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Executive Summary

The primary objective of this study was to classify and map soils and vegetation in the ecosystems of
Kenai Fjords National Park (KEFJ) in southcentral Alaska. Soil conditions strongly influence
vegetation composition, structure, and succession, hydrology, trace gas fluxes, and environmental
state-factors that affect the sensitivity of ecotypes (local-scale ecosystems) to landscape disturbance
and climate changes. Soil development is dynamically linked to a suite of physical, biological, and
climate processes that function over a continuum of spatial and temporal scales. We conducted an
ecological land survey (ELS) to collect soils, vegetation, and geomorphology data from a network of
486 field plots across KEFJ, and integrated the field data with an archive of contemporary and
historical Geographic Information System (GIS) and remote-sensing (RS) data pertaining to land-
cover, topography, and glacial history.

Glacial dynamics have played a dominant role in shaping the landscapes of KEFJ; nearly half of the
park remains occupied by the Harding Icefield, its outlet glaciers, and isolated alpine cirque glaciers.
Virtually all of today’s ice-free landscape has been glaciated at some point since the early
Pleistocene, from the long-deglaciated, partially-submerged ridges and cirques of the outer
peninsulas, to very young landscapes exposed by glacial retreat since the end of the Little Ice Age
(late nineteenth century). As a result of recent and ongoing glacial activity, soils are young and
poorly-developed across most of KEFJ; bedrock is often present at or near the surface. Soil
development is most advanced in the long-deglaciated outer fjordlands, where indicators of soil
development are common, including fine-textured mineral material (loam), heavy peat
accumulations, and the development of distinct soil horizons (spodosols).

To identify and map spatial patterns of soil landscape distribution, we partitioned KEFJ into
physiographic units that integrate key geomorphic processes, landscape history attributes, and the
environmental gradients controlling landform and soils development across KEFJ (e.g., coastal,
upland, alpine, glacial). We then identified the central tendencies and interrelationships of vegetation,
soils, and state-factors at field plots to classify ecotypes (local-scale ecosystems) that occur in
predictable patterns across the park. From the ecotypes, we classified and mapped soil landscapes—
groups of ecotypes that share similar soils and are related to one another through disturbance and
successional processes—hy assigning ecotype and soil landscape attributes to map polygons within
an existing land-cover map. The majority of non-glaciated landscapes correspond to four
physiographic classes: Upland (14.0% of park), Glacial (13.5%), Alpine (10.9%), and Subalpine
(9.9%). Within the Glacial physiographic class (deglaciated since the late nineteenth century), a
productive vegetation cover is often present but soils require a much longer time period to develop.
As a result, Entisols are typically the dominant soil class, characterized by organic mat thicknesses
that range from absent to thin (0—14 cm) and little to no diagnostic soil characteristics. Soil
development is also weak in steeply-sloping areas with active hillslope processes such as mass
wasting, landslides, and avalanche. Soils in more advanced stages of development do occur,
however, in stable landscape positions. In the Alpine physiography, the pace of soil development is
very slow because of low rates of plant productivity and organic decomposition. Loamy material
resulting from eolian deposition and weathering in situ can be retained in the soil profile, however,
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on stable sites that have remained ice-free for long periods of time. In the Subalpine physiography,
loams are frequently associated with concave landscape positions that accumulate deep snowpacks.
Loamy soils and spodic horizons also develop in old-growth forest ecotypes of the outer fjordlands.
Peat accumulation (paludification) is an important soil development process on bedrock-dominated
slopes, where the bedrock prevents the infiltration of the abundant rainfall, and the accumulation of
organic matter initiates feedbacks that promote saturated soil conditions and further organic buildup.
The ELS presented in this report describes and maps these, and other landform-vegetation-soils
relationships across KEFJ, and provides guidance on applying the ELS to support ongoing and future
research, monitoring, and management objectives related to the natural resources of KEFJ.
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Glossary

A-horizon—mineral soil horizon dominated by an accumulation of organic carbon related to high
amounts of fine root decomposition. Typically occurs at or near the soil surface where fine roots
from forbs and grasses are most abundant.

Acidic—soils with a pH value <5.5 in the upper 40 cm of the soil profile.
Alkaline—soils with a pH value >7.3 in the upper 40 cm of the soil profile.

Aluminum-Humus Complexes—soil particles formed from the binding of negatively charged
organic particles to positively charged aluminum ions.

Andic—unique properties of soils developing in volcanic ejecta (e.g., volcanic ash, pumice, cinders,
or lava) and/or volcaniclastic materials (e.g., lahar deposits) characterized by an abundance of
volcanic glass; a smeary, almost oily feel when rubbed between two fingers; and a low bulk density
(i.e., a given volume of soil feels lighter than it appears). See page 15 (Diagnostic Soil
Characteristics for Mineral Soils: Andic Soil Properties) in Soil Survey Staff (2010) for more details.

Ash—tephra deposits whose intermediate axis measures 2mm or less, which coincides with the size
class requirements for soil particles (Schoenberger and Wysocki 2002).

Brackish—soils with an electrical conductivity (EC) >800 p and <16,000 W in the upper 40 cm of
the soil profile.

Base Saturation—the relative availability of cations, calculated from cation exchange capacity.
Cations—ypositively charged soil particles (e.g., Ca, Mg, K, Na and H).

Cation Exchange Capacity—describes the holding capacity of a particular soil for positively-
charged elements (i.e., cations).

Chroma—a soil color characteristic related to the degree of color saturation as per the Munsell®
Soil Color Chart. Lower chroma soils colors are often indicative of the loss of soil materials from a
portion of the soil profile through translocation. Typically denoted in soil descriptions along with
Hue (primary color) and Value (degree of color lightness) as “Hue Value/Chroma”; e.g., I0YR 3/2.

Circum-acidic—soils with a pH value of approximately 5.6-6.6 in the upper 40 cm of the soil
surface.

Circum-alkaline—soils with a pH value of approximately 6.7—7.3 in the upper 40 cm of the soil
profile.

Circum-neutral—soils that span the pH range of circum-acidic and circum-alkaline (5.6-7.3).

Cryic—soil temperature regime that occurs in cold-temperate climates. Soils in the cryic temperature
regime have a mean annual soil temperature of 0—-8°C at 50 cm depth and do not have permafrost.

XXI



Cryoturbation—heaving and displacement of soils and rock fragments due to freeze-thaw
processes.

Disturbance Landscapes—Aggregations of ecotypes with similar disturbance pathways. The focus
of this effort was to aggregate similarities in disturbance regimes across physiography, soil and
vegetation classes.

Ecotype—Conceptually, ecotypes are local-scale ecosystems classified by aggregating the field data
for individual ecological components (e.g., soils, geomorphology, vegetation), using a hierarchical
approach. Three naming conventions for ecotypes are used in this report:

e Full Ecotype Name—Complete ecotype name based on the aggregated ecological components,
including physiography, soil chemistry, soil texture, and vegetation; e.g., Alpine Moist Acidic
Loamy-Rocky Crowberry-Blueberry Dwarf Shrub.

e Abbreviated Ecotype Name—Shortened ecotype name designed to emphasize primary
characteristics of the class and facilitate discussion (e.g., Alpine Loamy-Rocky Crowberry-
Blueberry Dwarf Shrub). In this report, including text, tables and figures, abbreviated ecotype
names have been used unless specifically stated otherwise.

e Map Ecotype—Aggregations of ecotypes with similar vegetation distinguished in the ecotype
map. Some ecotypes with similar vegetation properties could not be reliably distinguished from
one another during mapping; the focus of the map ecotype aggregation was on vegetation type
and structure, with less emphasis on soils (e.g., Alpine Meadows and Dwarf Shrub). Thus, map
ecotypes represent aggregations of similar or closely associated vegetation types that may have
differing soil textures.

Fibric—organic soil materials that have undergone the least amount of decomposition. The source of
the organic material (e.g., deciduous leaves, moss fibers) and often the species from which the
organic material was derived remains identifiable. Abbreviated as “Oi” in soil horizon descriptions.

Folistic epipedon—an accumulation of organic material at the surface that is >15 cm thick and is not
saturated for 30 or more cumulative days in a normal growing season. Folistic epipedons often occur
on stable slopes or well-drained glaciofluvial deposits in forested plant communities.

Halophyte—a plant adapted to living in a saline environment

Hemic—organic soil materials in an intermediate state of decomposition, more advanced than fibric
soil materials, but less than sapric soil materials. The source of the organic material and the plant life-
form from which it was derived remain identifiable, but species distinctions can no longer be made.
Abbreviated as “Oe” in soil horizon descriptions.

Histic epipedon—an accumulation of organic material at the surface that is >20 cm and is saturated
for >30 cumulative days in a normal growing season. Histic epipedons primarily occur on poorly
drained soils in bogs and fens, but in temperate climates, may also form on steep mountain slopes on
top of bedrock, or on late snowbed nivation hollows.
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Little Ice Age—period of moderate global cooling that began approximately 500 years ago and
ended approximately 160 years ago, during which time glaciers advanced in high-latitude regions of
the world (Dahms 2002).

O-horizon—a soil horizon dominated by organic materials and subdivided into fibric, hemic, and
sapric components based on the degree of decomposition.

Permafrost—soil material that remains below 0° C for two or more consecutive years. Divided into
ice-rich (>50% ice content) and ice-poor (<50% ice content).

Plant Associations—also called Floristic Associations or Plant Communities. Assemblages of plants
with similar composition that repeat predictably across space. Plant associations are characterized by
one (occasionally two) dominant species, and one to several indicator species that occur consistently
and are indicative of specific environmental conditions.

Podzolization—a process of soil formation especially in humid regions involving organic complexes
contributing to the leaching of iron or alumina into subsurface horizons. This process contributes to
the formation of Spodosol soil orders.

Redoximorphic depletions—Ilow-chroma zones from which iron and manganese oxide or a
combination of iron and manganese oxide and clay has been removed due to translocation. These
zones are indications of the chemical reduction of iron resulting from saturation (Soil Survey Staff
2010).

Saline—soils with an electrical conductivity (EC) >16,000 in the upper 40 cm of the soil profile.

Sapric—organic soil materials that have undergone the highest amount of decomposition. The
source of the organic material, and the lifeform and species from which it was derived is
unidentifiable. Abbreviated as “Oa” in soil horizon descriptions.

Soil Landscapes—Aggregations of ecotypes with similar soils for use in mapping. The focus of the
soil landscape aggregation was on soils, with less emphasis on vegetation (e.g., Alpine Rocky
Barrens and Sedge Meadows). Soil landscape classes represent aggregations of similar or closely
associated soil types with different vegetation types that are typically associated with a successional
sequence.

Tephra—a general term used to describe volcanic ejecta of any size.

Translocation—movement of materials (e.g, organic carbon, iron, aluminum) through time from the
upper to the lower soil profile via the forces of chemical weathering and gravity.

Udic—soil moisture regime that occurs in humid temperate climates. A udic soil moisture regime is
one in which the upper meter of soil remains moist to wet throughout the growing season.

Vitric—ash particles that are typically coarse-ash grain size (0.062—-2 mm) and have a 1500 kPa
water retention of 15 percent or less on air-dried samples (Soil Survey Staff 2010).
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Water Retention—the degree to which soils can retain water within the pore spaces between
individual soil particles; measured in terms of the soil water content of a given volume of soil that

remains in the soil when a set amount of pressure (i.e., kilopascals) is applied to a soil sample in the
laboratory.
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How to Use this Ecological Land Survey and Mapping
Product

Overview

An Ecological Land Survey (ELS) and land classification, in conjunction with a land-cover map,
enables resource managers to more effectively evaluate land resources and develop appropriate
management strategies. An ELS is an integrated approach of inventorying and classifying ecological
characteristics from the “bottom up,” while using environmental and GIS modeling to better
differentiate the distribution of ecosystems across space from the “top down.” An ELS can be used to
efficiently allocate inventory and monitoring efforts, to partition information for analysis of
ecological relationships, to develop predictive models, and to improve techniques for assessing and
mitigating impacts to land resources. This section provides guidance on how to use this ELS and
associated map products.

Purpose and Limitations

The purpose of an ELS is to classify and describe (with the support of field data) local-scale
(thousands of square meters, to tens and hundreds of hectares) ecosystems while simultaneously
informing the analysis and mapping of ecosystem components at the landscape scale (hundreds to
thousands of hectares, to hundreds to thousands of square kilometers). Hence, an ELS provides
useful products for land managers and scientists at both the local and landscape scales. While the
products from the two spatial scales may be useful independent of one another, the real power of an
ELS lies in the products derived from where the two spatial scales overlap. Depending on the
objectives of the end user, the two are often used in conjunction with one another.

This ELS provides robust classification and mapping products; however, these products are not
without their limitations. First, while steps were taken during the planning phase to design a
balanced, well-stratified sample design, the constraints of weather, a relatively short sampling period,
and the overall remote and diverse character of KEFJ resulted in a low sample size for some
vegetation types, soils, and ecosystems. Therefore, the classification of ecotypes should not be
considered exhaustive of the possible vegetation and soil types in KEFJ. Second, the short sampling
window did not allow us to conduct an accuracy assessment of the maps provided as part of this ELS.
Third, the map series produced as part of this ELS provides a landscape-scale view of ecosystem
components with an 8-ha minimum map polygon size at a map scale of 1:36,000 to 1:40,000. While
this scale of mapping is appropriate for large, remote parks like KEFJ, it does limit the usefulness for
some applications. Applications for which the mapping series are useful and appropriate include
landscape-scale analyses of ecological components (e.g., terrain suitability and wildlife habitat),
broad-scale management and planning, and development of stratified sampling designs for
landscape-scale inventory and monitoring studies. Applications for which ELS mapping is not
appropriate include site-specific management, planning, analysis, and study design. An Integrated
Terrain Unit (ITU) approach (Jorgenson et al. 2003, Wells et al. 2012) to mapping geomorphology,
soils, vegetation, and ecotypes is better suited for these finer-scale applications.
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Guidelines for Use

Guidelines for two likely scenarios for using this ELS and associated mapping products are provided
below. In both scenarios it is assumed that the researcher(s) has basic knowledge of common plant
species in KEFJ and soil sampling and GIS techniques. Additionally, the researcher(s) should use the
KEFJ land-cover report entitled Landcover Classes, Ecological Systems and Plant Associations,
Kenai Fjords National Park by Boggs et al. (2008) to supplement this document as needed.

Classification and Mapping: Field Applications

Under the first scenario, land managers and/or researchers are interested in classifying ecotypes and
are either in the field in KEFJ collecting data or in the office reviewing field data. If in the field, first
locate a relatively homogeneous patch of vegetation with a suggested minimum area ranging between
314 m? (the area of an ELS plot) to 1,000 m? (one-tenth of one hectare) that is obviously associated
with a specific landform or slope position. Landforms are any physical, recognizable form or feature
on the earth’s surface with a characteristic shape and range in composition that is created by natural
processes (Schoenberger and Wysocki 2002).

An appropriate sample site should be located firmly on a landform and not near the boundary
between two landforms. Plots should be roughly 314 m? in size and circular (10 m radius). On long,
narrow landforms, such as in steep, narrow riparian zones, the shape of the plot may be changed to fit
on the landform, so long as the area of the plot is approximately the same as above. Next, go to the
Physiography and Ecotype Keys (see Figure 4 and Table 4, respectively) and follow the instructions
to determine the ecotype. Once the ecotype has been determined, the user is directed to:

e The ecotype descriptions (see Results: Ecotypes and Plant Associations, below) for
information regarding general environment, vegetation, and soils;

e Table 3, which provides a cross-walk between ecotypes (abbreviated and full), plant
communities, and Viereck et al. (1992) Level IV vegetation classes included in each ecotype;

e Table 5, which includes summaries of environment data by ecotype, and Tables 6-10, which
include a summary of plant species frequency and cover by ecotype;

e Tables 1 and 35, which provide descriptions of generalized soil texture classes (used in the
ecotype names) and soil subgroups described in the ecotype descriptions, respectively;

e Table 31, which provides a cross-walk between abbreviated ecotype names, Map Ecotype
classes (see Figure 18), Soil Landscape classes (see Figure 19), and Disturbance Landscape
classes (see Figure 20).

e Refer to the Plant Associations section on page 111 of Boggs et al. 2008 for descriptions of
plant associations mentioned in the ecotype descriptions.

The ecotype descriptions, descriptive tables of ecotype components (e.g., generalized soil texture
classes), and ecotype key provide valuable information for classifying and describing ecotypes in the
field and in the office from field data. Additionally, the Ecotype, Soil Landscape, and Disturbance
Landscape maps in conjunction with the crosswalks in Appendix E and Table 31 provide the user
with the spatial context of each ecotype in KEFJ] as it relates to the above three maps. The crosswalks
also allow the user to see the relationship between a given ecotype classified using the ecotype key
and other closely related ecotypes and soils (both spatially and through successional sequences).
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Guidelines for using the ecotype classification in conjunction with the Ecotype, Soil Landscape, and
Disturbance Landscapes maps are provided below:

1) Use the Ecotype Key (Table 4) to determine the ecotype (e.g., Alpine Moist Acidic Loamy-
Rocky Crowberry-Blueberry Dwarf Shrub);

2) Refer to the ecotype descriptions (see Results: Ecotypes and Floristic Associations, below) for
information regarding general environment, vegetation, and soils;

3) Referto Tables 1, 5, 6-10, and 35 for detailed information regarding the vegetation and soil
characteristics of the ecotype;

4) Refer to Table 31 and locate the abbreviated ecotype name of interest in the list (e.g., Alpine
Loamy-Rocky Crowberry-Blueberry Dwarf Shrub);

5) Follow the crosswalk in Table 31 to determine the Map Ecotype (e.g., Alpine Dwarf Shrub), Soil
Landscape (e.g., Alpine Rocky-Loamy Dwarf Shrub), and Disturbance Landscape (e.g., Mass
wasting and Landslide, Avalanche) classes within which the ecotype was aggregated for
mapping. Additionally, Table 31 allows the user to see the other ecotypes aggregated with the
ecotype of interest into each map class (e.g., Mass Wasting and Landslide, Avalanche).

