near the coast and higher tempera-
tures inland. Beaches, lagoons, estuaries and low-lying areas, which are all inun-
dated by sea water during storm surges, support saline-tolerant plant communities
and haline soils.

Mountainous terrain occurs only in a small portion of the study area, near Sadle-
rochit Spring. Surface forms consist of block fields, talus slopes, sorted stone nets,
steep solifluction slopes, and rock outcrops. Soils are restricted to small areas where
finer materials can collect. In less rocky areas, Pergelic Cryorthents form complexes
with Pergelic Cryochrepts, Pergelic Cryaquepts, and occasionally, Cryohemists in
solifluction areas. The land cover in most mountainous areas is classed as either bar-
ren or partially vegetated due to the dominance of rock, but fairly lush tundra vege-
tation occurs locally on partially stable terrain.

vii




LANDSAT-ASSISTED ENVIRONMENTAL
MAPPING IN THE ARCTIC NATIONAL
WILDLIFE REFUGE, ALASKA

D.A. Walker, W. Acevedo, K.R. Everett, L. Gaydos,

J. Brown and P.J. Webber

INTRODUCTION

The Alaska National Interest Lands Conserva-
tion Act (ANILCA) of 1980 created the present
boundaries of the Arctic National Wildlife Refuge
(ANWR). Under this legislation, 1.4 million acres
(5700 km*) of the northern portion of the refuge
were opened to oil and gas exploration at the dis-
cretion of the Secretary of the Interior (Fig. 1).
The area, henceforth referred 10 as the ANWR
study area, is being considered for seismic oil ex-
ploration that would begin in December 1982.

An Environmental Impact Statement (EIS) was
prepared to satisfy Section 1002d of ANILCA. A
baseline study was prepared under Section 1002¢
of ANILCA to serve as the basis for the EIS and
for regulating future exploration. The extent, lo-
cation and carrying capacity of wildlite habiats
are major emphases of the baseline studies, and
vegetation maps are required for examining wild-
life habitats. Because existing vegetation maps
covering the study area were too general for habi-
tat studies, a new 1:250,000-scale land cover map
was suggested, and Landsat-assisted mapping was
deemed the most practical approach in the limited
time available. A Landsat-based land cover map
(inserted in the back of this report) was produced
between August 1981 and April 1982, and was
partially verified by the three senior authors.

This report is divided into two parts. The first
part is devoted to the land cover map, with discus-
sions of the mapping methods and legend. The
legend is a step toward a Landsat classification
system for tundra. The second part consists of de-
scriptions of the major terrain types within the
ANWR study area.

A LAND COVER MAP OF
THE ANWR STUDY AREA

There are two main objectives fos mapping
project:

1) To produce a land cover map - NWR
study area that has wide applicatio. . wildlife

and land uvse studies.

2) To develop a legend that is appropriate for
Landsat and that has application to other areas in
northern Alaska.

A Landsat-derived land cover classification was
deemed the most suitable approach for this map-
ping project for several reasons. First, the map
had (o be prepared in less than one vear; Landsat-
assisted mapping is the quickest method for map-
ping large areas. Second, the area is generally in-
accessible for detailed mapping on the ground.
Third, funds were insufficient for conventional
mapping by aerial photointerpretation, and not all
of the area was covered on aerial photographs.
Finally, Landsat provides digital, geographically
referenced information that lends itsell’ well to
geographic-based information syvstems. Other
data bases can be registered to it, and analyses
such as area measurements can be performed easi-
ly. Also, maps can be converted to different scales
or the boundaries changed.

Our recent work in the Prudhoe Bay region
(Walker and Acevedo, in preparation) has shown
that excellent Landsat-derived land cover maps
can be prepared for the tundra of the Arctic
Coastal Plain. The Coastal Plain has two attri-
butes that aid in interpreting Landsat data. First,
the terrain is nearly flat or gently rolling, so deep
shadows do not create problems in interpretation,
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Figure 1. Location of the ANWR study area in northern

Alaska.

as they doin mountainous areas. Second, the vep-
ctation s all low growing; there are no trees 1o
mask the terrain or other vegetation.

L.egend development

Criteria for Landsat-derived tundra legends
Although Landsat-derived maps have been
developed Tor several areas of northern Alaska
(Belon et al. 1975, Nodler and LaPerriere 1977,
Nodler et al. 1978, Lyon and George 1979, Mor-
rissey and Ennis 1981), there has not vet been an
attempt to develop a comprehensive Landsat land
cover legend applicable to all areas of the Alaskan
arctic tundra. There are, however, numerous clas-
stfication systems that were examined for poten-
tial application to this mapping objective. These
fit in three categories: remote-sensed land cover
classifications (Anderson et al. 1976, Nodler and
LaPerriecre 1977), wetland classifications (Berg-
man ¢t al. 1977, Cowardin et al. 1979), and vege-
tation classifications (Fosberg 1970, UNESCO
1973, Viereck and Dyrness 1980, Driscoll et al.
1981). A tull discussion of the merits and prob-
lems of each system is beyond the scope of this re-
port; none satisfied the objective of this project.
A satisfactory legend for Landsat-assisted map-
ping of tundra vegetation must meet several crite-
ria. First, the legend must be based on the charac-
teristics of tundra vegetation that can be recog-
nized on Landsat imagery. Our experience with
Landsat imagery and tundra has shown that there
are two primary aspects of arctic Alaskan coastal
tundra vegetation that affect its spectral reflec-
tance—the amount of water on the surface and the
percentage of shrubs in the vegetation canopy.
Numerous secondary factors, such as the openness
of the graminoid layer (the layer of grasslike
plants), the color of the substrate, the amount of
erect, dead graminoid vegetation, and the nutrient

status of the site, also attect the retlectance. A
classification system for Landsat-derived mapping
should recognize the effect of moisture and shrub
cover on spectral reflectance. The secondary fac-
tors are more difficult to classify consistently, but
they should be considered during photointerpreta-
tion,

Second, a classification system should be flexi-
ble enough to describe the great variety of tundra
communities. There has not vet been sufficient ex-
perience with Landsat imagery of tuadra environ-
ments to establish a final set of units with which o
categorize all tundra landscapes. Most approaches
have attempted to force Landsat imerprelations
into rather rigid legend systems that have never
been applied to detailed tundra mapping or that
simply are not suitable for a Landsat approach.

Third, a classification system should use consis-
tent criteria in naming vegetation units. This is
emphasized in all major national and international
mapping svstems. Most of these syvstems recognize
the importance of dominant growth forms. We
have found that a comb iation of dominam
growth forms and site moisture can be used con-
sistently for preparing maps of tundra vegetation,
The system should also have a consistent method
of describing vegetation complexes (i.e. areas
where there are mixtures of vegetation communi-
ties), which are particularly common in the pat-
terned-ground landscapes of the Arctic.

Finally, the small-scale, Landsat-based legend
units should be able 1o serve as a basis for more
detailed community-level mapping without chang-
ing the system. It is also important that the systemn:
should be cross-referenced to the other ciassifica-
tion systems currentlv in use in Alaska.

The classification system developed here satis-
fies these criteria. The classification system for
small-scale maps, such as the 1:250,000-scale land
cover map at the end of this report, is based on a
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method of describing plant communities at large
scales (e.g. 1:6000 scale) that was developed for
Prudhoe Bay, Alaska (Walker et al. 1980, Walker
1981). This large-scale nomenclature system is
described first so that the basis of the smaller-
scale, Landsai-level map units can be better
understood. The map itself is a major step toward
producing accurate vegetation maps for the entire
Arctic Slope of Alaska.

Nomenclature for large-scale
vegelauon mapping

Community nomenclature for large-scale map-
ping (1:12,000 scale or larger) incorporates four
major parts: 1) a site moisture term, 2) the domi-
nant plant species in cach part of the vegetation
canopy, 3) the dominant plant growth forms, and
4) an overall physiognomic descriptor. These parts
are always arranged in this sequence.

The site moisture term can be DRY, MOIST,
WET. or if the vegetated arca is permanently cov-
ered with water, AQUATIC. The site moisture
term is followed by the names of the dominant
plant taxa, usually one or more from each of the
shrub, herb and cryptogam components of the
vegetation. The number of taxa is kept to the min-
imum required to adequately distinguish the com-
munity from others on the map: the total never ex-
ceeds six.