Classification and Mapping: Office Applications

In the second scenario, KEFJ land managers and/or researchers are in the office and are interested in
the location of specific park resources (e.g., soils) in designing a landscape-scale management plan; a
stratified sample design for inventory and monitoring; or in conducting landscape-level analyses
(e.g., habitat assessment, landscape sensitivity). In this scenario, users are directed to the series of
mapping products provided with this ELS, which include printed (see Figures 3, and 15-20) and
digital (ArcGIS geodatabase) versions. The base maps, including Glacial History (Figure 3),
Physiography (Figure 15), Ecosystems (Figure 16), and Land Cover (Figure 17) represent useful
stand-alone products that may be used in conjunction with one another. For more information
regarding these map products the user is directed to 1) the results section for each base map (see
Results: Ecosystem Mapping), and 2) Boggs et al. (2008) for the Ecosystems and Land Cover
mapping products.

The ecotype map (Figure 19) was developed by spatially overlaying the base layers to create strata,
and then assigning those strata to aggregations of ecotypes with similar vegetation (termed map
ecotypes). The map ecotypes were then aggregated into classes with similar soils (termed Soil
Landscapes) and similar disturbance pathways (termed Disturbance Landscapes) to create the Soil
Landscapes (Figure 19) and Disturbance Landscapes (Figure 20) maps. Users of these aggregated
maps are directed to:

e The results section for each aggregated map (see Results: Ecosystem Mapping)

e Tables 28-30 and 3234, which provide summaries of the areal extent of each map unit
within each respective map;

e Table 31, which provides a cross-walk between abbreviated ecotype names, Map Ecotype
classes (see Figure 18), Soil Landscape classes (see Figure 19), and Disturbance Landscape
classes (see Figure 20);

e Appendix E, which provides a cross-walk between the Boggs et al. (2008) ecosystem and
landcover classes and the map ecotype classes;
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Appendix F, which provides a flow chart depicting Soil Landscape classes and common soil
types;

Additionally, descriptions of Soil Landscape classes are provided (see Results: Soil
Landscapes). Descriptions of map ecotypes are not provided. Instead, the user is directed to
the descriptions of individual ecotypes that were aggregated to create each map ecotype class
(see below).

Guidelines for using the Ecotype, Soil Landscape, and Disturbance Landscape maps in conjunction
with the ecotype classification are provided below.

1)

2)
3)

4)

Refer to the Ecotype, Soil Landscape, or Disturbance Landscape maps (Figures 18-20) and
choose the map class of interest (e.g., Map Ecotype “Alpine Barrens and Partially Vegetated”);

Refer to Table 31 and locate the map class of interest in the sorted list;

Follow the crosswalk in Table 31 to determine the abbreviated ecotype names (e.g., Alpine
Rocky Barrens), Soil Landscape (e.g., Alpine Rocky Barrens and Sedge Meadows), and
Disturbance Landscape (e.g., Mass Wasting and Landslide, Avalanche) class within which the
Ecotype was aggregated for mapping.

Refer to the Ecotype descriptions (see Results: Ecotypes and Plant Associations, below), Soil
Landscape descriptions (see Results: Soil Landscapes), and Tables 1, 5, 6-10, and 35 for
information regarding general environment, vegetation, and soils of the ecotypes and soil
landscapes identified in Step C, above.
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Introduction

To obtain baseline condition information and an understanding of long-term trends relating to
changes in landscape characteristics and processes in KEFJ, the National Park Service (NPS) has
developed Inventory and Monitoring (I&M) programs for vegetation, terrestrial wildlife, fish,
weather, and coastal and glacial processes. These programs help the NPS to detect natural changes in
ecosystem structure and function; determine the role that human activities (e.g., invasive species,
land disturbances) and large-scale forces (e.g., climate change, glacial dynamics, volcanism, wildfire)
play in the changes observed; and inform predictions of future ecosystem trajectories. The I&M
programs also help the NPS focus their efforts in managing and protecting park resources for the
future. Soils provide fundamental controls on landscape and vegetation dynamics by greatly
influencing plant community structure and composition, successional processes, food web dynamics,
and a host of other ecosystem functions, and are therefore a key component of the 1&M program. In
support of these objectives, ABR, Inc.—Environmental Research & Services (ABR) worked with the
NPS to initiate an Ecological Land Survey (ELS) designed to classify and map soils and vegetation
in KEFJ.

The structure, function, and distribution of ecosystems are regulated largely along complex
environmental gradients of energy, moisture, nutrients, and disturbance. These gradients are affected
by many physical and biological landscape components, including climate, physiography,
geomorphology, soils, hydrology, vegetation, and animals, which are referred to as state factors
(Barnes et al. 1982, ECOMAP 1993, Bailey 1996). We used the state-factor approach (Jenny 1941,
Van Cleve et al. 1990, Vitousek 1994, Bailey 1996, Ellert et al. 1997) to evaluate relationships
among individual ecological components, and to classify and to map local-scale ecosystems
(ecotypes) in KEFJ (Figure 1). We then integrated information from the ecotype classification with
ancillary datasets to map soil landscapes across KEFJ.

An ecological land classification also involves organizing ecosystem components within a hierarchy
of spatial and temporal scales (Wiken 1981, Allen and Starr 1982, Driscoll et al. 1984, O’Neil et al.
1986, Delcourt and Delcourt 1988, Klijn and Udo de Haes 1994, Forman 1995, Bailey 1996).
Official systems for classifying ecosystems across scales have been developed for both the United
States (ECOMAP 1993) and Canada (Wiken and Ironside 1977). Local-scale features (e.qg.,
geomorphic units, vegetation) are nested hierarchically within landscape- and regional-scale
components, (e.g., physiography and climate). At the global scale, climate—particularly temperature
and precipitation—accounts for most of the variation and zonation of ecosystem structure and
function (i.e., biomes) (Walter 1979, Vitousek 1994, Bailey 1998). Within a given climatic zone,
landscape physiography (i.e., characteristic geologic substrate, topography, disturbance regime, and
microclimate) controls the rates and spatial arrangements of geomorphic processes and energy flow.
These processes result in the formation of geomorphic units with characteristic lithologies, soil
textures, and surface forms, which in turn affect soil properties and the movement of water
(Wahrhaftig 1965, Swanson et al. 1988, Bailey 1996). The movement of water through soil strongly
influences both plant water balance and the availability of nutrients, and is therefore a critical factor
in determining the distribution and characteristics of vegetation (Fitter and Hay 1987, Oberbauer et
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al. 1989). Finally, vegetation provides habitat structure and energy that affect the distribution of
many wildlife species. The interacting processes that operate across these ecosystem components at
various spatio-temporal scales can also be sources of disturbance that greatly influence ecosystem
development and succession (Watt 1947, Pickett et al. 1989, Walker and Walker 1991, Forman
1995).

To implement the ecological land classification, we used a hierarchical approach to mapping
landscape-soil-vegetation relationships that incorporates readily mapped and/or modeled landscape
features, including physiography, surface form (primarily slope characteristics), geomorphic unit,
and vegetation. The hierarchical mapping approach, along with analysis of field data, allows for the
classification and mapping of an enhanced set of ecotypes (local-scale ecosystems) and soil
landscapes from existing land-cover maps. This integrated approach has several benefits. First, it
incorporates the important effects of geomorphic processes on natural disturbance regimes (e.g.,
landslides, channel migration) and the flow of energy and material. Second, it captures the diversity
of environmental characteristics within the classification. Finally, it uses a systematic approach to
classify landscape features for applied analyses across a range of spatial scales (patch to local to
regional). For example, we can overlay the footprint of areas that have been deglaciated at different
points in time on the land-cover map of KEFJ prepared by the Alaska Natural Heritage Program
(AKNHP) (Boggs et al. 2008) to delineate post-glacial seral communities that may have been
previously unmapped. To demonstrate an application of this approach, we analyzed the relationships
among soils and ecotypes, and used these relationships to develop maps of soil and disturbance
landscapes as part of the KEFJ study effort. The maps can serve as a spatial database with differing
ecological components to aid resource managers in evaluating ecological impacts and developing
land management strategies appropriate for a diversity of landscape conditions. Additionally, the
maps provide information that can support the design and implementation of a range of field- and
remote-sensing based natural resources studies, as well as provide important context and a basis for
stratification during subsequent data analysis. This report summarizes the results of an ELS to
classify and map the ecosystems and soils of KEFJ.






Study Area

The ELS and mapping study area included the full legislative boundary of KEFJ, including private
inholdings and Alaska state parklands, totaling 2,693 km? (Figure 2). This study area excluded
marine waters but included inland and estuarine waterbodies. Nuka Island, which is currently
administered by the State of Alaska as part of Kachemak Bay State Park, was included in the study
area because it is within the legislative boundary of KEFJ. Neither we nor AKNHP collected field
data on the island, however, and the most recent base imagery mosaic for KEFJ does not cover the
island. Therefore, we caution that mapping for Nuka Island is somewhat provisional and may not
capture the full range of existing vegetation and soil conditions.
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Methods

Objectives

To classify and map ecosystems and soils of KEFJ, we first compiled existing field-based vegetation
and soils data, as well as ancillary Geographic Information System (GIS) and remote sensing (RS)
environmental datasets from a variety of sources to develop a preliminary spatially-explicit
conceptual model of soils in KEFJ and identify data gaps. We then used the conceptual model to
develop a stratified, gradient-oriented sampling scheme to collect field verification data in August
2013. We used our field verification data, in combination with the AKNHP KEFJ land-cover map
and field data (Boggs et al. 2008) to create a soils map, following the soil landscape approach used
by Jorgenson et al. for Wrangell-St. Elias National Park and Preserve (2008) and the Arctic Network
of National Parks (2009). This approach included incorporating historical glacier extents, several
additional existing GIS and RS data layers, rule-based modeling, and the analysis of geomorphology-
soils-vegetation relationships. Specific objectives of this project were to:

1) Compile pre-existing data to prepare conceptual soils model and identify data gaps;
2) Conduct field inventories of vegetation, soils and environmental characteristics in KEFJ;

3) Input the comprehensive terrain-soil-vegetation dataset to classify ecotypes based on analysis of
vegetation characteristics and relationships among ecosystem components;

4) Classify soil types based on field soil profile descriptions and laboratory analysis data;
5) Develop maps using an existing land-cover map, ancillary datasets, and rule-based modeling;

6) Apply Near Infrared (NIR) spectroscopic analyses to soil samples from KEFJ and add these
spectra to the NIR spectroscopy library initiated for the SWAN parks in 2010; and

7) Synthesize the results of the ELS and mapping for map users.

Field Surveys

We sampled a total of 16 transects (toposequences) in coastal and inland portions of KEFJ during
18-30 August 2013. The marine research vessel (R/V) Outer Limits served as a mobile base camp to
access the fjordlands of KEFJ; we used a rigid-hulled inflatable boat to land crews on the shoreline
each day from the R/V. Additionally, field crews worked out of the town of Seward to access the
northernmost part of the park in the vicinity of Exit Glacier. Sampling was conducted on foot along
transects stratified within the major geologic units, physiographic units, and glacial histories that
occur within the park. Transect locations were selected using a gradient-directed sampling scheme
(Austin and Heyligers 1989) to gather the range of ecological conditions present within KEFJ, and to
provide the spatially-related data needed to interpret ecosystem and soils development. Coastal
transects also had to meet several logistical criteria associated with the use of boats for access.
Transects had to begin near a landable beach, avoid dangerously steep terrain (slope angle >45
degrees), and had to be oriented so as to allow crews to return to a landable beach at the end of the
field day. As a result of these constraints, our ability to access high-elevation environments was
limited. We were able to supplement our field dataset, however, with vegetation data collected by
AKNHP using very similar sampling protocols (see Boggs et al. 2008).



We collected data at 94 full plots (“t-plots™) and 11 rapid verification plots (“v-plots”) for a total of
105 plots along 16 transects. At t-plots we collected the complete suite of data variables described
below. V-plots are designed to maximize efficiency in the field while simultaneously collecting the
most salient variables required for ecotype classification. Thus at v-plots we collected a reduced set
of data. In the following 2 paragraphs, data variables collected at both t- and v-plots are distinguished
by bold font below the variable name.All plots types were circular in shape with an approximate
radius of 10 m, and were situated entirely within a single distinct vegetation type or photo-signature
identified on high-resolution imagery. The plot center was established intuitively by the field crew
leader in a homogeneous patch of vegetation that was at least 1/2 ha in area, and away from
transitional areas between distinct vegetation types (ecotones). All plot locations were marked on
high-resolution satellite imagery, and geospatial coordinates and approximate elevations were
recorded using Trimble GeoXT handheld, mapping-grade GPS receivers (accuracy +5 m). After the
field surveys, we differentially corrected the field-collected coordinates using the GPS receiver
metadata, base station data from the Seward Continuously Operating Reference Station (CORS), and
proprietary Trimble postprocessing routines. Most of the differentially corrected plot coordinates
achieved horizontal accuracies of +1 m or less. A series of digital photographs were taken at each
plot, including representative landscape and ground cover views, as well as photos of the soil pit
face.

Geologic and geomorphic variables recorded at each plot included physiography, geomorphic unit,
slope gradient, slope aspect, surface form, and height of microrelief. Hydrologic variables
measured included the depth of surface water (if present) above (+) or below (-) ground and the
depth to saturated soil. Soil chemistry measurements included soil pH, water pH (if present), and
soil and water electrical conductivity (EC). When free water was not present in the soil pit, EC and
pH were measured from a saturated soil paste prepared using distilled water. Soil chemistry
measurements (pH and EC) were made using Oakton portable meters that were calibrated daily with
standard solutions.

Ground-surface variables included the percent cover of surface fragments (i.e., gravel-sized and
larger material with particle size >2 mm) and percent cover of frost boils. Disturbance class was
recorded to document recent (less than approximately 5 to 6 years old) disturbances. We sampled
soils using a combination of the general physical and chemical soils data, rapid stratigraphic
descriptions, complete stratigraphic descriptions, and laboratory analysis of soil samples (see below).
Detailed soil stratigraphic descriptions are time consuming to complete and, given the short duration
of the field trip, a hybrid approach was required. Using this approach allowed us to maximize
efficiency in the field while capturing the maximum amount of soils information in a short amount of
time. The general soils data variables were collected at all plots and were selected because they
represent soils information that is important for soil taxonomy and classification of ecotypes but that
is rapid to collect. For instance, the surface organic mat thickness combined with soil moisture and
depth to saturated soil are important criteria for determining if a soil has a histic epipedon. Rapid soil
stratigraphy descriptions provide more detail about a soil profile while allowing flexibility to
complete some descriptors opportunistically. For instance, if a soil profile has a dark surface horizon
that might meet the criteria for a mollic or umbric epipedon, which have specific color and base
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saturation requirements, then soil color would be described and a soil sample analyzed for base
saturation. Full soil stratigraphy descriptions provide the most detailed soils information but require
the most time to complete. We focused on sampling complete soil stratigraphy for soils that were
representative of common ecosystems in KEFJ.

General soils data were collected from shallow soil pits (40-50 cm deep) at all plots. Soil data
collected at each plot include the surface organic mat thickness, the cumulative thickness of all
organic horizons in the upper 40 cm, the cumulative thickness of loess (eolian silt) in the upper 40
cm, the cumulative thickness of volcanic ash in the upper 40 cm, depth of common roots, depth to
low chroma matrix or depletion mottles, soil moisture class, soil drainage class, presence of
cryoturbation, coarse fragment depth (i.e, the depth to the upper boundary of >15% by volume
gravel-sized particles or larger), the depth to lithic (bedrock) contact, and the presence/absence of
effervescence in any soil horizon using a dilute hydrochloric acid (HCI) solution. Soil texture was
assessed by hand-texturing after using a 2 mm mesh sieve to remove coarse fragments. Finally, we
assigned a dominant texture class to each soil profile. The dominant texture class is a single,
simplified texture descriptor (e.g., loamy, sandy, ashy, organic) characterizing the dominant soil
texture in the upper 40 cm of each soil profile for ecotype classification.

Complete soil stratigraphic descriptions were obtained at 15 plots. Soil descriptions followed
standard Natural Resources Conservation Service (NRCS) protocols (USDA NRCS 2007), with the
exception of the depth requirements of soil pits. Soils were classified to the subgroup level using the
11th edition of the Keys to Soil Taxonomy (Soil Survey Staff 2010). Soil pits for full stratigraphic
descriptions were excavated to a depth of at least 40 cm, plus the cumulative thickness of surface and
buried organic layers (see below) to a maximum depth of 60 cm. In stratified soils (e.g., floodplains),
individual strata were grouped into broader horizons and denoted as such with notes describing the
interbedded soil materials. Buried organic horizons >1 cm thick were designated as unique horizons,
while those horizons <1 cm thick were grouped with adjacent mineral soils with descriptive notes
included. A rapid soil stratigraphy was described in the field notes at an additional 43 plots, and
included horizon top and bottom depths, texture, and field horizonation. Munsell® soil color was
recorded opportunistically if required for classification to soil subgroup.

Soil samples were collected from 36 plots, 11 of which had a complete soil stratigraphy described. A
total of 67 distinct soil horizons were sampled across all plots. Samples were collected from mineral
horizons only. Samples were taken from a maximum of three mineral horizons within the upper 20
cm of mineral soil at each pit. Each sample consisted of approximately 250 g (9 0z) of sieved
(particle size <2 mm), moist soil. Soil samples were collected within each horizon from the center
~10 cm for those horizons >10 cm thick, and from the entire horizon for those horizons <10 cm. If
the lower boundary of the lowest horizon within the sampling zone extended below the sampling
zone, only that portion of the horizon that was within the sampling zone was sampled. An exception
to this sampling rule was for thin (0.5-1.5 cm) horizons of ash, which were sampled exclusively for
volcanic glass estimates. Soils from each horizon were collected in quart size Ziploc™ freezer bags
for transport to the laboratory. All remaining soil samples were returned to the NPS after analyses
were completed.