The terms used for plant growth forms are: 1)
TALL SHRUB (>2 m tall), 2) MEDIUM SHRUB
(0.5-2 m), 3) DWARF SHRUB (0.1-0.5 m), 4)
PROSTRATE SHRUB (<0.1 m), 5) TUSSOCK
GRAMINOID, 6) NONTUSSOCK GRAMI-
NOID, 7) FORB, 8) MOSS and 9) LICHEN. All
low-growing woody plants (<0.1 m high), such as
Dryas integrifolia and Arctostaphylos rubra, are
classed as prostrate shrubs. The graminoid vegeta-
tion is further broken down into either sedge- or
grass-dominated units. Cushion plants, such as
Saxifraga oppositifolia and Oxyiropis nigrescens,
are included in the forb category. The lichen vege-
tation is further broken down into crustose- or
fruticose/ foliose-lichen-dominated units. If a veg-
etation unit is dominated by more than one
growth form, each covering at least 30% of the
ground, it will have more than one growth formin
its name (e.g. MOIST SEDGE TUSSOCK,
DWARF SHRUB TUNDRA).

The physiognomic descriptor TUNDRA is used
for all arctic and alpine nonforested areas with
generally continuous ground cover. The physiog-
nomic term BARREN is applied (o units with less
than 30% vegetation cover, The site moisture
term, the dominant plant growth forms, and the

physiognomic descriptor have all upper-case let-
ters, and the plant names are italicized. (The
upper-case lettering applies only 1¢ large-scale
community names and is not used for small-scale
vegetation unit names.)

An example of a community name using this
svstem is WET Carex aquatilis, Drepanocludus
brevifolius SEDGE TUNDRA. A more complex
example with two dominant growth forms is
MOIST Eriophorum triste, Dryas integrifolia, Sa-
lix arctica, Tomenthypnum nitens, Thamnolia
subuliformis SEDGE, PROSTRATE SHRUB
TUNDRA.

Vegetation complexes are also described with a
uniform nomenclature. A unit is considered a
complex if it contains two or more distinet com-
munities, and cach community covers at least 309%%
of the area. In the Arctic, community mosaics oc-
cur mainly as a response to minor elevation differ-
ences associated with ice-wedge polygons, frost
boils, water tracks, strangmoor, solifluction lobes
and other kinds of patterned ground. Even at the
1:6000 scale most of the individual communities
are oo small to map without reference (o vegeta-
tion complexes. In this nomenclature the term
COMPLEX is attached to the end of the land cov-
er name, and the major elements of the complex
are separated by a slash (/). For example, a map
unit composed of wet sedge tundra and moist
sedge tundra is called a WET/ MOIST SEDGE
TUNDRA COMPLEX. The most abundant unit
of the complex is named first. A map unit with a
wetl, dwarf-shrub community occurring in the
water tracks of sedge-tussock, dwarf-surub tundra
would be named MOIST SEDGE TUSSOCK,
DWARF SHRUB/WET DWARF SHRUB TUN-
DRA COMPLEX.

Al large scales, complexes ot vegetation can be
described by the nature of the surface form on
which the complex occurs. For example, vegeta-
tion on a foothill area with water tracks would
have the following explanation in the legend:
MOIST SEDGE TUSSOCK. DWARF SHRUB:
WET DWARF SHRUB TUNDRA COMPLEX
(water track complex):

a) Interfluves and upland tundra areas: MOIST
Eriophorum vaginatum, Betula nana, Salix plani-

Solia, Ledum decumbens, Sphagnum sp., Cladina
sp. TUSSOCK SEDGE, DWARF SHRUB TUN-
DRA,

b) Water tracks: WET Salix planifolia, Betula
nana, Carex aquatilis, Sphagnum sp. DWARF
SHRUB TUNDRA.

The term *‘water track complex’’ could be used as
a shorter synonym in general discussion.
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Table 1. Four-level hierarchy for mapping tundra regions.
_ Level
L 1 2 3
Application: Very small scale maps Small-scale, very general, Small-scale, more detanled,
Landsat-level maps 1 andsat-lesel maps
Scale: 122,500,000 or smallet [ 500,000 1:12,000-1:500 000
Nomenclature: L. Physiognome deseriptons 1. Physignonne deserptors 1. Physiognomie descrpions
2. Site moisture 2. Sie mosture
. Domunant plant growih
torms
Examples: 1. Tundra 1. Wet Tundra i. Wet Sedpe Tundra
2. Barrens 2. Mot Tundra 2. Mot Sedge, Prostrate

Shrub Tundra

3. Mot Wet Sedge Tundra
Comples

4. Dry Prostrate Shrub
Tundia Barren Complex

Map categories can include
vepetation compleses or
combinations ol fand-

4

[ arge-seale maps wirh detanled
ground relerence data

1:400-1:12,000

1. Physiognonue descriptorns
2. Site moisture

3. Donunant plant growth
forms

4. Species composiiion

1. WET Curex aquatiis,
Drepanociadus brevifolius
SEDGE TUNDRA

2. MOIST Eriophorum
triste, Dryvas integrifolia,
Salix arcrica, Tomenthvp-
num nitens, Thamnoliu
subulditormis SEDGE,
PROSTRATE SHRUB
TUNDRA

Map categories can include
vegetation compleses that
require complete descriptions
tor cach part ol the comples.

f Highest— 149 km hr.
** Mcan annual snowtall - 118 ¢m.

Nomenclature for small-scale
vegelation mapping

For small-scale, Landsat-level mapping, the de-
tails of community composition can rarely be in-
cluded, but the site moisture term. the dominant
plant growth forms, and the phyvsiognomic de-
scriptor can normally be retained in the land cover
titles. There are, however, numerous exceplions.
With Landsat it is sometimes difficult to separate
rather distinct land cover types solely on the basis
of spectral reflectance, and it may be necessary to
describe a map category (i.e. one color on the
map) with several land cover types. For example,
*Pond/Sedge Tundra Complex: or Aquatic Tun-
dra; or shallow water™ describes a map category
consisting of several very wet land cover 1ypes that
could not be distinctly separated in the Landsat
data.

Sometimes it may also be necessary 1o drop a
part of the land cover title, For example, it may
not be possible to distinguish Wet Medium Shrub
Tundra from Wet Dwarft Shrub Tundra or Dry
Medium Shrub Tundra, so the term Shrub Tundra
could be used. Every attempt should be made to
retain the complete title, since this increases the

cover Types,

amount of information available on the map.
However, in some cases the vegetation within a
map category may vary so widely that it is not pos-
sible 10 use the nomenclature syvstem at all. Par-
dally vegetated areas are often of this nature,

At small scales the system is not rigid. 1t simply
offers a means of describing tundra land cover as
consistently as possible. The system tor mapping
at small scales is stronghy rooted in the nomencla-
ture systems tor large-scale mapping in that there
18 @ natural nesting of nomenclature at four levels
(Table 1).

Mapping method

The mapping methods consisted of 1) acquiring
ground reference data from aerial photographs
and ficld observations, 2) preparing the land cover
classification from the digital Landsat data, and 3)
composing and printing the final colored map.
Computer-generated daia provided detailed area
summaries for cach map category. In addition, a
simplified, hand-drawn land cover map with poly-
gonal map category boundaries was prepared for
smaller-scale mapping programs.
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Ground reference data

Ground reference data for the project were
gathered during a USFWS-supported helicopter
survey, 12-17 August 1981, The survey was con-
centrated in four townships (Fig. 2) that included
the major landform features within the ANWR
study area. This information was supplemented
with extensive ground reference data gathered
from similar Alaskan arctic areas outside ANWR
during the past several years,

The field method consisted of locating large ho-
mogeneous areas of terrain on 1:60,000-scale, ae-
rial, color-intrared photographs and then describ-
ing (from the air) the vegetation (c¢.g. wet sedge
tundra; dwarl shrub, sedge tussock tundra; par-
tially vegetated) and the landform (e.g. low-cen-
tered polygon; strangmoor; water tracks). In par-
ticularly homogeneous areas that appeared 1o be
representative of common units, we took detailed
notes of the vegetation, site factors and soils.
Vegetation complexes were described it they were
extensive and were associated with distinctive
patterned-ground features. Each area was photo-
graphed from the air and the ground.