Vegetation composition and structure data were collected semiquantitatively. At t-plots, we visually
estimated the live cover of all vascular and non-vascular plants present. At v-plots we estimated
cover for six to ten dominant (typically >5% cover) plant species. At t-plots we also estimated the
percent cover of each plant growth form (e.g., needleleaf tree, tall shrub, low shrub, forb, moss, etc.),
as well as the total cover of Sphagnum mosses, feathermosses, and combined Cladonia/Cladina
lichen species. Cover was estimate to the nearest 1% for species or growth forms with <10% cover,
and to the nearest 5% for species or growth forms with 10-100% cover. Isolated individuals or
species with very low cover were assigned a “trace” cover value of 0.1%. The total cover of each
plant growth form was estimated independently of the cover estimates for individual species; these
cover estimates were cross-checked to ensure that the summed cover values for individual species
within a growth form category was similar to the total cover estimated for that growth form. At both
t- and v-plots a generalized vegetation structure category (e.g., low shrub, broadleaf forest) and
Alaska Vegetation Classification (AVC) Level IV vegetation class (Viereck et al. 1992) was also
recorded. Taxonomic nomenclature was based on Viereck and Little (2007) for trees and shrubs, and
Hultén (1968) for all other vascular taxa. An exception is Elymus mollis in which we use the National
Plants Database (USDA NRCS 2014) name Leymus mollis. Voucher specimens were collected for
species that were difficult to identify in the field; these were subsequently identified by Carolyn
Parker at the University of Alaska Museum of the North Herbarium (ALA) in Fairbanks, AK.
Nomenclature for bryophytes (mosses and liverworts) and lichens followed the National Plants
Database. Identification of bryophytes and lichens during field sampling was generally limited to
dominant, readily-identified species. Dominant non-vascular species that we could not identify with
confidence in the field were collected and sent to the Komarov Botanical Institute in St. Petersburg,
Russia. Comprehensive lists of vascular and non-vascular plant species identified in KEFJ are shown
in Appendices A and B, respectively. All plant specimens have been returned to the NPS.

Supplementary Field Data

We supplemented our field dataset with ground-based vegetation and soils data collected by AKNHP
and NPS personnel. This dataset was used to support land-cover mapping for KEFJ and was
collected using field sampling protocols and metrics that were comparable to our methods. A
comprehensive description of AKNHP field methods can be found in Boggs et al. (2008).

The AKNHP field dataset was especially useful for alpine and subalpine plant communities, which
were usually impractical for us to access on foot from coastal landing sites. The complete AKNHP
dataset consists of 429 field plots, of which 381 plots had sufficient soils data for use in this study.
The criteria used for including an AKNHP plot in our analysis were the presence of surface organic
thickness and dominant soil texture information in the upper 40 cm of the soil profile. In addition to
the above two soil variables, we also added several ABR data fields to the AKNHP dataset. These
included AVC Level IV vegetation class, vegetation structure class (e.g., needleleaf forest, tall shrub,
forb meadow), soil moisture class (e.g., moist, wet), presence/absence of lithic contact in the upper
50 cm of the soil profile, physiography class (e.g., Alpine), and surface geomorphic unit (e.g.,
hillside colluvium). We attributed those fields with our standard classification and coding system,
such that data from AKNHP and ABR plots could be pooled for analysis. We used the vegetation
species-cover data provided in the AKNHP dataset to assign AVC Level IV vegetation class and
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vegetation structure class. Physiography and surface geomorphic unit were assigned using a
combination of plot data review, and interpretation of high-resolution satellite imagery and other GIS
data sources in the immediate vicinity of the field plot, such as digital elevation models (DEM) and
historical glacier extents. We standardized the vegetation datasets by creating a crosswalk between
the vascular plant taxonomy used in the AKNHP vegetation dataset (nomenclature from the National
Plants Database [USDA NRCS 2014]), and the taxonomic names in our dataset. The standardized
vegetation and site data for the 381 AKNHP plots were pooled with vegetation and soils data from
the 105 ABR plots from August 2013, providing a total of 486 plots for the ecotype analysis and
classification of soil landscapes.

Ecological Classification

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

Ecological Components

Geomorphic units were classified according to a system based on landform-soil relationships for
Alaska, originally developed by Kreig and Reger (1982) and the Alaska Division of Geological and
Geophysical Survey (1983), and modified for this study. We emphasized materials near the surface
(<2 m), because they have the greatest influence on ecological processes. Within the geomorphic
classification, we also classified waterbodies based on their water depth, salinity, and genesis.
Surface forms (macrotopography) were classified according to a system modified from that of
Schoeneberger et al. (2002). Microtopography was classified according to the periglacial system of
Washburn (1973). Vegetation was generally classified in the field to AVC Level 1V vegetation class.
Plant associations were classified following the “Key to Plant Associations” in Boggs et al. (2008),
which was modified from a floristic survey by DeVelice et al. (1999) in the Chugach National Forest.

Ecotypes

We classified ecotypes using a three-step process: (1) the ecological components were individually
classified for each field plot; (2) relationships along transects were examined to characterize trends
across the landscape; and (3) contingency tables were used to identify the common relationships and
central tendencies among ecological components. In developing the ecotype classes, we emphasized
ecological characteristics (primarily geomorphology and vegetation structure) that can be interpreted
from aerial photographs. We used a nomenclature for ecotypes similar to that used by Jorgenson et
al. (2008, 2009) that describes ecological characteristics (e.g., ecoregion, physiography, soil
temperature, soil chemistry, soil texture, moisture, vegetation structure, and dominant species) using
a terminology that can be easily understood.

To reduce the number of ecotype classes, we aggregated the field data for individual ecological
components (e.g., soil stratigraphy or vegetation composition) using a hierarchical approach.
Geomorphic units were assigned to physiographic settings based on their erosional or depositional
processes. Surface forms were aggregated into a reduced set of slope elements (e.g., crest, upper
slope, lower slope, toe, and flat).
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For vegetation, we used the structural levels of the AVC system (Viereck et al. 1992), because they
are readily identifiable on aerial photographs and use a typical species common name (e.g., Sitka
Spruce Forest). We used ordination and cluster analysis to aid in aggregating floristically-similar
plots in the ecotype analysis. Unknown taxa, taxa identified to the genus level only, and species
occurring at <1% cover in a plot were sequentially removed from the analysis. The data were then
ingested in R, an open-source language and environment for statistical computing (R Development
Core Team, 2013). We split the dataset by physiographic class and analyzed plots within each
physiography separately. For each physiography group, vegetation was clustered using the fixed
clustering algorithm Partitioning Around Medoids (PAM) (Kaufman and Rousseeuw 1990). A
Bray/Curtis dissimilarity matrix (Bray and Curtis 1957) was used to develop preliminary groupings
of similar vegetation. We applied non-metric multidimensional scaling (NMDS) (Shepard 1962a&b,
Kruskal 1964a&b) to the dissimilarity matrix to chart the plots in species space to assess their
dispersion and identify outliers. For the ecotype analysis, we used the ordination plotting functions
provided in the vegan (Oksanen et al. 2013) and rgl (Adler et al. 2014) R libraries to plot the NMDS
ordinations as 3-dimensional; dynamic plots that could be rotated graphically and viewed from
multiple perspectives. For the report figures, we plotted the ordinations in 2 dimensions and
displayed each ecotype using a unique symbol.

We grouped soils based on similarities in general texture class (e.g., rocky, loamy, organic); Table 1
provides descriptions of general texture classes used in the classification of ecotypes. We often
grouped textural classes, because the vegetation associated with them was similar (e.g., Rocky-
Sandy), and vegetation structures (e.g., open and closed shrub) were often grouped because their
species composition and soils were similar. Additionally, soil subgroups were often combined
because they featured soils with similar morphological and developmental characteristics and degree
of soil development, with similar interpretation for use and management (e.g., Typic Humicryods and
Typic Haplocryods).

Common relationships among ecosystem components were identified using contingency tables. The
contingency tables sorted plots by physiography, soil texture, geomorphic unit, slope position,
drainage, soil chemistry (pH and salinity), vegetation structure, and plant association. From these
tables, common associations were identified and unusual associations either were combined with
those having similar characteristics or excluded as atypical (outliers). Full ecotype names were then
assigned based on the aggregated ecological components; e.g., Alpine Rocky-Loamy Moist Acidic
Mountain Heather Dwarf Shrub. Finally, the full ecotype names were abbreviated (referred to
hereafter as “ecotype”) to emphasize the primary characteristics of the class and facilitate discussion
(e.g., Alpine Rocky-Loamy Mountain Heather Dwarf Shrub).
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Table 1. Description of ten generalized soil texture classes used in ecotype classification and mapping, including texture range and predominant

soil orders.

Generalized

Texture range

texture class (<2 mm) Description Predominant Soil Order(s)

Loamy-organic  Silt loam to Soils with moderately thick (10—40 cm) to thick (=40 cm) surficial organics over Histosols, Entisols (mostly Lithic
Sandy loam loamy mineral soil, >15% rock fragments rare, bedrock contact very common within  soil Subgroups)

50cm of the soil surface.

Loamy-Rocky  Silt loam to In upper 40 cm, mineral textures predominantly loamy, >15% rock fragments Entisols (mostly Lithic soil
Sandy loam (>2 mm) common, bedrock contact very common within 50cm of the soil surface. Subgroups)

Organic-rich Silt loam to Soils with thick (=40 cm) surficial organic horizons. Histisols, Inceptisols, Entisols
Sandy loam

Rocky Sandy loam to In upper 40 cm, >15% rock fragments (>2 mm) very common, includes sandier soil  Inceptisols and Entisols

Rocky-Loamy

Rocky-Loamy-
Organic

Rocky-Organic

Rocky-Sandy

Sandy-Loamy-

Rocky

Sandy-Rocky

Sand

Silt loam to
Sandy loam

Silt loam to
Sandy loam

Sandy loam to
Sand

Sandy loam to
Sand

Silt loam to Sand

Sandy loam to
Sand

textures.

In upper 40 cm, >15% rock fragments (>2 mm) very common, mineral textures
predominantly loamy, bedrock contact may occur within 50cm of soil surface.

In upper 40 cm, >15% rock fragments (>2 mm) very common, mineral textures
predominantly loamy, with moderately thick (10—40 cm) surficial organics.

In upper 40 cm, >15% rock fragments (>2 mm) very common, includes sandier soil
textures, with moderately thick (10—40 cm) surficial organics.

In upper 40 cm, >15% rock fragments (>2 mm) very common, includes sandier soil
textures.

In upper 40 cm, a variety of textures ranging from loamy to sandy, >15% rock
fragments (>2 mm) common.

In upper 40 cm, mineral textures predominantly sandy, >15% rock fragments
(>2 mm) common.

Inceptisols and Entisols

Histisols, Spodosols, Inceptisols

Inceptisols and Entisols

Entisols

Inceptisols and Entisols

Entisols




Soils

Soil Chemical Analyses and Classification:

Soils samples were air-dried and sieved through a 2 mm USDA standardized sieve for separating the
fine earth fraction (i.e., sand, silt, and clay). Priority for selecting plots for analysis was based on
secondary diagnostic horizons requiring laboratory data for taxonomic classification, spatial
distribution within KEFJ, and whether or not a full soil characterization had been completed for the
plot.

An 84 g mixed soil sample was prepared for plots featuring 2 or more mineral soil horizons in the
upper part of the soil profile. Mixed soil sample were prepared for each plot by combining a portion
of each mineral soil horizon in the upper 20 cm of mineral soil based on a weighted average. The
weighted averages were calculated based on the thickness of each horizon in the upper 20 cm of
mineral soil. The use of mixed soil samples for the KEFJ laboratory analysis was consistent with how
ABR has analyzed for andic, chemical and near infrared (NIR) soil properties in other national parks
(Wells et. al. 2013), with one exception. In Lake Clark National Park (LACL), the weighted averages
were calculated based on the upper 40cm of the mineral soil, as opposed to the upper 20 cm of
mineral in KEFJ. This method alteration for KEFJ was necessary due to the prevalence of shallow
bedrock-controlled and extremely rocky soils that often prevent sample collection at greater depths.
For plots with one horizon in the upper 20 cm of the mineral soil the entire horizon was included in
the laboratory analysis. The use of mixed samples allowed for continuity of maximum mineral depth
analyzed across all plots. Thirty-eight soil samples, including 23 mixed samples and 15 un-mixed
samples, from 34 plots were selected for laboratory analysis. Since no single lab performed all of the
analyses required, we utilized three laboratories including the University of Alaska Anchorage
(UAA), Palmer Research Center (Laurie Wilson, Lab Manager); Colorado State University (CSU)
(James R. Self, Lab Manager); and Alaska Beget Consulting (ABC) (Dr. James Beget, UAF). Soils
sent to more than one lab were split, with a portion of the sample sent to each lab.

Thirty-four samples were sent to UAA for analysis. UAA analyzed the soil samples for percent total
carbon (C) and total nitrogen (N) using the combustion method with a LECO TruSpec CHN 1000
instrument. Particle size analysis was also conducted to determine the total percent of sand, silt and
clay (Michaelson et al. 1992). The percent base saturation indicates what percent of the exchange
sites are occupied by cations; percent base saturation can be calculated by dividing the
milliequivalents of each cation from the CEC, by the total cation exchange capacity (CEC)
(Michaelson et al. 1992). Additionally, the 34 samples sent to UAA were designated for Near
Infrared (NIR) spectroscopy, a technique that measures the spectral signature of a material as defined
by its reflectance and absorbance properties, as a function of wavelength (Shepard and Walsh 2002).
The laboratory methods for NIR were consistent with prior analyses in LACL; a comprehensive
description of laboratory methods can be found in Wells et. al. (2013). Lastly, ammonium oxalate
extracts of Iron (Fe), Aluminum (Al) and Silicon (Si) and percent phosphate retention (New Zealand
P Method) were run on 10 of the 34 samples to provide data for substantiating andic soil properties
for those plots with an accumulation of volcanic ash in the soil profile (Michaelson et al. 1992).
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CSU analyzed samples (see weighted average description) from 10 plots to identify soils with Andic
soil properties. Percent water retention at 1,500 kPa was necessary for differentiating between the
Andic and Vitric subgroups in NRCS soil taxonomy, 11th edition (Soil Survey Staff 2010). Vitric
soils have a 1500 kPa Water Retention of less than 15% on air-dried samples and tend to have
coarser, sandier ash grains and/or pumice within the soil profile.This data was acquired using Water
Retention Methods described in Klute (1986). ABC analyzed 13 soil samples for percent volcanic
glass. Volcanic glass content is the percent (by grain count) of glass, glass-coated mineral grains,
glass aggregates, and glassy materials in the 0.02—2.0 mm fraction (Soil Survey Staff 2010). Dr.
Beget utilized the dispersal procedure as a means to separate the coarse silt and sand fraction for
analyses, described in Step 7.11 on p. 43 of the Soil Survey Laboratory Methods Manual, version 42
(USDA NRCS, 2004). After one hour of agitation, the fine silt and clay soil fraction that is in
suspension is decanted from the beaker and the remaining sediment (0.02 to 2.0 mm) dried in an
oven at 50° C. The Keys to Soil Taxonomy (Soil Survey Staff 2010) require that volcanic glass be
quantified based off analysis of medium, coarse, and very coarse sand in order to classify Andic soil
properties and Vitrandic subgroups. Wilson et. al (1999) suggests that a cost-effective alternative to
analyzing each individual grain fraction for volcanic glass is analyzing a mixed 10 g sample with all
three grain sizes at once. Beget analyzed the mixed 10 g sample (0.02-2.0 mm fraction) for tephra
content by examining a grain mount thin section under a petrographic microscope. The percentage of
glass in each sample was determined by identifying the volcanic material using optical mineralogical
techniques, including the use of double light polarizing plates. Standard petrographic charts
published by the American Geological Institute were then used to determine the percentage of
volcanic particles present. The volcanic glass estimates are presented in Appendix C and the modal
grain size and relevant notes are stored in the database deliverable.

We classified soils data for 105 ABR plots to the subgroup level according to NRCS soil taxonomy,
11th Edition (Soil Survey Staff 2010). In some instances the data needed for the taxonomic keys
were missing for a given plot, in which case soil subgroups were assigned using the available field
data (e.g., photos, rapid horizonation, colors, textures, pH, etc.) and by drawing inferences from the
soil classifications from plots with full stratigraphic descriptions and soils laboratory data. For
instance, Haplocryepts were differentiated from Dystrocryepts based on a cutpoint of 5.5 for the pH
reaction, although the actual diagnostic criterion is 50% base saturation from laboratory analyses.
Due to data limitations, we were unable to classify AKNHP plots to the subgroup level.

Rock Samples

Sixteen rock samples were collected across KEFJ for verification of bedrock geology (Appendix D).
Basic lithologic descriptions were made by Dr. Rainer Newberry, Department of Geology and
Geophysics, University of Alaska Fairbanks. The initial identification of the rock samples was by
visual examination of freshly broken faces. Rock samples that could not be identified with reasonable
certainty were slabbed, and a representative fraction of each sample was crushed and analyzed by
pressed pellet x-ray florescence spectroscopy (XRF) for major oxides. Two rock samples identified
by XRF as quartz syenite and quartz diorite were stained for feldspars in order to distinguish the
feldspars from each other and from quartz, as a secondary check on the classification. All rock
samples have been returned to NPS.
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Ecosystem Components Synthesis

A primary objective of this study was to identify relationships between ecosystem components (state-
factors), vegetation, soil properties, and disturbance regimes. The purpose of ecosystem components
synthesis is to identify the biophysical processes that underlie these relationships, thereby providing
organizing principles by which to map ecological themes of interest using available GIS and RS data
(see next section). We accomplished this by integrating the multivariate datasets described above for
vegetation and soils into contingency tables. This process identifies common biophysical processes,
such as sedimentation and paludification, that govern the development of vegetation and soils across
the landscape. Knowledge of these processes and the environments in which they function provides a
basis for “crosswalking” each ecotype into classifications pertaining to other ecosystem properties,
such as soils and disturbance landscapes. The contingency table analysis also helps to evaluate how
reliably specific landform-vegetation-soils relationships can be used to inform landscape
interpretation and mapping. During ecosystem components synthesis, we grouped field plots that
shared similar vegetation (ecotypes) and/or soil properties (soil landscapes). We also identified
“outlier” field plots with unique or unusual combinations of physiography, texture, geomorphology,
drainage, soil chemistry, vegetation, or other properties, and iteratively removed them from the
contingency tables. We excluded outlier plots, because our primary goal was to identify widespread
landform-vegetation-soil relationships for which generalization is appropriate and useful, and that
can be readily and consistently mapped. The outliers may represent ecotones, rare types, or locations
where vegetation and soils have been affected by local disturbance or other historical factors that are
not readily interpreted.

GIS and Remote Sensing Data Compilation

Overview

We evaluated available archives of GIS and RS data to support the description and mapping of soil
landscapes within KEFJ. These ancillary datasets pertain to a range of biological, physical, and
climatic parameters (Table 2). Available GIS and RS datasets were integrated with field-based data,
and analyzed to characterize and map the major biophysical components of the landscape that
influence soil development and the spatial distribution of soil groups. These biophysical components
include ecoregion, physiography, geologic parent material, generalized soil texture, vegetation,
disturbance processes, and glacial history. Unique combinations of these biophysical components
were distinguished, and similar combinations aggregated together, using guidance from the field data
and soil laboratory analysis to map the distribution of ecotypes and soil landscapes within KEFJ. We
briefly describe each dataset below and summarize any GIS pre-processing steps that were executed
to support analyses and mapping of soil landscapes.

Naming Conventions

Throughout this section, GIS and RS datasets are referred to in italics, using a descriptive name (e.g.,
AKNHP Land-Cover Map). Text references of the names of individual data fields within GIS and RS
datasets are italicized and placed in quotation marks (e.g., AKNHP Land-Cover Map “Ecosystem”
field). Text references to the attributes stored in fields are presented in plain text, and are quoted in
the case of non-numeric fields; e.g., AKNHP Land-Cover Map, “Ecosystem” value of “Recently
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Table 2. Pre-existing and derived GIS and remote-sensing data compiled for the ecological land survey and soils mapping for Kenai Fjords
National Park, southcentral Alaska.

Dataset Description Type Path Origin
GeoEye DEM, 30 m Single band TIFF PDS\DEM\GeoEye\KEFJ\kefj_a83 Pre-existing
GeoEye DEM Hillshade, 30 m Single band TIFF PDS\DEM\GeoEye\KEFJ\kefi_a83hs Pre-existing
Historical Glacier Extent—LIA Polygon feature class PDS\Albers\parks\kefj\base\physical\statewid\maxglac Pre-existing
Historical Glacier Extent—1951 Polygon feature class Deliverable\KEFJ_Soils_ELS.gdb\Map_Base\KEFJ_GlacierExtent_1951 Pre-existing
Recent Glacier Extent—2005 Polygon feature class Deliverable\KEFJ_Soils_ELS.gdb\Map_Base\KEFJ_GlacierExtent_2005 Pre-existing
AKNHP Land-Cover Map Polygon feature class PDS\Albers\parks\kefj\base\biologic\statewid\KEFJ_LC2008.gdb\KEFJ_LC2008 Pre-existing
AKNHP Field Plots Point feature class Deliverable\KEFJ_Soils_ELS.gdb\AKNHP_PIlots\AKNHP_Plots Derived
Geologic Map Polygon feature class PDS\Albers\parks\kefi\GRI\GeologyKEFJ.gdb Pre-existing
IKONOS Mosaic—CIR Layer file for Deliverable\Layer_Files\KEFJ_IKONOS_Mosaic_CIR.lyr Pre-existing

symbolizing multiple 4-

band TIFFs
IKONOS Mosaic—Natural Color  Layer file for Deliverable\Layer_Files\KEFJ_IKONOS_Mosaic_NaturalColor.lyr Pre-existing

symbolizing multiple 4-

band TIFFs
Airphoto Mosaic—2003-2004 Mosaic dataset PDS\OrthoPh\OrthoPhotoKEFJ.gdb\CIR2003_2004 Pre-existing
Physiography Polygon feature class Deliverable\KEFJ_Soils_ELS.gdb\ABR_Mapping\KEFJ_ABR_Mapping Derived
Map Ecotypes Polygon feature class Deliverable\KEFJ_Soils_ELS.gdb\ABR_Mapping\KEFJ_ABR_Mapping Derived
Soil Landscapes Polygon feature class Deliverable\KEFJ_Soils_ELS.gdb\ABR_Mapping\KEFJ_ABR_Mapping Derived
Disturbance Landscapes Polygon feature class Deliverable\KEFJ_Soils_ELS.gdb\ABR_Mapping\KEFJ_ABR_Mapping Derived




Deglaciated Tall Shrub.” We also reference datasets that we evaluated, but did not use; these datasets
are referred to without italics.

The format and origin of datasets that we used to support the classification and mapping of
ecosystem properties are provided in Table 2. Many of the ancillary datasets were obtained from the
existing NPS data archive. Some datasets—particularly those that were modified, derived, or
synthesized by us—are provided in the GIS deliverable package accompanying this report. The
filename and file path of each dataset in the deliverable package is also provided in Table 2.

Existing GIS Data Sources

Digital Elevation Models (DEM)

We reviewed several available DEM datasets for KEFJ, including the National Elevation Dataset (2
arc-seconds), the Shuttle Radar Topography Mission DEM (2 arc-seconds), the ASTER Global DEM
(version 2; 1 arc-second), and finally the GeoEye DEM (30 m) that was generated to support
development of the IKONOS base imagery mosaic for the park. The high spatial resolution and
comparative lack of artifacts of the GeoEye DEM made it superior for mapping and spatial analysis
applications at KEFJ. We also used the GeoEye DEM Hillshade, which is a copy of the GeoEye
DEM symbolized to represent 3-dimensional terrain in an intuitive way to facilitate interpretation and
map production.

Recent and Historical Glacier Extents

Spatial data pertaining to the modern and historical extent of glaciers were a critical input due to the
widespread extent of glaciers and the central role they play in landscape development in KEFJ. The
most recent glacier extent data come from the Global Land Ice Measurement from Space (GLIMS)
Glacier Database. The GLIMS Glacier Database is a global-scale product that is hosted and
periodically updated by the National Snow and Ice Data Center (GLIMS and NSIDC 2005). GLIMS
glacier extent is based on spectral analysis of recent Landsat Enhanced Thematic Mapper (ETM+)
imagery acquired during late summer at 30-m resolution. Visual comparison of the GLIMS data with
the IKONOS Mosaic, Natural Color (see below) generally indicated good agreement in apparent
glacier extent, except that the GLIMS dataset misidentified most nunataks as glacier. To remedy this
deficiency, we evaluated a glacier extent map for 2005 (Recent Glacier Extent—2005) produced
using a combination of automated and manual digitization techniques using the IKONOS KEFJ base
imagery mosaic (Arendt et al. 2014). Although glacial extents are mapped using imagery that is older
than that used in the GLIMS database, review of Recent Glacier Extent—2005 indicates very good
agreement between mapped and apparent ice extent throughout the entire study area. We concluded
that the Recent Glacier Extent—2005 best represents the modern-day extent of glaciers for analysis
and mapping applications.

GIS datasets are also available that depict glacier extents for several time periods in the past: 1986,
1974, circa 1951, and the Little Ice Age (LIA) maximum glacier extent (circa 1850). The Historical
Glacier Extent—1951 was developed by USGS cartographers to depict glaciers in USGS topographic
maps, using visual interpretation of airphotos acquired 1950-1951. The Historical Glacier Extent—
LIA portrays the estimated maximum extent of glacial ice at the end of the LIA (circa 1850). LIA
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maximum extents were estimated using a variety of field-collected, cartographic, and remotely-
sensed data, such as tree-ring chronologies, fjord bathymetry (i.e., the location of the submerged
terminal moraines of large tidewater glaciers), and photo-interpretation of terminal moraine
locations. Unlike the glacier extent data layers described above, the LIA extents do not represent a
single snapshot in time, but rather the maximum extent reached by individual glaciers during the
latter part of the LIA. We did not make systematic use of the 1986 and 1974 extents in this study
because our interpretation of Glacial physiography included extensive areas that became deglaciated
well prior to those years.

Land Cover

Three land-cover maps exist for KEFJ. The Ducks Unlimited Land-Cover Map was developed in
1999 by Ducks Unlimited (DU) and the Bureau of Land Management (BLM) (Ducks Unlimited and
Spatial Solutions 1999). This map was produced using a spectral classification of Landsat imagery
(30-m resolution) informed by field data, which partitioned individual pixels into land-cover classes
according to their spectral characteristics. The NLCD Land-Cover Map comes from the National
Land Cover Database (NLCD), which provides a land-cover map for the entire state of Alaska. Like
the preceding land-cover map, the NLCD Land-Cover Map was produced using 30-m resolution
Landsat base imagery, but it groups land-cover types into far fewer, more general categories that
could be applied over a statewide mapping domain. Finally, the AKNHP Land-Cover Map was
completed in 2008 by the Alaska Natural Heritage Program (AKNHP) and NPS (Boggs et al. 2008).
Unlike the preceding land-cover maps, the AKNHP Land-Cover Map was produced by visual
interpretation and on-screen digitizing over a high-resolution ortho-mosaic assembled from vertical
aerial photographs acquired in 2004—2005. Mapping was informed by an extensive field dataset
(AKNHP Field Plots) that was collected according to field protocols similar to our own.

We chose to use the AKNHP Land-Cover Map to support our classification and mapping of ecotypes
and soil landscapes for several reasons. First, the AKNHP map was based on more recent imagery
than the other maps and consequently, more accurately captures modern-day vegetation in the highly
dynamic, recently-deglaciated landscapes of KEFJ. Second, the AKNHP map applied a polygon-
based, rather than pixel-based mapping approach so map unit boundaries follow the edges of
individual land-cover patches, rather than pixel boundaries. Third, the map units (polygons) in the
AKNHP map are coded according to two useful classification systems, “Land Cover” and
“Ecosystem.” The “Land Cover” classification emphasizes vegetation structural attributes that are
readily interpreted in terms of field vegetation data and photo-signatures on high-resolution imagery.
Many polygons in the original AKNHP Land-Cover Map were assigned both a primary and
secondary land-cover class to reflect combinations of land-cover classes; we only used the primary
land-cover class because the widespread, recurring land-cover mosaics in KEFJ were already
identified as stand-alone classes within the land-cover classification (e.g., “Closed Tall Alder-Mesic
Herbaceous Mosaic”). The “Ecosystem ” classification partitions the landscape largely according to
geomorphic environments (e.g., “Floodplain,” “Active Colluvial Slopes,” “Cobble Beach and Beach
Meadow”) and the full range of successional stages that occur within them. As a result, this
multivariate classification is more readily applied to the mapping of soil landscapes than a land-cover
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map alone. Finally, the AKNHP map was informed by data from field plots, which were readily
pooled and analyzed with our own field plot data collected in 2013.

Geologic Map
The distribution and characteristics of geologic parent materials are a key factor influencing soil

properties and development. We applied the Digital Geologic Map of KEFJ and Vicinity, Alaska
(Bedrock Geology), which synthesizes a variety of unpublished datasets and pre-existing geologic
maps as part of the Geologic Resources Inventory (GRI) program. Geologic mapping for KEFJ
primarily come from Wilson et al. (2008) and Wilson and Hults (2012).

IKONOS Mosaic

NPS provided a base imagery mosaic for KEFJ that was developed using ortho-rectified, high-
resolution imagery acquired by the IKONOS commercial satellite in 2005. The mosaic was based on
pan-sharpened, dynamic-range-adjusted imagery with a pixel size of 1 m. Four bands (R/G/B/NIR)
were provided; these bands were used to produce natural color (IKONOS Mosaic—Natural Color)
and color-infrared (IKONOS Mosaic—CIR) imagery products to support a variety of landscape
interpretation and mapping tasks. Although the vast majority of the map products presented in this
report are derived from the AKNHP Land-Cover Map map (which utilized 2003-2004 airphotos; see
below), we used the IKONOS mosaic as a basemap for additional linework in some coastal and
recently-deglaciated areas that were not accurately represented in the AKNHP map. The IKONOS
mosaic covered all of the study area, except Nuka Island.

2003-2004 Aerial Orthophotos

The AKNHP Land-Cover Map was produced by delineating polygons by hand over an ortho-photo
mosaic composed of aerial photographs acquired in 2003—2004. This mosaic included Nuka Island,
which was omitted from the IKONOS base mosaic. We referred to the 2003—2004 imagery (Airphoto
Mosaic—2003-2004) for interpretation and mapping tasks for Nuka Island, as well as other areas of
KEFJ that were obscured by cloud in the IKONOS base mosaic.

GIS Modeling and Ecosystem Component Synthesis

Physiography

We delineated the landscape into nine physiographic units that partition the key geomorphic
processes, environmental gradients, and landscape history attributes that control the development of
landforms, vegetation, and soils across KEFJ. We developed a physiography map for KEFJ by
assigning each map polygon in the AKNHP Land-Cover Map to a physiographic class. Many
polygons were readily assigned to physiographic units based on their “Ecosystem” or “Land-cover
Class” attributes alone. For example, the “Ecosystem ” class “Sandy Beach and Meadow” obviously
corresponded to Coastal physiography, and the “Land-cover Class” of “Dwarf Shrub” could be
automatically assigned to Alpine physiography. For AKNHP map classes with wide spatial and
elevational distributions (primarily low and tall shrub classes), and to delineate the Glacial
physiography type—which is contingent on spatial location relative to recent and historical glacier
extents—we assigned physiographic units using criteria based on supplementary GIS data sources
related to topography and glacial history. For each polygon, we extracted elevation summary
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statistics (mean, minimum and maximum) from the GeoEye DEM; these statistics were primarily
used to distinguish Upland, Subalpine, and Alpine physiographies. Additionally, we calculated the
percentage of each polygon that intersected the Historical Glacier Extent—1951 and Historical
Glacier Extent—LIA to guide the delineation of Glacial physiography.

Below we present brief definitions of the physiographic units and the criteria used to assign AKNHP
map polygons. Because some map polygons could potentially be assigned to more than one
physiographic class (e.g., estuaries could belong to either Coastal or Riverine physiography), we
assigned physiography classes in the order presented below. Once a polygon had been assigned to a
physiographic class, it was not reassigned to another class in a subsequent step.

Glacier

The modern extent of glaciers and perennial snowfields was determined using the Recent Glacier
Extent—2005, which is based on the same IKONOS base imagery mosaic that we used for landscape
interpretation and mapping (Figure 3). Although the AKNHP Land-Cover Map distinguished “Snow
and Ice” polygons, these polygons were based on visual interpretation of CIR airphoto ortho-mosaics
from 2002-2003, which included extensive areas of deep shadow, seasonal snow cover, and high-
elevation barrens adjacent to glaciers and the Harding Icefield. We therefore clipped non-glaciated
areas (i.e., that did not overlap the Recent Glacier Extent—2005) and assigned the resultant polygons
to the appropriate physiography in subsequent steps.

Coastal

The Coastal physiographic unit includes intertidal and supratidal substrates that are regularly
influenced by salt water, such as beaches, tidal flats, spits, and lagoons. The Coastal physiographic
unit was primarily assigned according to the “Ecosystem” and “Land-cover Class” of each AKNHP
Land-Cover Map polygon. The classification system used in the AKNHP Land-Cover Map includes
several classes that are defined by marine and coastal processes and/or halophytic vegetation, and are
diagnostic of Coastal physiography. However, some AKNHP Land-Cover Map classes mapped near
the coast were ambiguous with respect to the degree of saltwater influence. For example, the
“Coastal Cliff” ecosystem primarily encompasses substrates that are well above the influence of salt
water and salt spray. We therefore visually reviewed instances of the Coastal physiography class, and
reassigned polygons that extended well above sea level as appropriate (usually to Upland).

Riverine

The Riverine physiographic unit encompasses channels, islands, and riverbanks (floodplains) that are
regularly flooded (flood return period ~100 years) under the modern flow regime. Most watersheds
in KEFJ are small, so Riverine areas are limited in extent and mostly correspond to small meandering
streams and the glaciofluvial outwash plains below receding, non-tidewater glaciers. The Riverine
physiographic unit does not include abandoned floodplain surfaces that are no longer regularly
flooded. We identified potential Riverine polygons by recoding polygons that belonged to the
“Floodplain” or “Alpine Floodplain” ecosystems of the AKNHP Land-Cover Map. We then reviewed
“Floodplain” polygons in which the “Land-cover Class” corresponded to relatively mature land-
cover classes (e.g., coniferous forest) that are indicative of abandoned portions of floodplains. We
recoded these polygons as appropriate, generally to Upland or Lowland.
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Glacial

Glacial physiography refers to recently-deglaciated areas with very young, poorly-developed soils
and early-successional vegetation. We delineated the Glacial class using multiple lines of evidence,
including field data and maps of historical glacier extent (Figure 3). We calculated the percentage the
area of each AKNHP Land-Cover Map polygon that intersected the Historical Glacier Extent—1951
and Historical Glacier Extent—LIA. Map polygons that lie entirely within the LIA Maximum extent
and that did not belong to the physiographic units listed above were flagged as candidates for Glacial
physiography. We automatically assigned polygons that intersected the 1951 glacier extent to Glacial
physiography, except for large polygons that barely intersected the 1951 glacier extent, as well as
smaller polygons that represented areas of late-successional vegetation (e.g., “Sitka Spruce”
ecosystem and related land-cover classes). We reviewed Glacial candidate polygons in the vicinity of
large valley glaciers that have a recent history of dramatic retreat, such as McCarty and Northwestern
Fjords. Fjordlands in these areas tend to be dominated by intensely scoured, bedrock-dominated
slopes. We identified the uppermost occurrences of coniferous forest cover and mapped as Glacial
those candidate polygons that occur up-valley. We also reviewed nunataks and other high-elevation
polygons that had small areas of overlap with historical glacier extents and assigned them to Alpine
or Subalpine physiography as described below.