We spent most of the field time describing map
units from aircraft. This could be done readily,
since most of the vegetation and soils are similar
1o those we have encountered in other areas of
northern Alaska. This method allowed us to cover
as much terrain as possible with the limited
amount of helicopter support. We took detailed
notes regarding species composition in 35 stands
of vegetation. We hope that these data will be sup-
plemented with additional quantitative informa-
tion in future years and will be presented in a sepa-
rate report.

Computer classification
of the Landsat data

The methods employed for producing the land
cover classification from the Landsat data were
those available at the USGS Geographic Investiga-
tions Office at Ames Research Center, Moffett
Field, California (Morrissey and Ennis 1981).
Three Landsat scenes were used in this analysis.
The eastern two-thirds of the study area was cov-
ered by scene 22008-20420 (22 July 1980) acquired
from the Canada Center for Remote Sensing. The
remainder of the region was covered by scene
21633-20531 (13 July 1979), except for a small
wedge in the southwest corner, which was coveied
by scene 2570-20462 (14 August 1976). Each scene
had to be treated separately in the analysis to ac-
count for the variation in spectral response among
scenes and because of phenological changes in

vegetation from year to year. The manipulated re-
sults were later merged (o creale a land cover map
for the entire study area.

A clustering algorithm was used to define dis-
crete groups of pixels on the basis of their reflec-
tance in the four Landsat spectral bands. The
analyst selected the number of clusters based on
experience with similar Landsar data and on an es-
timate of the desired number of clusters in the fi-
nal classification, The numbers of clusters desig-
nated for this study were 28 for s¢ene 2570-20462,
35 for scene 21633-20531, and 31 for scene 22008-
20420. A systematic 10% sample of the pixels
from cach Landsat scene was used in the clustering
algorithm. This algorithm soris the Landsat data
into classes such that the pixels within cach class
are as similar 1o each other as possible and pixels
from different classes are as different from cach
other as possible. These clusters describe in statis-
tical terms (means and covariances) the spectral
properties of Landsat data (Swain 1972).

It was expected that these clusters would de-
scribe only general land cover units and not the
specific units desired. Therefore, the ground refer-
ence data were used to full advantage. Landsal
pixels from each of the four ground reference
areas were clustered separately. The resulting
clusters were used to define vegetation classes,
while the 10% sample was used to select clusters
represeniative of ice, water and barren land.

At this point some vegetation classes were still
not well defined by clusters. These were classes
that occurred rarely in the areas studied. It was
likely that there were not enough pixels containing
these vegetation types to allow them to be segre-
gated into distinct clusters; hence. they were ini-
tially included in spectrally similar clusters. To
handle these special cases, known occurrences
were defined and mapped from the ground refer-
ence information. Pixels from these locations were
then clustered independently, without considera-
tion of other classes in the area, to produce sharp-
er spectral classes.

Thus, a final set of clusters, as defined by spec-
tral statistics, was produced for each scene. Each
pixel in the scene was assigned to a cluster using
discriminant function analysis to determine the
cluster to which the pixel had the greatest proba-
bility of belonging (Gaydos and Newland 1978).

By viewing the results on a color image display,
the analyst was able to enlarge small portions of
the Landsat scene. He could also view only the
pixels in a selected spectral class by assigning a col-
or to that class. He then identified the vegetation
in the spectral class based on field notes and high
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Figure 3. Cluster diagram for Scene No. 22008-20420, Bands S (red) and 6 (near IR). Each ellipse encloses 80% of the
pixels assigned 1o the respective cluster. The land cover designations and map colors indicate how the clusters were grouped in the

Jfinal classification.

resolution, color-infrared photography. This most
important interpretation step was aided immense-
ly by field experience.

Each cluster was interpreted and assigned to a
map category, i.e. one or more land cover units
represented by a single color on the map (Fig. 3).
Often several clusters were included in a single
map category. In some cases this was because a
map category included a number of land cover

units with different spectral properties (¢.g. water,
ice, barren and partially vegetated areas). in other
casey there were insufficient ground reference data
to define more categories.

The major units described are the ones that
could be distinguished during the time available
for interpretation in late 1981. We hope that the
dissimilar vegetation types now within some map
categories can be separated by breaking single




spectral classes into several clusters. Digital terrain
data are being used to help separate classes on the
basis of slope. Class consistency was a primary
goal. Care was taken to identify and resolve con-
flicts between the three Landsat scenes as the final
12 map categories were developed.

Colored map preparation

Geometric correction. Ground control points,
i.e. surface features identifiable both on 1:63,360-
scale topographic maps and in the Landsat data,
were selected for computing the parameters need-
ed for geometric correction of the Landsar data
and registration to a Universal Transverse Merca-
tor (UTM) projection. About 30 well-distributed
control points were selected for each scene. These
points were located on USGS 1:63,360-scale topo-
graphic maps and on gray-scale line-printer maps
produced from the Landsat data at a scale of ap-
proximately i:24,000. The points were used to de-
fine second-order, least-squares polynomial trans-
formation equations relating latitude and fongi-
tude on the maps to row and column positions on
the Landsat scenes. The coefficients in the polyno-
mial eguation were used for correcting each scene
to a UTM projection (Zone 6). The geometric cor-
rection resulted in pixels that were SO meters on a
side.

Scene mosaic. Once the data were corrected to a
common base, a single data set was formed from
the mosaic of the three scenes. Common tig-points
were identified where the scenes overlapped, and
they were used to set mosaic parameters. The re-
sulting mosaic of the classified scenes showed no
apparent scene boundaries, This is a good qualita-
tive indicator of the Landsat classification process
and the consistency of the spectral class descrip-
tions,

Data generalization. The original pixel data had
a *'salt and pepper’’ appearance, with many iso-

lated pixels in otherwise homogeneous arcas of

color. This detracted from the appearance of the
map without adding much information at the
1:250,000 scale. Thus, it was desirable to genera-
lize the Landsat pixel data for cartographic pre-
sentation.

Accordingly the data were filtered in an attempt
to remove tliny occurrences of map categories one
or two pixels in size. The filtering was done by sys-
tematically moving a 3-»3-pixel window across
the classified data. In the first round the center
pixel (the one being considered for reclassifica-
tion) was assigned a weight of 4, while its adjacen
neighbors, both horizontally and vertically, were
assigned weights of 2, and the pixels on the diag-

onal were assigned weights of 1. Each map cate-
gory showing in the window was rated by adding
the weights, and the pixel in question (the center
pixel of the group of 9) was assigned to the map
category with the highest rating. The window was
then moved to the next pixei. This 4-2-1 smooth-
ing process eliminated many isolated pixels while
preserving the shape of the remaining units. A se-
cond round of filtering was performed on the re-
sults from the first with a 2-1-1 smoothing, elimi-
nating more single pixels and creating more homo-
geneous map areas.

Base muap. A base map for the final, colored,
Landsat-derived land cover map was compiled
from a mosaic of the four USGS 1:250,000-scale
quadrangles (Flaxman lsland, Barter Island, Mt.
Michelson and Demarcation Point). Projection in-
tormation, township boundaries, and geographic
names within the ANWR study area are on this
map. This base map also contains the land cover
unit descriptions and information on how the map
was prepared.

Printing. A tape of the Landsat data was used
to drive a large-format laser plotter to generate
four color-separation plates (yellow, cyan, magen-
ta and black) at 1:250,000 scale. Each pixel was re-
produced as a matrix of 16 dots to reproduce the
desired pattern for each color. Each 50-m pixel
was plotted at 200-um spot size to achieve the
1:250,000 scale.

The color-separation plates were registered to
the base map and used to prepare the Landsat lith-
ographs by a color additive process. The final
map, ‘‘Vegetation and Land Cover. Arclic Na-
tional Wildlife Refuge, Coasial Plain, Alaska.”
by W. Acevedo, D.A. Walker, L. Gavdos, and .
Wray is available from the U.S. Geological Survey
as Map 1-1443 and is included in this report as
Plate 1.

Area summaries

The arcas covered by cach of the 12 map cate-
gorics were calculated using a counting algorithm.
Data were generated for the arcas within three sets
of boundaries: 1) the entire ANWR study area, 2)
the 89 townships within the study area, and 3) the
boundarics of the regional terrain types (see the
second part of this report, which describes the ma-
jor terrain types). This was accomplished by digi-
tizing the respective boundaries, registering the
boundarics to the Landsat land cover map, and
applying the counting algorithm. The area sum-
maries were caleulated prior to filtering for map
generalization.