Alpine

The Alpine class encompasses high-elevation, non-glaciated mountain terrain that is dominated by
alpine tundra and barrens. Trees and tall shrubs are absent, plant productivity is low, and soil
development is largely linked to hillslope and periglacial (freeze-thaw) processes. Most Alpine areas
were delineated based on “Ecosystem” and “Land-cover Class ” attributes of the map polygons. For
example, the AKNHP classes “High Alpine Herbaceous” and “Dwarf Shrub” were diagnostic for
Alpine physiography. For problematic land-cover classes that also occurred below treeline (e.g.,
Mesic Herbaceous), we distinguished Alpine physiography based on elevation thresholds that were
developed to differentiate Alpine, Subalpine, and Upland physiographic classes. We modeled
elevation thresholds by first generating 200 random points within polygons that belonged to the
problematic land-cover classes. We then photo-interpreted the Upland/Subalpine and
Subalpine/Alpine breakpoints up- and downslope of the random points, and extracted the elevations
of these breakpoints using the GeoEye DEM. After discarding outliers, we calculated the mean
elevation of Upland/Subalpine/Alpine breaks, and compared these means to the mean elevation of
the unclassified map polygons. Polygons with a mean elevation above 503 m (1,650 ft) were
assigned to Alpine. We visually reviewed large map polygons with mean elevation >503 m, but that
extended to much lower elevations and assigned them to Alpine or Subalpine, based on the dominant
vegetation.

Subalpine
Subalpine physiography corresponds to montane areas that lie above treeline but support tall

shrublands within a complex mosaic that includes patches of herbaceous meadow, dwarf shrub
tundra, barrens, and late-lying snowbeds. Isolated patches of trees, commonly with dwarf,
“krumholz” growth form may be present. The redistribution of snow by wind and avalanche is a key
process in the Subalpine belt that results in high spatial variability in the depth and persistence of the
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snowpack, local disturbance regime, the physiognomy of vegetation, and therefore the characteristics
and evolution of soils. Polygons belonging to a few “Ecosystem” and “Land-cover” classes were
assigned to Subalpine physiography regardless of their elevation (e.g., “Krumholz). For the most
part, however, delineation of Subalpine physiography was difficult because many of the common
“Ecosystem” and “Land-cover” classes also occur above or below the subalpine belt. We therefore
developed elevation thresholds using the methods described above. Polygons with a mean elevation
below 503 m (1,650 ft), but above 238 m (780 ft) were flagged as candidates for Subalpine.
Candidate polygons that encompassed forest (non-Krumholz) vegetation were assigned to Upland
regardless of their elevation (see below). Additionally, we visually reviewed large polygons that
extended well below 238 m and recoded them according to the dominant vegetation.

Upland
The Upland unit corresponds to low-elevation hillslopes that are above the influence of saltwater

intrusion and spray, and are below the elevational limit of forest development. All unclassified map
polygons belonging to forested (non-Krumholz) Ecosystems and Land-cover Classes were assigned
to Upland. Additionally, other land-cover classes were assigned to Upland according to the elevation
thresholds described above.

Lowland

Lowland physiography pertains to topographically flat (not necessarily low-elevation) areas that are
not associated with modern floodplains or recently-drained lake basins. Lowland soils are generally
poorly-drained, organic-rich, and tend to support hydrophytic vegetation. The extent of Lowlands is
very limited in KEFJ due to the rugged topography and very recent glacial history. We visually
reviewed the physiography map in areas of flat terrain, almost exclusively along larger riparian
corridors such as the Resurrection River. Most Lowland polygons corresponded to old portions of
floodplains with mature vegetation (e.g., Sitka spruce), in which there is no evidence of recent
sedimentation or other fluvial processes.

Lacustrine

Lacustrine areas correspond to freshwater lakes and ponds, shorelines, and recently-drained lake
basins (~ <50 years). In KEFJ, Lacustrine areas range from large, deepwater lakes (e.g., Desire Lake)
to small kettle ponds. Most Lacustrine polygons were identified based on their “Ecosystem” and
“Land-cover Class” attributes. In a few cases, we also edited the original linework in the AKNHP
Land-Cover Map to delineate lakes and ponds that were not visible (shadowed or ice-covered) in the
airphotos used by AKNHP in the original mapping. We then coded as Glacial Lake, all lakes and
ponds that occurred adjacent to glaciers. Finally, we distinguished the remaining lacustrine
waterbodies as either Lowland Lake or Alpine Lake based on elevation. All waterbodies that were
above 238 m elevation, or that intersected Subalpine or Alpine physiography, were coded as Alpine
Lake. Low-elevation waterbodies were coded as Lowland Lake.

Bedrock Chemistry

The chemistry of both dominant bedrock types in KEFJ (granitic and metasedimentary) is acidic to
circumacidic. Bedrock chemistry was therefore not a primary driver of soil variability, so we did not
incorporate a bedrock chemistry layer into the ecotype and soils landscape models.
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Generalized Soil Texture

We did not develop a generalized soil texture layer for use in the ecotype and soils landscape models
because of the relatively simple bedrock geology of KEFJ (two major bedrock types). In addition,
soils are dominated by very young (recently-deglaciated) soils comprising coarse fragments and/or
bedrock in most of the park.

Land-Cover/Ecosystem/Physiography/Ecotype Crosswalk

After completing the ecotype classification, we created a table of all unique combinations of
physiography, and “Land-Cover Class” and “Ecosystem” values assigned to polygons in the original
AKNHP Land-Cover Map. After referring to the keys and descriptions of land-cover classes in Boggs
et al. (2008), and the plant associations (DeVelice et al. 1999) with which they were affiliated, we
then assigned each of the unique combinations to ecotype(s) (Appendix E). Combinations of
physiography, “Land-Cover Class” and “Ecosystem,” could often be assigned to a single ecotype
because many of the classes developed by AKNHP and ABR emphasize the species and growth form
of the dominant, canopy-forming vegetation. However, some AKNHP land-cover classes, such as
“Mesic Herbaceous,” were associated with multiple ecotypes and required aggregating similar
ecotypes into map ecotypes (see below). The process of identifying unique combinations of “Land-
Cover Class” and “Ecosystem” also helped to reveal unusual combinations that reflected errors in the
digitizing of the AKNHP Land-Cover Map from the original, hand-drawn mapping on mylar prints.

Map Ecotypes

Polygons in the AKNHP Land-Cover Map were delineated based on interpreting photo-signatures in
the high-resolution aerial photography. These photo-signatures are produced almost entirely by the
structure (growth-form and density) of the uppermost, canopy-forming layer of vegetation; attributes
that are seen from the birds-eye view of a passing aircraft or satellite. As a result, ecotypes with
similar vegetation structure (e.g., dwarf shrub) often share virtually identical photo-signatures but
have a different species composition (e.g., dwarf blueberry versus crowberry). To maintain
distinctions between ecotypes with differences in soils, vegetation, and/or disturbance regime and to
reduce the total number of ecotype classes mapped, we aggregated ecotypes with similar vegetation
structure into a reduced set of map ecotypes, which could be readily crosswalked to the AKNHP
Land-Cover Map polygons.

Soil Landscapes

Soil-landscape associations, hereafter “soil landscapes,” were identified to characterize and map
landscape-scale relationships between soil type, physiography, and vegetation class (the latter usually
related to one another via a successional sequence). Map ecotypes were aggregated into a reduced set
of soil landscape classes to achieve the level of generalization appropriate for mapping across the
entire study domain. Aggregating ecotypes to map ecotypes emphasized similarities in vegetation
structure (e.g., Subalpine Mesic Herbaceous Meadow), but the focus of the soil landscape
aggregation was on soils. Map ecotypes represent similar vegetation types with potentially different
soil textures, whereas soil landscapes represent aggregations of similar soil types. The soil landscapes
were developed by cross-tabulating ecotypes and soil subgroups within contingency tables to identify
associations of similar ecotypes with similar soil subgroups. The resulting associations were named
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based on physiography, soil texture, and the structure of canopy-forming vegetation (e.g., forest, tall
shrub, dwarf shrub).

We did not use the standard NRCS term “soil association,” because that term is defined to include
very different soils that are associated with each other along toposequences that repeat across the
landscape. In addition, soil associations are recognized in soil mapping to be large map units with
aggregated soil types. In this study, the term “soil landscape” refers to closely related soil types, and
the mapping is based on patch-scale polygons.

Disturbance Landscapes
Disturbance processes play a central role in the genesis and evolution of landforms, vegetation, and

soils. Important disturbance processes in KEFJ, such as glaciation, landslide, and windthrow, operate
across a range of spatial scales, frequencies, and intensities. Nonetheless, many of the map ecotypes
and soil landscapes can be grouped according to common disturbance regimes. Disturbance regime-
landscape associations, or Disturbance Landscapes, were developed to characterize and map broad-
scale relationships among soil type, physiography, vegetation, and the natural disturbance processes
with which they are associated. The resulting associations were named after the suite of processes
and disturbance agents identified for each aggregated ecotype.
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Results

Ecotypes and Plant Associations

We identified a total of 49 ecotypes in KEFJ based on analysis of field data obtained by AKNHP in
2004-2005 and ABR in 2013. Five additional ecotypes were identified based on qualitative field
observations (no data): Human-modified Barrens, Alpine Lake, Glacial Lake, River, and Riverine
Sandy-Loamy-Rocky Black Cottonwood Forest. The spatial distribution, typical landscape position
and geomorphic affinities, plant associations, dominant soil texture and chemistry, soil hydrologic
characteristics, and soil subgroups of each ecotype are summarized in the Ecotype Descriptions
section below. We also included a key to ecotypes to aid in the identification of ecotypes in the field.

A total of 87 previously described plant associations and 7 undefined vegetation types were
represented within the 49 ecotypes classified from the field data (Table 3). Plant associations for
KEFJ were primarily based on floristic analysis of vegetation in the Chugach National Forest (NF)
by DeVelice et al. (1999). These plant associations were subsequently modified by Boggs et al.
(2008) as part of the AKNHP land-cover mapping effort for KEFJ; these modifications primarily
entailed the addition of new associations. Because we mapped ecotypes across KEFJ using the
AKNHP land-cover map, we relied on the plant associations used by Boggs et al. (2008) to
summarize the floristic attributes of the ecotypes.

Twenty-seven ecotypes were associated with one or two plant associations, and 59 plant associations
described only one ecotype. These primarily represent narrowly-defined ecotypes (based on
vegetation) with low within-ecotype variability in species composition, and plant associations that
correspond to unique environmental conditions. For instance, the ecotype Coastal Sandy-Rocky
Brackish Goosetongue Tidal Flat and the plant association Goose Tongue represent a unique
combination of ecotype and plant association. This ecotype occurs on tidal flats and is dominainted
by Plantago maritima and very few other species. Twenty-two ecotypes had three or more plant
associations (Table 3). These include ecotypes that are more broadly defined (based on vegetation)
with higher within ecotype variability in species composition. These ecotypes were often aggregated
at the vegetation series level and so are similar based on the dominant species but have variable
understory species composition. An example is the ecotype Alpine Loamy-Rocky Crowberry-
Blueberry Dwarf Shrub, which is associated with 5 plant associations, including Crowberry,
Crowberry-Alpine Bearberry, Crowberry-Bog Blueberry, Crowberry-Bog Blueberry/Deer Cabbage,
and Crowberry-Bog Blueberry/Tufted Bulrush. These 5 plant associations have a common dominant
species, Empetrum nigrum, and the consistent presence of Vaccinium uliginosum, but have otherwise
unique species compositions. Additionally, 35 plant associations described more than one ecotype.
This was primarily related to plant associations that occur in a variety of environments dominated by
species with high environmental plasticity. For example, the plant association Sitka Alder-
Salmonberry/Lady Fern occurs in 4 ecotypes representing 4 physiography classes, including Glacial
Rocky Alder-Willow Tall Shrub, Riverine Sandy-Loamy-Rocky Alder-Willow Tall Shrub, Subalpine
Rocky Alder Tall Shrub, and Upland Rocky-Organic Alder Tall Shrub. This plant association is co-
dominated by Alnus sinuata and Rubus spectabilitis, two species that tolerate a diverse set of
environmental conditions and disturbance processes.
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Table 3. Crosswalk of abbreviated ecotype names with full ecotype name, plant communities, and Alaska Vegetation Classification level IV
vegetation classes in Kenai Fjords National Park, southcentral Alaska. Plant community classification follows DeVelice et al. (1999) and Boggs et
al. (2008). Vegetation classes follow Viereck et al. (1992).

Abbreviated Ecotype Name

Full Ecotype Name

Plant Community

Vegetation Class (Level 1V)

Alpine Lake

Alpine Loamy-Rocky Crowberry-
Blueberry Dwarf Shrub

Alpine Rocky Barrens

Alpine Rocky Luetkea Dwarf Shrub

Alpine Rocky Moist Sedge Meadow

Alpine Rocky-Loamy Cassiope-
Luetkea Dwarf Shrub

Alpine Rocky-Loamy Mountain
Heather Dwarf Shrub

Coastal Brackish Water

Coastal Rocky-Sandy Barrens

Alpine Lake

Alpine Loamy-Rocky Acidic
Crowberry-Blueberry Dwarf Shrub

Alpine Rocky Dry Barrens and
Partially Vegetated

Alpine Rocky Acidic Luetkea Dwarf
Shrub
Alpine Rocky Moist Acidic Sedge

Meadow

Alpine Rocky-Loamy Cassiope-
Luetkea Dwarf Shrub

Alpine Rocky-Loamy Moist Acidic
Mountain Heather Dwarf Shrub

Coastal Brackish Water

Coastal Rocky-Sandy Moist
Circumneutral Barrens and Partially
Vegetated

(none)

Crowberry, Crowberry-Alpine Bearberry,
Crowberry-Bog Blueberry, Crowberry-
Bog Blueberry/Deer Cabbage,
Crowberry-Bog Blueberry/Tufted Bulrush

Sparse

Arctic Willow/undefined, Nootka
Lupine/Luetkea

Small awned Sedge, undefined
Graminoid Herbaceous type

Steller’s Cassiope-Luetkea

Aleutian Mountain Heather/Deer
Cabbage, Aleutian Mountain
Heather/undefined, Aleutian Mountain
Heather-Steller's Cassiope

(none)

Dwarf Alkaligrass, Seaside Sandplant,
Sparse, unvegetated

(none)

Crowberry Dwarf Shrub Tundra,
Vaccinium Dwarf Shrub Tundra

Alpine Herbs, Ericaceous—-Lichen
Dwarf Shrub Tundra, Partially
Vegetated

Luetkea Dwarf Shrub Tundra, Alpine
Herbs, Mixed Herbs

Moist Sedge Meadow Tundra, Moist
Sedge—Herb Meadow Tundra, Alpine
Herbs

Cassiope Dwarf Shrub Tundra,
Ericaceous Dwarf Shrub Tundra,
Luetkea Dwarf Shrub Tundra, Open
Low Alder

Luetkea Dwarf Shrub Tundra,
Mountain-heath Dwarf Shrub Tundra,
Cassiope Dwarf Shrub Tundra,
Crowberry Dwarf Shrub Tundra,
Ericaceous Dwarf Shrub Tundra

(none)

Barren, Partially Vegetated
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Table 3. Continued.

Abbreviated Ecotype Name

Full Ecotype Name

Plant Community

Vegetation Class (Level 1V)

Coastal Rocky-Sandy Brackish Dwarf Alkali
Grass Tidal Flat

Coastal Rocky-Sandy Brackish Seaside
Sandplant Beach

Coastal Sandy-Loamy-Rocky Brackish
Sedge Meadow

Coastal Sandy-Rocky Beach Pea Meadow

Coastal Sandy-Rocky Beach Rye Meadow

Coastal Sandy-Rocky Bluejoint-Forb
Meadow

Coastal Sandy-Rocky Brackish
Goosetongue Tidal Flat

Glacial Lake

Glacial Rocky Alder-Willow Tall Shrub

Glacial Rocky Barrens

Coastal Rocky-Sandy Wet Brackish
Dwarf Alkali Grass Tidal Flat

Coastal Rocky-Sandy Moist
Brackish Seaside Sandplant Beach

Coastal Sandy-Loamy-Rocky Wet
Brackish Sedge Meadow

Coastal Sandy-Rocky Moist
Circumneutral Beach Pea Meadow

Coastal Sandy-Rocky Moist
Circumneutral Beach Rye Meadow

Coastal Sandy-Rocky Moist
Circumneutral Bluejoint-Forb
Meadow

Coastal Sandy-Rocky Wet Brackish
Goosetongue Tidal Flat

Glacial Lake

Glacial Rocky Moist Circumacidic
Alder-Willow Tall Shrub

Glacial Rocky Moist Circumneutral
Barrens and Partially Vegetated

Dwarf Alkaligrass

Seaside Sandplant

Common Spikerush, Lesser Saltmarsh
Sedge, Lyngbye's Sedge, Lyngbye's
Sedge/Mixed Herb, Lyngbye's
Sedge/Seaside Buttercup

Beach Pea

Beach Rye, Beach Rye/Mixed
Herbaceous, Beach Rye/Yarrow, Tall
Fireweed-Beach Rye

Bluejoint Reedgrass, Tall Fireweed

Goose Tongue

(none)

Sitka Alder, Sitka Alder/Bluejoint
Reedgrass, Sitka Alder/Wood Fern,
Sitka Alder-Salmonberry/Lady Fern,
Sitka Alder-Sitka Willow, Sitka Alder-
Sitka Willow/Bluejoint Reedgrass,

Alder/Sparse, undefined Bryoid,
unvegetated

Halophytic Grass Wet Meadow,
Halophytic Grass Wet Meadow,
brackish, Halophytic Herb Wet
Meadow

Halophytic Herb Wet Meadow

Halophytic Sedge Wet Meadow,
brackish, Halophytic Sedge Moist
Meadow, brackish, Halophytic
Sedge—Grass Wet Meadow,
Halophytic Sedge Wet Meadow,
saline

Elymus, Mixed Herbs

Elymus, Fireweed

Bluejoint Meadow, Bluejoint-Herb,
Fireweed, Mixed Herbs

Halophytic Herb Wet Meadow

(none)

Open Low Alder, Open Tall Alder,
Closed Tall Alder, Closed Tall
Alder-Willow, Open Low Alder—
Willow, Open Tall Alder-Willow

Barren, Dry Bryophyte




1€

Table 3. Continued.