- .




Simplified land cover map

A more generalized map was prepared at the re-
quest of USFWS. This map was derived from an
earlier unfiltered version of the Landsat-derived
land cover map, which contained more isolated
pixels than appear on Plate 1. Polygons were
drawn around large areas with similar dominant
land cover. This map (Plate 2) is useful as input to
small-scale regional or state-wide mapping pro-
grams. One place where this map is being used ef-
fectively is in the 1:250,000-scale geographic infor-
mation system of the North Slope Borough. Since
the map information is in polygon format instead
of pixels, the map lends itself better to incorpora-
tion into the Integrated Terrain Unit Mapping ap-
proach that the Borough is using (Environmental
Systems Research Institute 1982).

Results

Land cover maps

The Landsat-derived land cover map (Plate 1)
has 12 map categories, which are briefly described
in the map legend and are explained more fully in
Appendix A. Several of the colors represent more
than one land cover category. For example, dark
blue represents three land cover types: Pond/
Sedge Tundra Complex, Aquatic Tundra or shal-
low water. In most cases the land cover types with-
in a single map category are not radically differ-
ent. The exception is the light-green category (Unit
1V), which may represent Dry Prostrate Shrub,
Forb Tundra (Dryas river terraces) or Moist/Wet
Sedge Tundra Complex. These units have also
proved difficult to separate in Landsat studies in
the National Petroleum Reserve in Alaska.* Pho-
tographs of most of the major land cover units are
included in the second part of this report.

A thorough field check was conducted in the
summer of 1982. The initial impression is that the
map is very accurate and that there are no major
problems with the classification. A full report of
the field check and statistical analysis will be made
separately.

Area summaries

The acreages and percentages for each map cat-
egory are given in Appendix B. Table B1 contains
acreage summaries for the entire ANWR study
area. Table B2 contains the data for each terrain
type. The sum of the areas for all map categories

*Personal communication with Paula Krebs, Bureau of Land
Management, Anchorage, Alaska.

in the five terrain types listed in Table B2 is
1,556,830 acres, and the sum for all map categor-
ies in Table Bl is 1,640,626 acres. The difference
of 83,796 acres is the amount of ocean within the
ANWR study area. Table B3 contains the data for
each of the 89 townships within the study area.

Discussion

We see an urgent need for tundra map legends
that are compatible at large and small scales; the
ultimate goal is a comprehensive mapping system
that can be used both for the broad picture and for
detailed site-specific studies.

In the past ten years we have mapped many
areas of the Alaskan Arctic Coastal Plain and
have experimented with various map legends, pri-
marily at the scale of 1:6000 (Walker 1977, Walker
and Webber 1980, Walker et al. 1980, Sohio Pet-
roleum Co. 1981). The mapping system described
here has been designed to provide vegetation in-
formation for composite mapping approaches
such as geobotanical master maps (Everett et al.
1978, Walker et al. 1980) or the Integrated Terrain
Unit mapping approach (Environmental Systems
Research Institute 1982), where additional charac-
teristics of the landscape, such as soils, landforms
and slopes, are also mapped. Our system has the
advantage that it contains only vegetation infor-
mation and is independent of soil, landform,
altitude, etc. Purists may want to separate the site-
moisture descriptor, since this is a characteristic of
the site; this is easy to do because it always appears
in the same part of the vegetation titles.

Plentiful detailed ground reference data are the
key to the success of any Landsat mapping pro-
gram. The mapping system and legend described
here is a ‘‘from-the-ground-up’’ approach, with
its foundation in very detailed mapping programs
that rely on large amounts of accurate ground re-
ference data (Walker et al. 1980, Walker and
Webber 1980).

Vegetation classification in Alaska is in a state
of healthy turmoil. Several schemes are currently
being applied to Alaskan tundra. Probably none
of these will gain universal acceptance, but it is
safe to say that they will all contribute in some
way to a final statewide system. The current lack
of a classification applicable to all Alaskan arctic
tundra has prompted the development of the sys-
tem described here. However, our system adds to
the profusion of mapping approaches. Appendix
C cross-references this system to six other major
systems, showing the equivalent units in two other
remote-sensor land cover classifications (Ander-
son et al. 1976, Nodler and LaPerriere 1977), two
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wetland classifications (Bergman et al. 1977, Cow-
ardin et al. 1979) and (wo vegetation classitica-
tions (Viereck et al. 1981, UNESCO 1973).

The ANWR mapping project was pertectly suit-
ed for the application of modern technology using
Landsat multispectral scanner data and advanced
cartographic techniques. A high-quality, publisha-
ble map of the ANWR study area was produced
within eight months of the beginning of the pro-
ject. The map is a valuable reference for cvaluat-
ing the potential impact of seismic operations
within the wildlife refuge. The results can also be
used as a basis for more detailed habital studies.
Since the data are in digital format, the map can
be casily used in geographic information systems.
The area measurements are most useful for the en-
vironmental descriptions of the major terrain
types, and will also be useful for future studies
within township-sized areas.

The current legend system is still being perfect-
ed, but it answers an immediate need for a tundra
classification by meeting the following criteria:

1) The system is applicable 10 both large- and
small-scale mapping.

2) I consistently applies the same criteria to all
community names.

3) 1t has a consistent method of naming vegeta-
tion complexes.

4) It is well suited for specific application to
Landsal multispectral scanner data.

DESCRIPTION OF THE
ANWR STUDY AREA

General description

Physiography

The study area covers 5700 km? of the Arctic
Slope north of 69°34 . 1t lies between the Canning
and Aichilik rivers (142-146 °W), and is contained
within the White Hills section of the Arctic Coasi-
al Plain physiographic province defined by Wahr-
haftig (1965). The terrain is, for the most part, hilly
and dissected by numerous streams that originate
in the Sadlerochit, Romanzof and Franklin moun-
tains of the Brooks Range.

The coastal area includes a chain of barrier is-
lands that form the seaward limit of the ANWR
study area. The coastline itself is irregular and
contains many small bays, lagoons and spits. Ex-
tensive mud flats are associated with the Canning,
Hulahula, Okpilak and Jago deltas. Most of the
coastline is low lying, with only small bluffs less
than 3 m high. At Camden Bay, where the land

rises more steeply from the sea, there are blulfs up
1o 8 m high.

Along the coast there are small areas ot flat
coastal plain with oriented thaw lakes similar 10
the terrain of the Teshekpuk Lake section in the
western part of the Arctic Coastal Plain (Wah -
haftig 1965). Most of the coastal plain within
ANWR is gently rolling, with many small lakes
and wet terrain mixed with small arcas of uplands.
Stream drainage patierns in the hilly coastal plains
ate better developed than in the flat thaw-lake
plains, and the lake basins are contained between
intervening small tidges and terrain irregularities.
Hilly coastal-plain terrain is common between the
Hulahula River and Pokok Bay, and stretches tor
about 35 km inland, where the true toothills be-
gin.

The foothills occur west of the Hulahula River
to the Canning and extend across the entire south-
ern portion of the stedy area, with maximum ele-
vations of about 360 m. A small amount of moun-
tuinous terrain, reaching an elevation of 975 m,
oceurs in the vicinity of Sadlerochit Spring.

There arc many river systems. The Canning,
lamayariak, Katakturuk, Sadlerochit, Hulahula,
lago and Aichilik rivers have braided drainages
and deltas that collectively cover a large portion of
the ANWR study area.

Climare

The only regularly collected climatic data within
the study area are from Barter Island (Table 2).
This station lies within a belt of strong coastal in-
fluence. In summer it has fog about 25% of the
time, and the mean July temperature is only about
5°C. These conditions only occur in a small por-
tion of the study area, however. The inland por-
tions experience higher summer temperatures;
however, our observations during 1981 indicate
that the inland areas are somewhat colder and wel-
ter than areas at a similar distance from the sea in
the Prudhoe Bay region (Haugen and Brown
1980), probably because of the higher elevations in
ANWR.

Soils

Nearly the entire study arca falls within the
Coastal Plain Land Resource Region defined in
the Exploratory Soil Survey of Alaska (Rieger et
al. 1979). Within this region the survey recogniszed
two soil associations (i.c. *‘segments of the land-
scape with distinctive topographic and soil pat-
terns'’): 1) Pergelic Cryaquolls-Histic Pergelic
Cryaquepts, with loamy-lextured mineral compo-
nents occurring on nearly level to rolling topogra-




Table 2. Temperature, wind and precipitation data for Barter
Island, Alaska (70°08 'N, 143°35'W, 12 m elevation). (From
Searby 11968] and Brower et al. |1977].)

HWind thm hryt

Temperature ( ()* Precipuianion®®

Month Mun. Min. Meun Principal direction (1)
Jan 232 RV 27 219w 10.2
beb 282 22 287 22.3W &9
Mar 2.1 0.1 26.1 217w sa
Apt 13.0 216 17.3 19.0L: 4.3
May 14 9.2 6.3 19.5E 6.4
lune 1y 1.5 1.2 18.0F 13,0
July R.6 1.7 §2 16.9L 224
Aug 73 1.5 4.4 18.4L 26.7
Sep 2.2 2 0.1 21.0L 23y
Ol s.2 113 8.2 22 8k 21.3
Nos 14.2 21.2 1°.7 24.3F 10.2
Dec 19.8 »a 23.6 22.6M 74
Annual R.7 15.3 12.0 24.1k 159 .8
¢ Highest —25.6 C, Lowest— 50 (.
' Highest-- 149 Am hs,
** Mean annual snowiail— 1158 cm,
phy and 2) Pereelic Cryaquepts, with very gravelly Vegetation

mincral components occurring on nearly level top-
ography . * The Fisst unit occurs on the broad foot-
hills and the coastal plain, and the second oceurs
on the braided 1iver vallevs and their associated
tertaces and deltas.,

The only regional soil surveys for areas north of
the Brooks Range are those describing the Prud-
hoe Bay production area and the Ogotoruk Creck
watershed (Holowaychuk et al. 1966, Everett
1980b, Everett and Brown 1982). Brown (1962,
1966, 1969) developed a soils and landform map
for approximately 19 km® in the Okpilak River
area and described soils between the Jago and Hu-
lahula rivers. In general the soils of the flat thaw-
lake plains are similar to those described for the
Prudhoe Bay region (Everett and Parkinson 1977,
Parkinson 1978, Everett 1980b) and Barrow
(Drew 1957, Drew and Tedrow 1957, 1961, Ger-
sper et al. 1980). The soils of the Arctic Foothills
have been described in detail by Tedrow (1977)
and Everett (1981). In the route selection studies
for the Alaskan Arctic Gas Study Company in
1974, Janz (Hettinger and Janz 1974) described
several soils from the foothills near the Kongakut,
Aichilik and Okerokovik rivers and from the
flood plain of the Canning River.

*The soil terminofogy follows the U.S. Soil Taxonomy (Soil
Survey Staff 1975). Appendix D gives a bricf explanation of
this system.
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The general character of Alaskan arctic vegeta-
tion has been thoroughly described by Britton
(1957), Spetzman (1959) and Wiggins and Thomas
(1962). The Arctic Foothills and Arctic Coastal
Plain of northern Alaska are in the Tundra region
of the Arctic as defined by Aleksandrova (1980).
In this region, mesic habitats are mostly complete-
ly covered with low-growing plants, such as
sedges, grasses, mosses, lichens, small herbs and
dwarf shrubs. Taller shrubs are restricted to areas
with protected southern exposures, where the
amount of solar radiation is maximized. On the
1:2,500,000-scale major-ecosystem map of Alaska
(Joint Federal-State Land Use Planning Commis-
sion for Alaska 1973) most of the study area is
mapped as Moist Tundra, with several small areas
dominated by Wet Tundra and with High Shrub
occurring along the streams.

Detailed vegetation studies in the Arctic Coastal
Plain of Alaska include those at Barrow (Tieszen
1978, Brown et al. 1980), Fish Creek (Lawson et
al. 1978), Atkasook (Komdrkovd and Webber
1980) and Prudhoe Bay (Walker et al. 1980, Walk-
er 1981). Major studies in the foothills include
those at Franklin Bluffs (Koranda 1960), Umiat
(Churchill 1955), Cape Thompson (Johnson et al.
1966) and the Seward Peninsula (Sigafoos 1952,
Racine 1975, Racine and Anderson 1979). Vegeta-
tion on arctic flood plains has been described by
Bliss and Cantlon (1957) and Spetzman (1959).
There are also a few vegetation studies from




within the ANWR study area (Nodler and LaPer-
riere 1977, Oldemeyer et al. 1978, Murray 1980,
Machilda and Oldemeyer 1980, Weiler 1980,
Meyers 1981, Robus 1981). Much of the recent
work in ANWR is related to USFWS habitat stud-
ies for caribou, muskox and waterfowl. The most
extensive work from within the study area is that
of Hettinger (Hettinger and Janz 1974), who de-
scribed several vegetation types in the foothills
rear the Aichilik and Kongakut rivers and along
the Canning River as part of the biological studies
of the proposed Arctic Gas Pipeline route.

Descriptions of specific
terrain types

Within the ANWR study area, there are five
major terrain types that can be defined on the ba-
sis of dominant landforms: flat thaw-lake plains,
hilly coastal plains, foothills, mountainous terrain
and river flood plains. These are treated as distinct
ecological entities with representative suites of
landforms, soils and vegetation. The boundaries
of the terrain types (Fig. 2) were drawn from a
base consisting of a combination of the Landsat-
derived land cover map (Plate 1) and the USGS
1:250,000-scale topographic maps. The primary
landforms are easy to interpret on 1:60,000-scale
aerial photographs. The following geobotanical
summaries are based on the field work during
August 1981, the results of the planimetry analysis

(Table B2) and observations from other similar
areas in northern Alaska.

Appendix E summarizes the dominant land cov-
er units, landforms, soils and vegetation terrain
types. The table, which can be used to compare
regions, condenses much of the information pre-
sented here. It also contains more specific infor-
mation about the dominant plant communities
within the various land cover units.

Flat thaw-lake plains

Landforms and soils. The proximity of the Ro-
manzof and Sadlerochit mountains to the coast re-
sults in a much narrower coastal plain than is
found farther west, such as along the Trans-
Alaska Pipeline and in the National Petroleum
Reserve in Alaska. In ANWR, typical coastal-
plain topography, with large, oriented thaw lakes,
drained-lake basins and expanses of low-centered
ice-wedge polygons, is found only in a few small
areas, primarily near the flat, braided delias of
rivers (Fig. 4). This topography is best developed
in the delta of the Canning River and for some
12-15 km eastward in a narrow coastal belt, as
well as in a small area southwest of Barter Island.
Flat thaw-lake plains compose only about 3% of
the study area.

The thaw-lake plains appear to be remnants of a
plain that was once more extensive. They are topo-
graphically similar to the plains east of the Can-

Figure 4. Flat thaw-lake terrain in the delta of the C anning River. The lukes
here show only weak orientation.
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Figure 7. Unit 11l, Wer Sedge Tundra. The areus beiween lukes and ponds are
mostlv wer sedee tundra. The entire area is contained within a farge, partiafiy drained
luke basin with disjunct rims and strang features. The interpond areas contain about
200y menst tundra on the strangs and higher microsites.

ning River, being compssed of more than 30%
water, mostly in small (generally <260 ha), shal-
low, elliptical, oriented lakes. The areas between
the lakes are poorly drained as a result of a very
low surface hydrologic gradient and a thin active
layer. Some microrelief is nearly always present,
usually in the form of low-centered nonorthogon-
al polygons, strangmoor or low-centered polygons
with pond complexes (Fig. 5).

The area is underlain by ice-rich permafrost at
depths of about 40 cm. Except for polygon rims
and slightly elevated microsites, the perched water
table is very close to or slightly above the soil sur-
face for most or all of the thaw period. Fibrous
Histic Pergelic Cryaquepts (Fig. 6) or occasionally
Histic Pergelic Cryaquolls and Pergelic Crya-
quepts are common in the wet and very wet areas.
Pergelic Cryaquolls occur on the mesic polygon
rims. The soils are mostly neutral to slightly alka-
line, even the saline fibrous Histic Pergelic Crya-
quepts and Cryohemists along the coast.