Abbreviated Ecotype Name

Full Ecotype Name

Plant Community

Vegetation Class (Level 1V)

Glacial Rocky Fireweed

Glaciers and Perennial Snowfields,
Lacustrine Aquatic Forb Marsh

Lowland Lake

Lowland Organic-rich Wet Sedge Meadow

River

Riverine Rocky Dwarf Fireweed

Riverine Rocky Dwarf Shrub

Riverine Rocky-Sandy Willow Low and Tall
Shrub

Riverine Sandy-Loamy-Rocky Alder-Willow
Tall Shrub

Riverine Sandy-Loamy-Rocky Sitka Spruce
Forest

Glacial Rocky Moist Circumneutral
Fireweed

Glaciers and Perennial Snowfields

Lowland Lake

Lacustrine Aquatic Circumneutral
Forb Marsh

River

Riverine Rocky Moist Circumneutral
Dwarf Fireweed

Riverine Rocky Moist Circumneutral
Dwarf Shrub

Riverine Rocky-Sandy Moist
Circumneutral Willow Low and Tall
Shrub

Riverine Sandy-Loamy-Rocky Moist
Circumneutral Alder-Willow Tall
Shrub

Riverine Sandy-Loamy-Rocky Moist
Sitka Spruce Forest

Dwarf Fireweed, Tall Fireweed

Unvegetated, Sparganium sp., Swamp
Horsetail, undefined Forb Herbaceous

type

(none)

Tall Cottongrass, Tall

Cottongrass/undefined, Tufted Bulrush

(none)

Dwarf Fireweed

Arctic Willow/undefined, Arctic Willow-

Crowberry

Sitka Willow

Sitka Alder, Sitka Alder/Splendid

Feather Moss, Sitka Alder/undefined,
Sitka Alder-Barclay Willow, Sitka Alder-

Devil's Club, Sitka Alder-Feltleaf
Willow, Sitka Alder-Feltleaf
Willow/Bluejoint Reedgrass, Sitka
Alder-Salmonberry, Sitka Alder-

Salmonberry/Lady Fern, Sitka Alder-

Sitka Willow, Sitka Alder-Sitka

Willow/Bluejoint Reedgrass, undefined

Low Scrub type

Sitka Spruce/Salmonberry-Devil's
Club, Sitka Spruce/Sitka Alder

Bluejoint-Herb, Seral Herbs

Barren, Burreed, Emergent
Horsetail, Subarctic Lowland Herb
Wet Meadow

(none)

Subarctic Lowland Sedge Bog
Meadow, Wet Sedge—Herb
Meadow Tundra, Subarctic
Lowland Sedge Wet Meadow

(none)

Seral Herbs

Ericaceous Dwarf Shrub Tundra,
Crowberry Dwarf Shrub Tundra

Closed Low Willow, Closed Tall
Willow, Open Low Willow, Open
Tall Willow

Open Tall Alder, Open Low Alder,
Closed Tall Alder, Closed Low
Alder—Willow, Closed Tall Alder-
Willow, Open Tall Alder-Willow,

Open Sitka Spruce Forest, Open
Tall Alder-Willow
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Table 3. Continued.

Abbreviated Ecotype Name

Full Ecotype Name

Plant Community

Vegetation Class (Level 1V)

Riverine Sandy-Rocky Black Cottonwood
Forest

Subalpine Rocky Alder Tall Shrub

Subalpine Rocky Barrens

Subalpine Rocky Dwarf Mountain Hemlock
Woodland

Subalpine Rocky Fireweed-Forb Meadow

Subalpine Rocky-Loamy Luetkea-Mountain
Hairgrass Meadow

Subalpine Rocky-Loamy Moist Graminoid
Meadow

Subalpine Rocky-Loamy Sitka Spruce
Woodland

Subalpine Rocky-Loamy-Organic
Copperbush Low Shrub

Riverine Sandy-Rocky
Circumneutral Moist Black
Cottonwood Forest

Subalpine Rocky Acidic Moist Alder

Tall Shrub

Subalpine Rocky Moist Acidic
Barrens and Partially Vegetated

Subalpine Rocky Moist Acidic Dwarf

Mountain Hemlock Woodland

Subalpine Rocky Moist Acidic
Fireweed-Forb Meadow

Subalpine Rocky-Loamy Moist

Acidic Luetkea-Mountain Hairgrass

Meadow

Subalpine Rocky-Loamy Moist
Acidic Graminoid Meadow

Subalpine Rocky-Loamy Moist
Acidic Sitka Spruce Woodland

Subalpine Rocky-Loamy-Organic

Moist Acidic Copperbush Low Shrub

Black Cottonwood/Sitka Alder

Sitka Alder/Bluejoint Reedgrass, Sitka
Alder/Lady Fern, Sitka
Alder/undefined, Sitka Alder-Barclay
Willow, Sitka Alder-Salmonberry, Sitka
Alder-Salmonberry/Lady Fern

Sparse, unvegetated

Mountain Hemlock/Steller's Cassiope

Northern Geranium, Tall Fireweed,
undefined Forb Herbaceous type

Longawned Sedge, Luetkea/Mountain
Hairgrass, Nootka Lupine/Luetkea

Bluejoint Reedgrass, Bluejoint
Reedgrass/Willow, Longawned Sedge,
Smallflowered Woodrush, undefined
Herbaceous type

Sitka Spruce/Sitka Alder, Sitka
Spruce/undefined

Copperbush

Open Black Cottonwood, Closed
Black Cottonwood

Mixed Herbs, Closed Tall Alder,
Open Tall Alder-Willow, Closed
Low Salmonberry, Open Low
Alder, Open Tall Alder

Alpine Herbs, Partially Vegetated,
Barren

Open Dwarf Mountain Hemlock

Mixed Herbs

Moist Sedge Meadow Tundra,
Ericaceous Dwarf Shrub Tundra,
Luetkea Dwarf Shrub Tundra,
Mixed Herbs

Bluejoint-Herb, Midgrass—Herb,
Mixed Herbs, Hair-grass, Moist

Sedge—Herb Meadow Tundra,
Moist Sedge Meadow Tundra,

Sitka Spruce Woodland

Open Low Ericaceous Shrub
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Table 3. Continued.

Abbreviated Ecotype Name

Full Ecotype Name

Plant Community

Vegetation Class (Level 1V)

Subalpine Rocky-Loamy-Organic Deer
Cabbage Slope Fen

Subalpine Rocky-Loamy-Organic Deer
Cabbage-Forb Meadow

Subalpine Rocky-Loamy-Organic Fern
Meadow

Upland Loamy-Organic Deer Cabbage
Slope Fen

Upland Organic-rich Wet Sedge Slope Fen

Upland Rocky Black Cottonwood Forest

Upland Rocky Sitka Spruce-Alder Forest

Upland Rocky Sitka Spruce-Feathermoss
Forest

Upland Rocky-Loamy Lady Fern Meadow

Subalpine Rocky-Loamy-Organic
Moist Acidic Deer Cabbage Slope
Fen

Subalpine Rocky-Loamy-Organic
Moist Acidic Deer Cabbage-Forb
Meadow

Subalpine Rocky-Loamy-Organic
Moist Acidic Fern Meadow

Upland Loamy-Organic Wet Acidic
Deer Cabbage Slope Fen

Upland Organic-rich Wet
Circumneutral Sedge Slope Fen

Upland Rocky Moist Circumneutral
Black Cottonwood Forest

Upland Rocky Moist Acidic Sitka
Spruce-Alder Forest

Upland Rocky Moist Acidic Sitka
Spruce-Feathermoss Forest

Upland Rocky-Loamy Moist Acidic
Lady Fern Meadow

Aleutian Mountain Heather/Deer
Cabbage, Crowberry-Bog
Blueberry/Deer Cabbage, Deer
Cabbage, Sitka Spruce/undefined

Deer Cabbage

Lady Fern, Salmonberry/Lady Fern

Deer Cabbage

Deer Cabbage/Tufted Bulrush,
Fewflower Sedge, Tall
Cottongrass/undefined, Tall
Cottongrass-Tufted Bullrush, Tufted
Bulrush

Black Cottonwood/Sitka Alder

Sitka Spruce/Devil's Club, Sitka
Spruce/Early Blueberry-Devil's Club,
Sitka Spruce/Salmonberry-Devil's
Club, Sitka Spruce/Sitka Alder, Sitka
Spruce/Sitka Alder-Devil's Club

Mountain Hemlock-Sitka
Spruce/undefined, Sitka
Spruce/Splendid Feather Moss, Sitka
Spruce/undefined

Lady Fern

Crowberry Dwarf Shrub Tundra,
Ericaceous Dwarf Shrub Tundra,
Mountain-heath Dwarf Shrub
Tundra, Open Dwarf Mountain
Hemlock, Subarctic Lowland Herb
Wet Meadow, Sitka Spruce
Woodland

Mixed Herbs

Ferns, Mixed Herbs

Mixed Herbs, Subarctic Lowland
Herb Wet Meadow

Wet Sedge—Herb Meadow
Tundra, Subarctic Lowland Sedge
Wet Meadow, Subarctic Lowland
Sedge Bog Meadow, Subarctic
Lowland Sedge Bog Meadow,

Open Black Cottonwood Forest

Closed Sitka Spruce, Open Sitka
Spruce Forest, Sitka Spruce
Woodland, Mixed Conifer
Woodland, Closed Sitka Spruce

Open Mixed Coastal Conifer,
Closed Sitka Spruce, Open Sitka
Spruce Forest, Sitka Spruce
Woodland

Ferns, Mixed Herbs
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Table 3. Continued.

Abbreviated Ecotype Name

Full Ecotype Name

Plant Community

Vegetation Class (Level V)

Upland Rocky-Loamy-Organic Mountain

Hemlock-Early Blueberry Forest

Upland Rocky-Loamy-Organic Mountain

Hemlock-Sitka Spruce Forest

Upland Rocky-Loamy-Organic Salmonberry

Low Shrub

Upland Rocky-Loamy-Organic Sitka Spruce-

Early Blueberry Forest

Upland Rocky-Organic Alder Tall Shrub

Upland Rocky-Loamy-Organic
Acidic Moist Mountain Hemlock-
Early Blueberry Forest

Upland Rocky-Loamy-Organic
Acidic Moist Mountain Hemlock-
Sitka Spruce Forest

Upland Rocky-Loamy-Organic Moist
Acidic Salmonberry Low Shrub

Upland Rocky-Loamy-Organic
Acidic Moist Sitka Spruce-Early
Blueberry Forest

Upland Rocky-Organic Moist Acidic
Alder Tall Shrub

Mountain Hemlock/Bog Blueberry,
Mountain Hemlock/Early Blueberry,
Mountain Hemlock/Early Blueberry-
Copperbush, Mountain Hemlock/Early
Blueberry-Deer Cabbage, Mountain
Hemlock/Early Blueberry-Devil's Club,
undefined Forest type

Mountain Hemlock-Sitka Spruce/Early
Blueberry, Mountain Hemlock-Sitka
Spruce/Early Blueberry/Wood Fern,
Mountain Hemlock-Sitka Spruce/Early
Blueberry-Devil's Club, Mountain

Hemlock-Sitka Spruce/Early Blueberry-
Salmonberry, Mountain Hemlock-Sitka

Spruce/undefined

Salmonberry, Salmonberry/Lady Fern

Sitka Spruce/Devil's Club, Sitka
Spruce/Early Blueberry, Sitka
Spruce/Early Blueberry-Devil's Club,
Sitka Spruce/Early Blueberry-Wood
Fern, Sitka Spruce/Salmonberry-
Devil's Club

Sitka Alder/Lady Fern, Sitka
Alder/undefined, Sitka Alder/Wood
Fern, Sitka Alder-Devil's Club, Sitka
Alder-Salmonberry, Sitka Alder-
Salmonberry/Lady Fern

Open Dwarf Mountain Hemlock,
Closed Mountain Hemlock, Open
Mountain Hemlock, Closed Mixed
Coastal Conifer

Closed Mixed Coastal Conifer,
Open Mixed Coastal Conifer,
Closed Sitka Spruce,

Closed Low Salmonberry, Open
Tall Alder, Closed Low
Salmonberry

Closed Sitka Spruce, Open Sitka
Spruce Forest, Sitka Spruce
Woodland,

Closed Tall Alder, Open Tall
Alder, Closed Low Salmonberry,
Closed Tall Alder, Open Tall
Alder-Willow




Key to Ecotypes

The Key to Ecotypes (Table 4) for KEFJ provides the end-user of this Ecological Land Survey and
Soils Landscape study with an organized means by which to identify ecotypes in the field. While not
technically a dichotomous key, the ecotype key is very similar, leading the user through a series of
logical conditions that include both vegetation composition and environment, including
physiography, soils, slope, and elevation. The criteria used in the key were chosen for ease of
identification in the field. A Geographic Positioning System (GPS), inclinometer (used for measuring
slope gradient), and Electrical Conductivity (EC) meter (for coastal ecotypes) are useful tools to have
available when using this key in the field. Additionally, an understanding of basic soil properties,
including general soil texture (e.g., loamy vs. sandy) and access to a shallow (40 cm) soil pit or plug
are useful in some cases for identifying ecotypes using this key. However, technical soil properties,
including epipedon, diagnostic subsurface horizons, particle size, and soil depth were purposefully
excluded from the Ecotype Key as these are often difficult to determine in the field. Extra time and
specialized equipment and skills are required to excavate a full (1 m) soil pit for proper data
collection and description. When determining an ecotype using the Key to Ecotypes, it is
recommended that the user compare the description (vegetation, soils, general environment) of the
ecotype at the terminal node to that observed in the field before finalizing their selection. See below
for instructions on using the Ecotype Key. See also the section entitled “How to use this Ecological
Land Survey and Mapping” at the beginning of this document for more information on when to use
this Ecotype Key.

Instructions

1) When in the field in KEFJ, select a homogeneous patch of vegetation at least 314 to 1,000 m2 in
area, avoiding transitions between vegetation types, landforms, or slope positions (i.e., ecotones).

2) Use the Key to Physiography Class for Kenai Fjords National Park (Figure 4) to determine the
physiography class of the site selected in Step 1.

3) Go to the appropriate physiography section in the Key to Ecotypes and follow the leads to
determine the ecotype in the area selected in Step 1.

4) To help verify the ecotype determined above refer to the Ecotype Descriptions section (below),
the environmental site-factor summaries (Table 5), and the constancy/cover tables (Tables 6-10)
and find the ecotype determined above. Read through the vegetation and environment description
and review the common (>60% frequency of occurrence) species in the constancy/cover table.
Compare this to vegetation and environment observed at the site selected in Step 1.

5) Ifthe Key to Ecotypes leads to an “undefined” type go back to the beginning of the physiography
section and work back through the key and subtract 5% from the species or lifeform cover
cutpoints.
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Table 4. Ecotype Key for Kenai Fjords National Park.

Alpine Ecotype Key
1a. Permanent WaterOQY ..........uuiiiiiiiiiiiiiiei et et e e e e e e e e e e e s e e e e e e e s e —r e e e e e e s e rareaaaeeaaaae Alpine Lake
o T o = = L =T oo Lo T PSP PR PUPRPP 2
2a. Total vascular plant CoVEr KB0%0......uuuuiiieiiiiiiiieieee e e e i ee e e e e s e e e e e e s srbre e e e e e s e s ssaaees Alpine Rocky Barrens
2b. Vegetation cover (vascular SPeCies ONIY) 23090 ...veeirurrriiiiiiieiiiiee it 3
3a. Combined cover of dwarf shrubs 225% (sometimes as 10w as 15%0) .........cccccvevririeiiiiiee s 4

4a.

4b.

4c.

4d

4e.