Vegetation. The vegetation of the thaw-lake
plains is similar to that described at Barrow (Brit-
ton 1957, Walker 1977, Tieszen 1978, Brown et al.
1980), Atkasook (Komdrkovd and Webber 1980),
Fish Creek (Lawson et al. 1978) and Prudhoe Bay
(Webber and Walker 1975, Walker et al. 1980,
Walker 1981). The dominant Landsat map cate-
gories (Plate 1, App. A) are Wet Sedge Tundra
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(46% cover) (Fig. 7, Land Cover Unit III), Water
(19.5% cover), Moist/Wet Sedge Tundra Com-
plex (12.6% cover) (Figs. 8 and 9, Land Cover
Unit IV), Aquatic Tundra and Pond/Sedge Tun-
dra Complex (8.4% cover) (Figs. 10 and 11, Land-
Cover Unit I1). Elevation differences of less than
0.5 m are major influences on the distribution of
communities. Microtopography associated with
the rims, basins and troughs of ice-wedge poly-
gons creates distinct patterns of plant communi-
ties (Wiggins 1951, Britton 1957, Cantlon 1961,
Walker 1981).

The patterns of plant succession in the flat
thaw-lake plains are intimately linked to the ori-
ented thaw-lake cycle (Hopkins 1949, Britton
1957, Carson and Hussey 1962, Billings and Peter-
son 1980, Everett 1980a). Although much has
been written about thaw-lake mechanisms, the cy-
cle and successional patterns are still incompletely
understood (Mackay 1963). Probably the biggest
questions concern the time scale, i.e. how long the
cycle takes to operate and how long the present,
wet, coastal-plain environment has existed.

A steep summer temperature gradient is of pri-
mary importance with respect to vegetation near
the coast. Data from Prudhoe Bay and the Trans-
Alaska Pipeline show that the mean July tempera-
tures at the coast are within a few degrees of freez-
ing due to the ice-covered Beaufort Sea. More




Figure 8. Unit 1Va, Moist Wer Sedge Tundra Complex. In this example the
complex consists of about equal parts wet and moist (undra.

Figure 9. Ground view of Moist/ Wet Sedge Tundra Complex. The relatively
well drained area in the foreground has a diverse flora with sedges. prosirate willows,
herbs and lichens, while the wetter areas (the darker parches with cottongrass) have
mainly sedges and mosses.
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Figure 10. Unir Ha, Pond Sedge Tundra Complex, Tias examiple shows punids
and aquatic communities in the basins of low-centered polveons, and Mot Sedee,
Prostrate Shrub Tundra on the polveon runs.

Figure 11. Unit I1h, Aquatic Tundra. The circular cliumps of vegetation are imainly
aquatic sedge (Carex aquatilis). The darker areas between clumps are pendant grass
(Arctophila fulva).




Figure 12, Unit 1d, Wer Sedge Tundra (saline facies). This area i the delta of
the Katah turuk River s donumnated by Hoppaer sedee (Cares subspathacea) and creep-
myg alhaft grass (Puccinetlia phryganodes). The sedds are safime (Halic Histe Pergelic
Crvaquepts).

moderate temperatures are found inland (Conover
1960, Cantlon 1961, Haugen and Brown 1980,
Walker 1981). Low summer temperatures and low
levels of summer solar radiation associated with
coastal fog are primarily responsible for a distinc-
tive band of coastal vegetation that has few shrub
species, limited tussock formation, reduced moss
and lichen growth, and fewer species in the total
flora (Cantlon 1961, Clebsch and Shanks 1968,
Walker 1981). This band of coastal tundra, which
Cantion (1961) termed “‘littoral tundra,’’ lies
north of the 7°C mean July isotherm. Worldwide,
this zone is equivalent to the arctic subregion of
Aleksandrova’s (1980) Tundra region. Near Bar-
row the coastal strip is about 100 km wide; at
Prudhoe Bay it is about 25 km wide. Within
ANWR the littoral band and the coastal plain in
general are narrower, and the coastal temperature
gradient is more compressed.

Along the northern limit of the littoral tundra
band, there is a narrow strip of vegetation that is
associated with the saline soils found immediately
adjacent to the coast. This area is affected by
wind-blown salt spray and occasional storm surges
that flood large areas of inland tundra. Taylor
(1981) divided this shoreline vegetation into six
habitat types: tidal salt marsh (Fig. 12), upper-
storm-zone salt marsh, gravelly beach, raised
bench, coastal dunes and coastal bluffs. Coastal
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vegetation in northern Alaska has been described
by Jefferies (1977), Taylor (1981) and Walker
(1981). Within ANWR it has been studied by Mey-
ers (1981) in the Beaufort Lagoon area.

The immediate coastal areas are characterized
by sand and gravel beaches, spits and bars. These
features compose only a small percentage of the
study area but are locally important for the nu-
merous birds that use them. Vegetation is sparse
due to the very unstable substrate. A few species,
such as sea purslane (Honckenva peploides),
oyster leaf (Mertensia maritima) and common
scurvy grass (Cochlearia officinalis), grow on
slightly protected beach gravels. Barter Island is
mostly covered with tundra, which is a remnaat
from when the island was part of the mainland.
The other islands, however, are barrier islands
that were never part of the mainland.

Hilly coastal plains

Landforms and soils. Hilly coastal plains cover
22% of the study area. Stretching inland between
the Hulahula and Jago rivers is a complex region
of gently undulating tundra with small thaw lakes
and pond complexes. This area is quite different
from the flat coastal plains. Stream drainages are
better defined, and large expanses of well-drained
terrain border many of the streams.

East of the Hulahula River, particularly be-




Figure 13. Vertical aerial photograph (scale 118,000 of gentlv rolling coascal-placee terrain or the vicruiye of

the Niguanuk River, southeast of Burter Island. Numerous upland surtaces are orented it an cast- west direction i

relief assoctated with these featires is less than 10 m. Nove the farge mumber of thermokarst pris on the uplatid surtaces, i
dicating high amounes of vround we. (CSEWS photo, 8 August 1981, Photo no. THS 8TIS 9 587
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tween the Okpilak and Jago rivers and between
the Niguanak and Sikrelurak rivers (Plate 1), there
are many slightly elevated ridges and depressions
that parallel the coast (Fig. 13): most have less
than 10 m of relief contrast. The origin of these
ridges is uncertain. On aerial photographs they ap-
pear 1o be either dunes or beach terraces from past
marine transgressions. In 1982 a brietf check of
these teatures showed that they contain gravelly
soils, so they could not be dunes. They may be ex-
pressions of the underlying geologic stratigraphy,
as are those found in the foothills. The ridges oc-
cur up to elevations of 200 m on the northern
flank of the foothills. Flat areas between the
ridges contain complexes of wet and moist tundra
associated with poorly developed  ice-wedge
polygons,

Some areas, such as those along the western side
of the Niguanak River and in the coastal area just
south of Pokok Bay, have hillier terrain with well-
developed drainages. The vegetation and land-
forms closely resemble those of the foothills (de-
scribed in the next section), except that the hills
are less steep and thermokarst pits are more exten-
sive on the broad hill crests. Elevations in the re-
gion rise gradually from near 30 m to about 100
m,
The soils on the ridges and gently sloping areas
are similar to those in the foothills terrain type,

while soils in the depressions resemble those of the
flat thaw-lake plains. The gently sloping (5% or
less) interfluves mostly have moist tussock tundra
with Nat-centered polygons. Frost scars occupy up
10 30% of most surfaces and have Pergelic Crya-
quept soils with loam and fine sandy loam tex-
tures. The soils between the frost scars are Pergelic
Cryaquolls, commonly with 1-12 ¢m of sapric, or-
ganic-rich material as a surface horizon overlving
mineral soil with a loam, or occasionally a silt
loam, texture. In August the active layer is 35-48
cm deep. A water table does not develop in the
polygon centers but may develop in the narrow
troughs between polygons, where the soils are (fib-
ric) Histic Pergelic Cryaquepts.