Vegetation is dominated (215%) by
Phyllodoce aleutica............cccovvveeeiiiieeeiiieeene Alpine Rocky-Loamy Mountain Heather Dwarf Shrub

Vegetation is co-dominated (combined cover 215%) by Cassiope stelleriana
and Luetkea pectinata ...........cccoocveeeviverennnn. Alpine Rocky-Loamy Cassiope-Luetkea Dwarf Shrub

Vegetation is dominated (cover 210-15%) by Luetkea pectinata.............cccccoevvvveieeeee i 5

5a. Luetkea pectinata cover <20%, Artemisia arctica and/or Sibbaldia procumbens
typically PreSENt......cciiieiiiiiiee e Alpine Rocky Luetkea Dwarf Shrub

5b. Luetkea pectinata cover less than 220%, Vahlodea atropurpurea typically present.....................
.................................................. Subalpine Rocky-Loamy Luetkea-Mountain Hairgrass Meadow

Vegetation is dominated (cover 215%) by Empetrum nigrum, and Vaccinium uliginosum presen ......
.................................................................... Alpine Loamy-Rocky Crowberry-Blueberry Dwarf Shrub

Vegetation is dominated by species other than above .................. Undefined alpine dwarf shrub type

3D. DWAIT SNIUD COVEE K25%0 ...uvvvuruiiieiriiiiiitiiiiirauitataesssrarsrsrsraaarara,————a———aa———aaraaaaararassassasssssssssnsnsssnsssnsnsnsnnnsnsnnn 6

6a. Vegetation is dominated (cover >15%) either singly or in combination by
sedges, most commonly Carex microchaeta or C. nesophila, and/or woodrushes,
most commonly Luzula arcuata ssp. unalaschensis, and/or
L. wahlenberdii SSp. PIPEri......ccccvviriieeeiniiieiiiiee e Alpine Rocky Moist Sedge Meadow

6b. Vegetation NOt 8S ADOVE. ...........iii i

Coastal Ecotype Key

1a. Permanent WaterDOAY .........oooviiiiiiiii s Coastal Brackish Water
i o T o] A= V= 1 (=T ¢ o To o | TP T PP UPPPPTOt 2
2a. Site is located on active beach deposits, tidal flats, or sea cliffs and vegetation is barren or
partially vegetated where total vascular plant cover <30%" ............cc.cccoovveenn. Coastal Rocky-Sandy Barrens
2b. Vegetation cover (vascular SPECIES ONIY) 23090 .....ccouvriiiiiriieiiiiee ittt e et 3
3a. Site is located at or below average high tide line on active tidal flat, alluvial-marine deposits,
or lagoon deposits and experiences regular flooding by salt water ..........ccccooiiiiiiiiiiiiiiii e, 4
4a. Vegetation is dominated by
Puccinellia nutkaensis ............cccocuuveee. Coastal Rocky-Sandy Brackish Dwarf Alkali Grass Tidal Flat
4b. Vegetation is dominated by
Plantago maritima ..........cccccceeeiiiiiiiieeneennis Coastal Sandy-Rocky Brackish Goosetongue Tidal Flat
4c. Vegetation is dominated by
Carex lyngbyaei ........cccceviiieeiiiicnnen. Coastal Sandy-Loamy-Rocky Wet Brackish Sedge Meadow
4d. Vegetation is dominated by species other than above ............cccccoiiiiinnns Undefined coastal type

3b. Site is located at or above average high tide line on active or inactive beach deposits, beach ridges,
or sand dunes, is not affected by normal high tides, but is affected regularly or irregularly by storm

surges

ANA/OT SAIL SPIAY .ottt et e e oottt e e e e s e kb bt ettt e e e e e s abbe e e e e e e e e e nbbbe e e e e e e e e e bbbbeeeeeeeaannnnnreeeas 5
5a. Vegetation is dominated by Leymus mollis .............. Coastal Sandy-Rocky Beach Rye Meadow
5b. Vegetation is dominated by Calamagrostis canadensis and

Epilobium angustifolium...........ccccccciiiiieiiniieenns Coastal Sandy-Rocky Bluejoint-Forb Meadow

! Lifeform and species cover cutpoints represent approximate guidelines; classification should also rely on dominant indicator
species and landscape position.
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Table 4. (continued) Ecotype Key for Kenai Fjords National Park.

5c. Vegetation is dominated by Lathyrus maritimus ...... Coastal Sandy-Rocky Beach Pea Meadow

5d. Vegetation is dominated by
Honckenya peploides ...........cccccc...... Coastal Rocky-Sandy Brackish Seaside Sandplant Beach

5e. Vegetation is dominated by species other than above ........................... Undefined coastal type

Glacial, Alpine Glacial, and Glacier Ecotype Key
la. Ice cap, glacier, or permanent snow field...........ccccceeeeiiiiiii e
1b. Not an ice cap, glacier, or permanent snow field
2a. Permanent WaterDOOY ..........ooi ittt e e e e et e e e e e e e e e e e e e e e raeeeas
b4 o T [0 1 A= 1= L (=14 o To Lo Y2 PR
3a. Physiography is Glacial AlPINe .........cooiiiiiiiii e
1T o T = 1) VT T To =T o] ) YA ] - T = U PU PSP
4a. Total vascular plant CoVer <3090 .......ccccuvreiiieeei e e
4b. Vegetation cover (vascular Species ONlY) 230% .......cccccuvieiiiieeiiiiie it
5a. Combined cover of tall (>1.5 m) shrubs 225%
6a. Vegetation is dominated (=225%) by Alnus sinuata, and Salix spp., most commonly

S. sitchensis, often co-dominant ..............cccoeevvevvnnnnn. Glacial Rocky Alder-Willow Tall Shrub
6b. Vegetation not as above...........cccovviiiiiiieii Undefined glacial tall shrub type
5D. Tall SNIUD COVEI K250ttt ettt nb et sire e s 7
7a. Vegetation is dominated (225%) by low and
dwarf Shrub COVET ... Undefined glacial type
7b. Low and dwarf shrub cover less than 25%, herbaceous species dominant .............. 8
8a. Epilobium latifolium with the greatest cover of
any vascular Plant ... Glacial Rocky Fireweed
8b. Vegetation is dominated by herbaceous species other than
Epilobium latifolium ............ccoooiiiniiiiies Undefined glacial herbaceous type

Lowland and Lacustrine Ecotype Key

la. Permanent waterbody and vascular SPECieS COVEN SLOYD......ceiiuriiiiiiiiieiiiee ettt 2
2a. Waterbody is located at greater than or equal to approximately 500 m (+/- 100 m) above
mean sea level AND is above tIMDErline ... Alpine Lake
2b. Waterbody is located at less than 500 m (+/- 100 m) above mean sea level AND is
DEIOW tIMBDEITING ... e Lowland Lake
1b. Not a waterbody or vascular SPECIES COVEI ZL0U0........uuviiiurreeiiiiiie ettt ettt e e st s e e s e e e abre e e s s 3
3a. Site is a waterbody or portion thereof (i.e., lake margin) and
VASCUIAr SPECIES COVET IS ZLOU0 ...evevieinitiieeeetiste ettt sttt ettt st et e s sbe e e st et e e eneebeeeneanennenes 4
4a. Forb species, most commonly Equisetum fluviatile or Sparganium angustifolium,
with the greatest cover (either singly or combined) of any vascular plant........ Lacustrine Forb Marsh
4b. Vegetation dominated by a lifeform other than forbs ............cccccoiiiiienn. Undefined lacustrine type
3. NOE 8 WALEIDOAY.......eeeeeee ettt e e e ettt e e e e e s bbbt et e e e e e s e bbbt e e e e e e e sansbbneeeaeeean 5
5a. Site located in a recently drained lake basin ...........cccccovveiiniiieeniieen. Undefined lacustrine type
5b. Site located NOt 8S @DOVE ........cocviiiiiiiii e 6

6a. Sedge species with the greatest cover (either singly or combined) of any
vascular plant, most commonly Carex aquatilis, Eriophorum angustifolium,
and/or Trichophorum alpinum ...........cccceviiieeeiniee e, Lowland Wet Sedge Meadow

6b. Vegetation Not as aboVve...........ccooiiiiiiiiiiiiii e Undefined lowland type
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Table 4. (continued) Ecotype Key for Kenai Fjords National Park.
Riverine Ecotype Key

1a. Permanent WaterOQY ..........uuiiiiiiiiiiiiis ettt e e e et e e e e e s e e e e e e e s e —— e e e e e e s e et — e r e e e e e e atareaaaaeas River
o T o = = L =T oo Lo T PSP PR PUPRPP 2
2a. Site is located on river bars and active channel deposits on alluvial fans and vegetation
is barren or partially vegetated where total vascular plant cover <30%....................... Riverine Rocky Barrens
2b. Vegetation cover (vascular SPECIES ONIY) 2300 .....cccuvueieriiiieiiiieeiiiiee ettt et e e st e s sbe e e sbbe e e snnaeee s nnnes 3
3a. Vegetation is forest (>25% tree cover) or woodland (10—25% tre€ COVEN).........eueieeeiiiiiriieeeeeaiaiiiiieeaaaenns 4
4a. Site is dominated (contributing >75% of tree cover)
by Picea Sitchensis.........cccccveiive e Riverine Sandy-Loamy-Rocky Sitka Spruce Forest
4b. Less than 75% of tree cover is contributed by Picea sitchensis, and over 75% of tree cover is
contributed by Populus trichocarpa ..........ccccccoveeeen. Riverine Sandy-Rocky Black Cottonwood Forest
4c. Vegetation NOt as @bOVe...........eiiiiiiiiiiiiiieee e Undefined riverine forested type
3b. Vegetation is dominated (225% foliar cover) by shrub or herbaceous species.............ccccccviiniiciicnne, 5
5a. Vegetation dominated by low (0.2 to 1.5 m) and/or tall (>1.5 m) shrubs ..............ccccevviininnnn, 6

6a. Vegetation is dominated or co-dominated (>25% foliar cover) by Alnus sinuata; Salix spp.
may or may not be co-dominant...... Riverine Sandy-Loamy-Rocky Alder-Willow Tall Shrub

6a. Vegetation is dominated Salix spp. (most commonly S. barclayi and/or S. sitchensis) and
Alnus sinuata, when present, occurs at low abundance (<25% foliar cover)...........cccccco......
............................................................... Riverine Rocky-Sandy Willow Low and Tall Shrub

5b. Vegetation dominated by dwarf (<0.2 m) shrubs, namely Salix arctica, Empetrum nigrum,

Cassiope stelleriana, and/or Phyllodoce aleutica ...............ccceeenneee. Riverine Rocky Dwarf Shrub
5c. Vegetation dominated by herbaceous vegetation............ccccoviivieiiiiie i 7
7a. Epilobium latifolium with the greatest cover of
any vascular plant ..........cccccoveeeiniee Riverine Rocky Dwarf Fireweed
7b. Vegetation is dominated by herbaceous
species other than Epilobium latifolium .............. Undefined riverine herbaceous type

Subalpine Ecotype Key

la. Total vascular plant COVEI KBOYD .......uuuiiiiiieiiiiiieiee et e e e e e e e e e s neeeeeeas Subalpine Rocky Barrens
1b. Vegetation cover (vascular SPECIES ONIY) Z30%0......cceiuuiiiiiiiie ittt e e e sbre e 2
2a. Vegetation is forest (>25% tree cover) or woodland (10-25% tree cover), site is dominated by Picea
Sitchensis and/Or TSUQA MEMTENSIANE .......cceitiiuttieiee e ettt e e e ettt e e e e e s tb b e e e e e e e s e tbbereeaeeesaasnbrreeeeeeeaanneneeeas 3
3a. Vegetation is woodland and trees are dwarf (<3 m in height) in stature due to environmental constraints,
€.0., NIGN EIEVALION. ...ttt e e e e e st e e e e e e st b b e e e e e e e e nnnnneeeas 4
4a. Dominant tree species is
Tsuga mertensiana........ccccoeevevvviieeeeeeneninnenn. Subalpine Rocky Dwarf Mountain Hemlock Woodland
4b. Dominant tree species is Picea sitchensis.............. Subalpine Rocky-Loamy Sitka Spruce Woodland
3b. Vegetation is forest or woodland and trees are not dwarf in stature................... Undefined subalpine type
2b. Vegetation is N0t fOrest Or WOOIANG ..........ceiiiiiiiieiiiee e e 5
5a. Vegetation is dominated (225% foliar cover) by dwarf (<0.2 m), low (0.2—1.5 m),
OF tall SNIUDS (315 M) 1o 6
6a. Vegetation dominated (225%) by tall SNIUDS...........oooiiiiiiii e 7
7a. Vegetation dominated by Alnus sinuata ................. Subalpine Rocky Alder Tall Shrub
7b. Vegetation dominated by species other than
AL SINUALA ..o Undefined subalpine tall shrub type
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Table 4. (continued) Ecotype Key for Kenai Fjords National Park.

6b. Vegetation dominated by oW ShrubS ... 8
8a. Vegetation dominated by Alnus sinuata ........ Subalpine Rocky Alder Tall Shrub
8h. Cladothamnus pyrolaeflorus cover greater than any other individual low shrub

SPECIES ..ovvveeeeeiiiee, Subalpine Rocky-Loamy-Organic Copperbush Low Shrub
8b. Vegetation dominated by species other than
Cladothamnus pyrolaeflorus....................... Undefined subalpine low shrub type
6c. Vegetation dominated (225%) by dwarf shrubs, herbaceous species sometimes
overtopping prostrate shrubs and appearing to be dominant .............ccccooeiiieiiee e, 9

9a. Vegetation is dominated (215%) by Phyllodoce aleutica or is co-dominated
by Cassiope stelleriana and Luetkea pectinata.............ccccvveeeeeeenniiiiiieeneenn.

10a. Luetkea pectinata cover <20%, Artemisia arctica and/or Sibbaldia
procumbens typically present...... Alpine Rocky Luetkea Dwarf Shrub

10b. Luetkea pectinata cover less than =20%, Vahlodea atropurpurea
EYPICAIY PrESENT ..ottt et
........... SubalpineRocky-LoamyLuetkea-Mountain Hairgrass Meadow

10c. Vegetation not as above.......... Undefined subalpine dwarf shrub type
5b. Vegetation not dominated DY ShIUDS .........cc.oiiiiiiiiii e 11
11a. Vegetation dominated by herbaceous species............cccccevvvveennnen. 12
12a. Graminoid species cover dominates
(225% combined COVEN)........cccuiiiiiiiiiiiieiee e 13

13a. Dominant graminoids most commonly include
Trichophorum caespitosum, Eriophorum angustifolium,
Carex pauciflora, and/or Carex nigricans, Sphagnum
spp.
and Geum calthifolium common (25%), soils wet.............
............................................... Go to Upland Ecotype Key

13b. Dominant graminoids most commonly Carex
macrochaeta
and/or Calamagrostis canadensis, soils moist.................
........ Subalpine Rocky-Loamy, Moist Graminoid Meadow

13c. Vegetation or soils not as above...................... Undefined
subalpine graminoid type OR try Alpine Ecotype Key
12b. Graminoid species cover not dominant .............cccvveveeeeeeinnnns 14

14a. Epilobium angustifolium with the greatest cover of
any vascular Plant..........ccoccvieeeiiiee e
....................... Subalpine Rocky Fireweed-Forb Meadow

14b. Vegetation is dominated (220%) by Athyrium filix-femina
.............. Subalpine Rocky-Loamy-Organic Fern Meadow

14c. Vegetation dominated by (=25%) Fauria crista-galli .... 15

15a. Phyllodoce aleutica, Sphagnum spp., and Geum
calthifolium common (25%)..................... Subalpine
Rocky-Loamy-Organic Deer Cabbage Slope Fen

15b. Phyllodoce aleutica, Sphagnum spp., and Geum
calthifolium rare (<5%), Sanguisorba stipulata and
Veratrum viride ssp. eschscholtzii common (=25%),
Vahlodea atropurpurea and/or Carex macrochaeta

often present at low abundance.............. Subalpine
Rocky-Loamy-Organic Deer Cabbage-Forb
Meadow

39



Table 4. (continued) Ecotype Key for Kenai Fjords National Park.