Vegetation. The vegetation, like the landforms
and sotls, is a mix of that of the flat thaw-lake
plains and that of the foothills. The vegetation on
the low ridges is mainly moist sedge tundra that
may or may not contain cottongrass tussocks. The
dominant land cover categories (App. A) are
Moist Sedge, Prostrate Shrub Tundra and Moist
Sedge/Barren Tundra Complex (Land Cover Unit
V). The latter category is associated mainly with
trost-scar terrain (Fig. 14, Land Cover Unit Vb).
This unit covers 37.6% of the hilly coastal plain.
Moist/Wet Sedge Tundra Complex is also im-
portant, covering 33.5% of the hilly coastal

Figure 14. Unit Vb, Moist Sedge/Barren Tundra Complex (frost-scar tundra).
This is a typical frost-scar area on a gentle slope. Note the lack of cotrongrass tussocks
and dwarf shrubs. The vegetation berween frost scars consists mainly of Bigelow 's sedge
(Carex bigelowi), arctic avens (Dryas integrifolia), wide-leafed arctugrostis (Arcla-
grostis latifolia), the moss Tomenthypnum nitens and numerous fruticose lichens.
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Figure 16, Discontinuous gravel outcrop in the foothills.
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Freure 170 Toothidls werrain wirh and Cover Unmir 1Va, Mot Wer Sedqee
Lundra Complex. Note the thermokarst pos. The dark aieas are rased o tat
centered polveons with Pereclic Crvaguoll soils,
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Ficure 18, Foothills soils. The swer areas have (tibricr Hisne Pereelic Crvaguolis
and or (fibricy Histie Pereelic Crvaguepis,

to those in the White Hills and Franklin Blufis. thie. 23 here the coastal plun s abour 40 km
The Tamavariah River, the Katahturuk River, wide. Another 20 km of toothills exiend to the e
NMarsh Creek, Canter Creek, Ltkabvasiak Creck and tuge boundany.

the Sadlerochit River are the main drainages. 1ast The crests of the hills can cither be smoothh
of 1the Sadlerochit River the foothills e farther rounded o have comples patterns ot souds and
from the coast. The widest part of the coastal croscade landtorms (Fies, 17 and 18, such as
plam i ANWR i in the vicinity of the Jago River tassock-covered  Hat-centered  polveons unia
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Figure 19. Unit Ve, Moist Sedge Tussock, Dwarf Shrub Wet Dwarf Shrub
Tundra Complex (Water track complex). The dramnage channels are domnated by
dwarf shrubs, mainly diamond-teafed willow (Salix planifolia ssp. pulchra) andg dwary
birch (Betula nana ssp. exilis).

posed with patternless areas, strangmoor and low-
centered polygons. Thermokarst pits are common
and indicate substantial amounts of wedge ice.
The better-drained elements of the hill crests have
Pergelic Cryaquolls or Histic Cryaquolls with he-
mic- or sapric-textured organic horizons overlying
dark-colored, organic-rich mineral material.
Cryaquepts occur in frost scars, which may oc-
cupy up to 40% of the surface. Mineral horizons
of both soils are loams or fine sandy loams with
variable amounts of pebbles. The active layer
ranges from about 30 cm thick beneath the
Aquolls to more than 60 cm thick beneath the
Aquepts. A water table is absent or well below the
surface. The wet areas commonly have Histic
(>20 cm of fibrous organic material) Pergelic
Cryaquolls or, if the colors and organic carbon
content below the histic epipedon do not conform
to the criteria for a mollic epipedon, Histic Crya-
quepts. In either case a water table occurs at or
above the surface, and the active layer is between
40 and 45 cm deep. In the wettest areas there is
enough buoyancy in the fibrous, organic, root-
rich mat so that its true thickness is difficult to de-
termine.

The hill slopes are generally greater than 5%
and are covered with cottongrass tussocks. Areas
referred to as water tracks (or ‘‘horsetail drain-
ages’’ [Cantlon 1961]) are shallow channels that
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conduct snow meltwater and subsurface water
during the thaw season. Parallel and sub-paralliel
water tracks are commonly present, giving the
topography a ribbed appearance (Fig. 19). Strang-
moor is often found in the channels, suggesting
slow mass movement of the saturated soil. Wil-
lows and birches are concentrated in these fea-
tures. The inter-water-track areas are tens to hun-
dreds of meters wide, with relief from 0.15 0 I m
above the track. The water track portion of the
slope presents a relatively smooth and graded
cross section. Polygonal outlines are usually not
apparent, although ice wedges may still be exten-
sive beneath the slopes. The soils are Pergelic Cry-
aquolls or Pergelic and Histic Pergelic Cryaquepts
(Fig. 20). In most cases, 4-15 cm of Hemic c¢r Sap-
ric organic matter overlie mineral material, vhich
is often mixed with organic materials. The active
layer thicknesses range from 30 to 50 cm. The
presence of a water table is uncommon. Within
the water tracks, Histic Pergelic Cryaquepts are
the most common soils. The active layer depths
range from 40 to 50 cm, and a water table is al-
most always present, commonly within 10 cm of
the surface.

Frost scars are almost always a component of
tussock tundra and can compose up to 50% of a
given surface, with anywhere from a few percent
to 75% showing some activity (i.e. having bare
mineral soil exposed). Where slope breaks occur,

o e er——————— e




Frgure 20, Souls of the water track areas showing a complex pedon (excludime
the rssock elementy ovprcal of such weeram (Pergelic Crvaquoll, letr; Perselic
Crvaquepd. center: and Hisne Pergelic Crvaquoll, right).

Figure 21. Frost-scar terrain in the foothills.

both the density and the activity of frost scars
commonly increase (Fig. 21): in these cases
65-80% of the surface may be composed of active
frost scars. Frost-scar soils (Fig. 22) are composed
of grayish brown, usually mottled, sandy-textured
mineral material. Under the present taxonomic
system, the soil pedon is considered a Ruptic-
Aqueptic Cryvaquoll.

Where bedrock is very close to the surface, as
shown in Figure 16, frost scars and. or patterned
barren gravel may compose 70-80% of the sur-
face. Because these surfaces are exposed, snow
cover is thin or absent, and abrasion by blowing
snow may be severe. However, well-developed
soils may occur bencath stable microsites. The
soils are Pergelic (hithic) Cryumbrepis it sutficient




Figure 22.
Cryaquept and Histic Pergelic Crvaquoll. The soul com-
plex is designared Rupitic-Ennice Histic Pergehic Crvaquoll.

organic matter is present or Pergelic (lithic) Cryo-
chrepts if it is not. The active laver is greater than
I m deep. and ice volumes are generally low.

Solifluction forms, such as discontinuous stripes
of frost scars or lobes. are common downslope
from some outcrops and where slope breaks exceed
7-10%. This is due principally to the water add-d
by melting snowbanks. Microrelief is relatively
great. The high moisture environment and the mi-
crorelief make such areas quite susceptible to ve-
hicular impacts.

Vegetation. The vegetation in the foothills is
predominantly Moist Sedge Tussock, Dwarf Shrub
Tundra (Fig. 23 and 24, Land Cover Unit V1),
which covers §3.8% of the foothills terrain type.
In some areas shrubs are dominant and the land
cover class is Moist Dwarf Shrub, Sedge Tussock
Tundra (Fig. 25, Land Cover Unit Vlla).

The vegetation in water tracks is often domi-
nated by dwarf shrubs, mainly dwarf birch (Berlu
nana) and diamond-leafed willow (Salix planifolia
ssp. pulchra). Land cover within water track com-
plexes is generally classed as Moist Sedge Tussock,
Dwarf Shrub/Wet Dwarf Shrub Tundra Complex
(water track complex) (Land Cover Unit V1i¢). A

Common soil pedon consisting of Pergelic

few steep, mainly south-facing slopes hanve well-
developed Shrub Tundra (Fig., 26, Land Cover
Unit VIID. Dense shrubs with a sedge understony
grow along many stream margins,

Tussock tundra can have a bewildering array of
subtypes that are difficult to classity. These are
refated to factors such as slope stability | soil mois-
ture, cryoturbation and successional history. The
effect of frost activity is of primary importance
(Hopkins and Sigatoos 195), Sigafoos 952,
Churchill 1955, Racine and  Anderson 1979).
Frost-scar tundra is widespread in the toothills, In
arcas with neutral or slighdy alkaline soils, this
has important implications for the vegetation. Up-
land tundra soils are normally acidic Jdue 1o thick
peat lavers and the accumulation of organic acids.,
Sphagmum moss, numerous ericaceous  shiubs,
and other bog species, such as cloudberty (Rubus
chamaemorus), are adapted o an acidic enviton-
ment. Where the soil is more alkaline, as in places
where frost stirring has brought alkaline parent
material to the surface, many ol these species are
replaced by a different suite of upland tundra
plants, including arctic avens (Drvas integrifolia).,
Bigelow's sedge (Carex bigelowi), woolv willow




Frowre 230 Uni Via, Moise Sedge Tussock, Dwart Shrub Tundra (Upland 1is-
sock tordra, acidic faciesy on footlidlls south of Camden Bav. The Ligize
codored upland surtuces are due to a spectacutar tloral display of cotionerass, The dark
ot dramages have Mot Sedee, Prosirate Shrad connmunities,
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Fivure 24. Cotongrass tussocks in Unit Ve This wur occurs on acidie sons. The
man shrubs are digmond-leafed willosw (Salin planifolia ssp. pulchia), dwart buch
(Betula nana ssp. exilis), hog blucherry (Vaccinium aliginosum) und mouniam cran-
herry (V. vitis-idaca).




Figure 25 Ut Vila, Moist Dwarl” Shrub, Sedge Tussock Tundra (Upland
dwarf-shrub, tussock tundra). This wni occurs on the least-distrbed upland sur-
fuces. The dwarf shrubs are domnani.

Figure 26. Unit VII, Shrub Twi:dra. This site is on a steep, south-fucing slope
of a rocky ridge near the Jugo K.ver.




(Sulix funata), the moss Tomenthvpnum nitens
and the grass Arcragrosas latitolia. Frost-scarn tun-
dra s most common on slopes and is pacticularly
common in the western part of the study area.

With the present T andsat map categories, it is
not possible to distinguish frost-sear tundia (L and
Cover Umit Vb)) from NMoist Sedee, Prostrate
Shrub Tundra (L and Cover Unit Va), However,
the fatter type oceurs along stream drainages nean
the coast, where tussocks and dwart shrubs are
not extensive.

The broad tops of gentle hills are usually stable
and have peat accumulations. The soils are conse-
quently acidic, supporting thick Sphagnwm peat
with cottongrass tussocks (Ertophorum vaginu-
runty and dwart shrubs, such as dwart birch (Beru-
la nuna), diamond-leated willow (Salix pluritolia
ssp. pulchra), Labrador tea (Ledim decumbens),
bog blucberry (Vaccinium uliginosum) and moun-
tain cranberry (V.ovits-iduea).

tast ot the Hulahula River there is i noticeable
boundary between Units Voand VI corresponding
approvimately to the break in slope between the
tlatter plains and the foothills (Plate 1) North ot
this boundary the soils are characteristically less
acidie than to the south. To the north, imesic sites
typically have cottongrass tussocks with basiphi-
lous taxa such as arctic avens (Drvas megritolia),
woolly willow (Sa/ixv lunaray, net-veined willow (8.
reticulaia) and purple mountain saxivage (Saxi-
fraca oppositifolia), with mosses such as Tomeni-

Ivinuom mtenis, Durichum flexicande, Disticlum
capultacewm, and Hylocomuon splendens. 1o the
south the secondary taxa normally are more acid-
iphilous and incluede the tasa mentioned in the pre-
ceding paragraph.,

Maweniainons terrain
Landiornes and soifs. Nountnous 1erram oy
cursan the viaany ot Sadlerochit Sprany and cas
nhy about 000300 of the study area (bigs. 27
and 280 s area o mostly above 600 moand s
underlam by quartzitic sandstones that compose
porhons of the Sadicrochit Mountams. These
darcas were not visited dunimg the 1981 1ield work,
Most of the comments here wie general and are
based onintormaton gathered trom <simylar arcas
west of the study arca, An idealized section ot
mountainous terrain is shown in Figure 29.
2idge crests have onby sporadic occurtences of
sols and vegetation, with compi. ground pat-
terns and rock land. The soils onridges are mamly
Pergetic Cryorthents, or Cryvambrepts (big. 0y if
the textures are fine enough, mined with frost fea-
tures. Upper, steeper portions of most alpine
stopes are mantled by seree or blocky talus. These
deposits commonly display block stripes and o1
block-bordered terraces. Iee commoniy fills the in-
terstices of the tiner cobble and gravel-sized frae-
ments below the large surface blocks. Pockets of
Pergelic Crvumbrepts, Crvochrepis, or on occa-
sion, Pergelic Cryvaquolls oceur in finer-testured

Figure 27. Mountainous terrain in the Sadlerochu Mountains. Apine tundra

(Unit LXD) occurs on the peaks and ridges.




Figure 28. Sadlerochit Spring. Many wunwsual plant connnunities are assoctared with
the spring.
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Figure 29. ldealized toposequence across Mountainous Terrain.

materials. Their presence and degree of develop-
ment indicate local stability or very slow move-
ment.

Downslope from the talus (Fig. 29), where the
vegetation cover is commonly complete and snow-
hanks develop, the slopes display a variety of soli-
fluction forms, including turf-banked terraces,
lobes and stripes. A complex of soils is found on
these slopes, including Pergelic or Histic Pergelic
Cryaquepts in wet depressions, Pergelic Crya-

quolls on somewhat better drained terraces or lobe
fronts, and occasionally, Pergelic Cryohemists or
Cryosaprists where slow deformation has pro-
duced tolded and overthickened organic horizons.
The active layer thickness on these slopes varies
vonsiderably, ranging from 70 ¢m or more in the
wetter areas to less than 30 ¢cm on some of the
better-drained microtopographic elements with
organic-rich soils. Where coarse, blocky talus un-
derlies the solifluction slope, moving water may




distribute mineral material over the surface ol
otherwise organic-rich soils. Solitluction slopes
are naturally unstable, with a complex ot perched
water tables and subsurtace drainage. They are
very susceptible 1o vehicle traftfic, which can pro-
duce mechanical and thermal erosion.

Vegerarion. The vegetation communities in al-
pine areas are complex and are interspersed with
unvegetated rock and talus slopes. The character
of the vegetated slopes varies considerably. Alpine
tloras are exceptionally diverse due 1o the wide
range of lithologies, soils, altitude, snow depths,
exposure 1o wind, and site moisture. The more
completely vegetated areas have extensive moss
mats with numerous small shrubs, such as moun-
tain avens (Drvas octopetala), prostrate willows
(e.g. Salix arctica, S. chamissonis, and S. phiebo-
phyvila) and small forbs (Land Cover Unit 1Xb;
Partially vegetated areas, Alpine wundra). There
are few detailed vegetation studies of the Brooks
Range; the most relevant is that of Batten (1977),
who described the vegetation of the Lake Peters
arca. On the Landsat classification, mountainous
areas are depicted as cither partially vegetated
(Land Cover Unit [Xb} or barren (Land Cover
Unit X).

River flood plains

Landforms and soils. This terrain type includes
the present channels and braided drainages as well
as the adjacent abandoned channels and deltas.

River flood plains cover 24.6% of the study area.
The present river flood plain consists of the active
channe! and usually one or more terraces (Fig. 31).
An idealized section across a river channel i
shown in Figure 32.

The major rivers within the study area have
braided channels ranging in width from about 0.1
to 4 km. The diamond-shaped islands between
channels are probably inundated at least sporadi-
cally in most years during the period of meltoft
(usually late May to early June). Two types of is-
lands are recognized. The first consists of unvege-
tated gravels and gravelly sands (or silts in the del-
ta region). These areas are flooded annually and
are subject (0 intensive water and ice scouring.
There is not any soil or vegetation on these fea-
tures, and they are described as river wash. The se-
cond type of island is somewhat higher above the
main channel. The soils consist of various thick-
nesses of silt, silt loam, loam and fine sandy loam
over gravel and gravelly sands. In the most stable
situations a thin Al horizon has developed, and
some mottling occurs in the fine sediments. The
active laver normally exceeds 1 m. The soils are
classified as Cryorthents. Most islands are com-
plexes of Crvorthents and river wash.

In a few cases, where fine sandy surface sedi-
ments have been reworked into low discontinuous
sand dunes, Cryopsamment soils occur, with thaw
depths in excess of 1 m. Sand dunes are, however,
rare in the study area and are confined mostly 10

Figure 30. Pergelic Crvumbrept soil. This soil is
common in alpine crest areas.




Figure 31. The Canning River. Such areds contain varied habitats including harren
und partially vegetated river gravels in the channel areas; willows and Dryas terrace
conmmunities are in the older channels 1o the right.

Moisture Status (%) W-wet, M-moist, D-dry

* Term is not currently recognized in U.S. Soil Taxonomy
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