15c. Vegetation not as above ...........cccceeeveeeiiiiiiiiieeneenn.
........... Undefined Fauria crista-galli subalpine type

14d. Vegetation not dominated by above

SPECIES ...oeeeennnne Undefined herbaceous subalpine type
12c. Vegetation not as above..................... Undefined subalpine type
Upland Ecotype Key
la. Total vascular plant COVEI KBODD .......uuuiiiieeeiiiiiiiie e e ettt e e e e e ettt e e e e e e e anebaeeeeaeeeaannnneeeaaaaaan Undefined upland type
1b. Vegetation cover (vascular SPECIES ONIY) Z30D0......ccciuuiiiiuiieeiiiiieeriiieestiee e ettt e see e e sbr e e e asbbe e e s sbeeeesnbreeesbeeeesnnnes 2
2a. Vegetation is forest (>25% tree cover) or [rarely] woodland (10—25% tree COVEN) .........ccovvvvrrieeeeeeiiiiiinieeeeeennn 3
3a. Site is dominated (contributing >75% of tree cover) by needleleaf (conifer) tree species,

namely Picea sitchensis and/or Tsuga MerteNSIANA..............eviieiiiiiiiiiiie e e e e e e e e sirrre e e e e e s sebaareeeaee s 4

4a. Trees are dwarf (<3 m in height) in stature due to due to
environmental constraints, e.g., high elevation..............cccccccceeeeiinnee. Go to Subalpine Ecotype Key
4b. Trees are NOt AWAIT IN STAIUIE......ccoiiiiii ittt e e e st e e e stee e e s nneeeeeenteeeenaes 5

5a. Picea sitchensis and Tsuga mertensiana each contribute 25 to 75% to the tree cover................
...................................... Upland Rocky-Loamy-Organic Mountain Hemlock-Sitka Spruce Forest

5b. Tsuga mertensiana is at least 75% oOf the total tree COVEr.........cooviiiiiiiiiieeiiiiee e 6
6a. Vaccinium ovalifolium cover is at
least 15% ........... Upland Rocky-Loamy-Organic Mountain Hemlock-Early Blueberry Forest

6b. Total cover of understory vascular plant species is less than 15% and feathermosses,
most commonly Rhytidiadelphus loreus, Hylocomium splendens, Pleurozium
schreberi, and/or Ptilium crista-castrensis, abundant (combined cover 225%) .....................
................................................................. Upland Rocky Sitka Spruce-Feathermoss Forest

6c. Vegetation not as above...........ccccoevieeiiiiieenne Undefined upland Tsuga mertensiana type
5c. Picea sitchensis is at least 75% of the total tre€ COVEr.........oooviiiiiiiiiiiiie e 7
7a. Alnus sinuata cover 215%...........cccocverennen. Upland Rocky Sitka Spruce-Alder Forest
7b. Alnus sinuata cover <15% and Vaccinium ovalifolium cover is at
least 15% ........... Upland Rocky-Loamy-Organic Sitka Spruce-Early Blueberry Forest
7c. Total cover of understory vascular plant species is less than 15% and
feathermosses,

most commonly Rhytidiadelphus loreus, Hylocomium splendens, Pleurozium
schreberi, and/or Ptilium crista-castrensis abundant (combined cover 225%) .............
........................................................ Upland Rocky Sitka Spruce-Feathermoss Forest

7d. Vegetation not as above..........coccveeieeieennnns Undefined upland Picea sitchensis type

3b. Less than 75 percent of tree cover is contributed by needleleaf (conifer) species, and over 75% of
tree cover is contributed by Populus trichocarpa...........ccccceouvee. Upland Rocky Black Cottonwood Forest

3C. Vegetation NOt 8S aDOVE .........oocviiiiiiiiiiiee e Undefined upland forested type
2b. Vegetation is N0t fOrest OF WOOAIANG. .........cuuiiiiiiiie ittt e enne e 8

8a. Vegetation is dominated (225%) by dwarf (<0.2 m), low (0.2-1.5 m),
or tall SNrUDS (31.5 M) e 9

9a. Vegetation dominated by tall Shrubs ... 10
10a. Alnus sinuata cover 225%.... Upland Rocky-Organic Alder Tall Shrub
10b. Alnus sinuata cover <25%................ Undefined upland tall shrub type

9b. Vegetation dominated by low Shrubs ..........ccccoviiiiiiiii 11

11a. Rubus spectabilis cover greater than any other individual low shrub
species......... Upland Rocky-Loamy-Organic Salmonberry Low Shrub

11b. Cladothamnus pyrolaeflorus cover greater than any other individual
low shrub species.......ccccccoviiiiiiiiannns Go to Subalpine Ecotype Key

11c. Vegetation not as above.................. Undefined upland low shrub type
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Table 4. (continued) Ecotype Key for Kenai Fjords National Park.

9c. Vegetation dominated by dwarf shrubs ......... Go to Subalpine Ecotype Key
8h. Vegetation not dominated by Shrubs ............cccccoeiiiiiiii 12
12a. Vegetation dominated by herbaceous species.............cc..c.... 13
13a. Graminoid species cover dominates (225% combined
COVE) ottt ettt ettt ettt e e e st e e e e e nneee s 14
14a. Dominant graminoids most commonly include

14b.

14c.

Trichophorum caespitosum, Eriophorum
angustifolium,

Carex pauciflora, and/or Carex nigricans, Sphagnum
spp. and Geum calthifolium common (25%), soils

Dominant graminoids most commonly Carex
macrochaeta and/or Calamagrostis canadensis, soils
MOISE. e Go to Subalpine Ecotype Key

Vegetation or soils not
as above................ Undefined upland graminoid type

13b. Graminoid species cover not dominant .............ccc......... 15

15a. Vegetation is dominated (=20%) by Athyrium
filiX-femina ...
........ Upland Rocky-Loamy Lady Fern Meadow

15b. Vegetation dominated by (=25%) Fauria
crista-galli........oooeeeiiiiii e 16

16a. Phyllodoce aleutica, Sphagnum spp., and
Geum calthifolium common (25%) ...................
........................... Go to Subalpine Ecotype Key

16b. Sanguisorba stipulata and Veratrum viride ssp.
eschscholtzii common (=25%),Vahlodea
atropurpurea and/or Carex macrochaeta often
present at low abundance ..............cccccoeiiineen.
........................... Go to Subalpine Ecotype Key

16c. Phyllodoce aleutica absent or rare (<5%),
Sphagnum spp. and Geum calthifolium
COMMON (25%0) ...vvvvveeeiiiiiiiieee e Upland
Loamy-Organic Deer Cabbage Slope Fen

16d. Vegetation not as above...........cceeveeeeeeiiniiiinenen.
.......... Undefined upland Fauria crista-galli type

13c. Vegetation not dominated by above
SPECIES ...evvveveeeeeeiine Undefined upland herbaceous type

12b. Vegetation not as above............cccceveeee. Undefined upland type
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Key to Physiography Class for Kenai Fjords National Park

Start here

Site is a glacier or ice Glacier
cap Yes ™ Physiography
T
I‘a
Site is Iacat;:gj inor relar the Site is regularly to
ocean and Is regularly o . semi-regularly affected by Riverine
sergl—regularly affected by No— channel or overbank flooding [~YeS™™]  physiography
tides, storm sUrges, or from rivers or streams
saltwater spray
Yes '\#"
l Site is located in or along a
lake and the hydrology of the
site is controlled predominantly Lacustrine
Coastal by the lake water OR site is [ YeS™]  Physiography
Physiography located in a recently drained
lake basin
I
r\f
Site is located at greater
than or equal to
Slope gradient of site is less approximately 500 m (+/- .
than 3 degrees AND soils wet 100 m) above mean sea Site was recently
in upper 40 cm throughout No level AND site is above [ Yes deglaciated; after
growing season timberline (i.e., the upper approximately 1950
elevation limit of erect
/\ trees) A
/\10 Yes, T /\10 Ye\
Elevation greater than or
equal to approximately 250 Lowland Site was recently Alpine Glacial Alpine
m (+/- 100 m) above mean Physi h deglaciated; after Physiography Physiography
sea level AND site is located yslography approximately 1950
near timberline; forested
cover when present not
continuous, rather occurring
in small discontinuous
patches YIS
Yes. Subalpine . .
"~ Physiography Glacial Physiography

Upland
Physiography

Figure 4.
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1) If, after adjusting the cover cutpoints, the Key to Ecotypes once again leads to an “undefined”
type there are several additional resources that may be of use in understanding the vegetation and
environment at the site selected in Step 1, including:

a) Land-cover classes, ecosystems and plant associations of Kenai Fjords National Park (Boggs
et al. 2008).

b) Plant community types of the Chugach National Forest: southcentral Alaska (DeVelice et al.
1999).

Table 5. Mean elevation, slope gradient, surface organic thickness, and pH for ecotypes with sample size
23, Kenai Fjords National Park, Alaska, 2013.

Surface Organic

Elevation (m) Slope () Thickness (cm) pH
Plot Ecotype Mean SD Mean SD Mean SD Mean SD
Alpine Loamy-Rocky Crowberry- 608 235 16 6 5.4 4.4 51 0.5
Blueberry Dwarf Shrub
Alpine Rocky Barrens 957 336 15 13 2.0 3.7 5.9 1.0
Alpine Rocky Luetkea Dwarf Shrub 753 120 24 21 4.8 4.9 52 0.4
Alpine Rocky Moist Sedge Meadow 1,037 285 8 6 25 2.7 5.4 0.7
Alpine Rocky-Loamy Cassiope- 623 269 17 12 3.8 4.1 4.9 0.8
Luetkea Dwarf Shrub
Alpine Rocky-Loamy Mountain 565 190 26 12 53 3.4 51 0.8
Heather Dwarf Shrub
Coastal Rocky-Sandy Barrens 9 6 32 41 0.9 1.9 6.8 1.6
Coastal Rocky-Sandy Brackish 5 4 2 3 14 15 7.6 1.2
Dwarf Alkali Grass Tidal Flat
Coastal Rocky-Sandy Seaside 6 4 7 5 0.0 0.0 7.2 0.8
Sandplant Beach
Coastal Sandy-Loamy-Rocky 9 5 0 0 4.3 8.2 6.7 0.6
Brackish Sedge Meadow
Coastal Sandy-Rocky Beach Pea 9 2 0 1 2.1 2.2 6.2 0.8
Meadow
Coastal Sandy-Rocky Beach Rye 10 9 2 3 1.7 1.7 6.4 0.8
Meadow
Coastal Sandy-Rocky Bluejoint- 7 6 4 9 29 1.6 6.6 1.4
Forb Meadow
Coastal Sandy-Rocky Brackish 8 7 1 1 0.1 0.4 7.4 0.5
Goosetongue Tidal Flat
Glacial Rocky Alder-Willow Tall 63 53 26 19 3.3 24 5.7 0.9
Shrub
Glacial Rocky Barrens 89 79 20 15 0.3 0.5 6.1 0.7
Glacial Rocky Fireweed 437 383 28 16 1.0 1.7 6.2 1.2
Lowland Organic-rich Wet Sedge 100 86 2 2 388 314 5.2 0.5
Meadow
Riverine Rocky-Sandy Willow Low 105 180 0 1 2.8 2.3 5.9 0.9
and Tall Shrub
Riverine Sandy-Loamy-Rocky 19 12 5 13 2.6 3.6 5.8 0.9

Alder-Willow Tall Shrub
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Table 5. (continued)

Surface Organic

Elevation (m) Slope (°) Thickness (cm) pH
Plot Ecotype Mean SD Mean SD Mean SD Mean SD
Riverine Sandy-Loamy-Rocky Alder- 19 12 5 13 2.6 3.6 5.8 0.9
Willow Tall Shrub
Subalpine Rocky Alder Tall Shrub 364 152 23 10 111 9.1 4.9 0.6
Subalpine Rocky Barrens 98 67 46 39 0.0 0.0 5.2 0.2
Subalpine Rocky Dwarf Mountain 308 271 13 10 8.7 4.0 51 1.9
Hemlock Woodland
Subalpine Rocky Fireweed-Forb 259 180 22 12 3.2 2.5 5.2 0.4
Meadow
Subalpine Rocky-Loamy Luetkea- 383 254 28 7 4.9 3.3 51 0.5
Mountain Hairgrass Meadow
Subalpine Rocky-Loamy Moist 343 265 22 12 3.9 4.2 5.2 0.8
Graminoid Meadow
Subalpine Rocky-Loamy Sitka Spruce 516 125 38 4 6.0 3.6 5.0 1.0
Woodland
Subalpine Rocky-Loamy-Organic 310 96 27 15 133 5.8 4.6 0.3
Copperbush Low Shrub
Subalpine Rocky-Loamy-Organic 223 102 12 13 7.6 5.7 4.7 0.4
Deer Cabbage Slope Fen
Subalpine Rocky-Loamy-Organic 371 35 23 21 16.0 5.6 5.1 0.7
Deer Cabbage-Forb Meadow
Subalpine Rocky-Loamy-Organic 286 147 30 7 9.9 6.5 5.2 0.8
Fern Meadow
Upland Loamy-Organic Deer 137 128 27 18 314 13.9 5.2 0.9
Cabbage Slope Fen
Upland Organic-rich Wet Sedge 90 81 15 16 36.3 241 54 0.9
Slope Fen
Upland Rocky Black Cottonwood 139 20 2 4 8.6 1.8 54 0.7
Forest
Upland Rocky Sitka Spruce-Alder 25 26 7 13 4.7 34 4.9 0.8
Forest
Upland Rocky Sitka Spruce- 31 16 6 7 7.8 4.9 4.6 0.5
Feathermoss Forest
Upland Rocky-Loamy Lady Fern 44 37 19 8 3.4 1.8 54 0.9
Meadow
Upland Rocky-Loamy-Organic 92 80 23 13 16.6 12.5 4.8 0.6
Mountain Hemlock-Early Blueberry
Forest
Upland Rocky-Loamy-Organic 85 94 25 14 14.3 10.0 4.5 0.8
Mountain Hemlock-Sitka Spruce
Forest
Upland Rocky-Loamy-Organic 71 59 33 12 7.0 6.2 51 1.0
Salmonberry Low Shrub
Upland Rocky-Loamy-Organic Sitka 42 18 26 13 19.4 8.7 4.3 0.6
Spruce-Early Blueberry Forest
Upland Rocky-Organic Alder Tall 55 48 26 13 7.7 6.2 4.7 1.1

Shrub
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Table 6. Mean percent cover by plant species and species richness for alpine ecotypes, Kenai Fjords
National Park, Alaska, 2013. Ecotypes with sample size <3 are excluded. Bold text indicates species with
a constancy (frequency of occurrence) =260%. Average cover of 0 indicates presence at trace cover.

3 S
> 2 o > = > =
X = o ~ — = ()] = o)
g = ® 2 S S 5
T @ 3 5 3% e
EDa 2 2a 28 23 29
© <3 ] o > o ® o - o T
o T E o o = o9 o O
450 04 X5 x= X o @z
0O ) O o 0 o 0.2 o O = o
£ 25 £ £ £ o £ 05 £55
Ecotype 29z = 2z 273 2g=c 2o=
Name Species name <O N < < O <0 <Ow’m < =0
Sample Size 9 8 5 6 20 15
Deciduous  Alnus sinuata 0 1 8 1
shrubs Arctostaphylos 6
alpina
Cladothamnus
2 2
pyrolaeflorus
Oplopanax horridus 0
Rubus spectabilis 5
Salix arctica 0 1 10 1 2
Salix barclayi 3
Salix polaris 0
Salix rotundifolia 10 2 1 8 2 7
Salix sitchensis
Salix stolonifera 1
Spiraea 0
beauverdiana
Vaccinium
: 4
alaskensis
Vaccinium 0
caespitosum
VaC(_:lnl_um 1 0 0
ovalifolium
vaccinium 24 1 0 8 4
uliginosum
Evergreen Cassiope 0 1
shrubs lycopodioides
Cassiope stelleriana 3 1 40 16
Cassiope tetragona 0 0
Diapensia lapponica 1 1 1
Dryas integrifolia 6
Empetrum nigrum 26 3 2 2 7 14
Loiseleuria 5 1 3 1 2 1
procumbens
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Table 6. Continued.

Ecotype
Name

Species name

Alpine Loamy-Rocky
Crowberry-Blueberry
Dwarf Shrub

Alpine Rocky Barrens

Alpine Rocky Luetkea

Dwarf Shrub

Alpine Rocky Moist

Cassiope-Luetkea Dwarf

Alpine Rocky-Loamy
Shrub

Alpine Rocky-Loamy

Mountain Heather Dwarf

Evergreen
shrubs
(continued)

Evergreen
tree

Forbs

Luetkea pectinata
Phyllodoce aleutica

Vaccinium vitis-
idaea

Picea sitchensis
Tsuga mertensiana
Achillea borealis
Achillea millefolium

Aconitum
delphinifolium

Anemone
narcissiflora

Angelica lucida
Antennaria alpina

Antennaria
monocephala

Antennaria rosea

Arabis lyrata
kamchatica

Arnica latifolia
Arnica lessingii
Artemisia alaskana
Artemisia arctica

Athyrium filix-femina
cyclosorum

Campanula
lasiocarpa

Campanula
rotundifolia

Campanula uniflora

Cardamine
bellidifolia

Castilleja
unalaschcensis

Cornus canadensis

Cornus suecica

w N

[EnY
~N A

10

w | Sedge Meadow

N
~N B
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Table 6. Continued.

Ecotype

Mountain Heather Dwarf

Cassiope-Luetkea Dwarf
Shrub

Alpine Loamy-Rocky
Crowberry-Blueberry
Shrub

Dwarf Shrub
Alpine Rocky Barrens

Alpine Rocky Luetkea
Dwarf Shrub

Alpine Rocky Moist
Alpine Rocky-Loamy
Alpine Rocky-Loamy

Sedge Meadow

Name Species name

Forbs Cryptogramma

(continued)  crispa

o
o

Cryptogramma
crispa var.
acrostichoides

Cryptogramma
crispa var. sitchensis

Dodecatheon jeffreyi 1
Draba stenoloba

Dryopteris dilatata
americana

Epilobium
anagallidifolium

Epilobium 1
angustifolium

Epilobium
hornemannii

Epilobium latifolium

Epilobium
leptocarpum

Equisetum arvense

Erigeron peregrinus

Euphrasia mollis 0
Fauria crista-galli

Fritillaria
camschatcensis

Gentiana 5
douglasiana

Gentiana glauca
Gentiana platypetala
Geranium erianthum

[ I e N

Geum calthifolium

Geum macrophyllum 3
macrophyllum

Heuchera glabra
Hieracium triste 0

Listera cordata
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Table 6. Continued.

Ecotype
Name

Alpine Loamy-Rocky
Crowberry-Blueberry
Dwarf Shrub

Species name

Alpine Rocky Barrens

Alpine Rocky Luetkea

Dwarf Shrub

Alpine Rocky Moist
Sedge Meadow

Cassiope-Luetkea Dwarf

Alpine Rocky-Loamy
Shrub

Mountain Heather Dwarf

Alpine Rocky-Loamy
Shrub

Forbs
(continued)

o

Lloydia serotina

Lupinus
nootkatensis

a1

Lycopodium alpinum 1

Lycopodium
annotinum

Lycopodium
complanatum

Lycopodium
sabinaefolium var. 0
sitchense

Lycopodium selago 0
Minuartia arctica
Minuartia biflora

Minuartia
macrocarpa

Oxyria digyna

Pedicularis
labradorica

Pedicularis
verticillata

Petasites frigidus

Petasites
hyperboreus

Pinguicula vulgaris 0
Platanthera dilatata

Polemonium
pulcherrimum

Polygonum
viviparum

Potentilla hyparctica
Potentilla uniflora
Potentilla villosa
Prenanthes alata
Primula cuneifolia

Pyrola secunda
secunda

22

15
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Table 6. Continued.

= Y—
5] a
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o T E o o= o9 S o O c
5 [a's [a'd x> X o X =
mgm [} mm (O} o ° wa
£3% £ £% S o £@35 £55
Ecotype 8oz = 8z 273 agce 8o=
Name Species name < OO0 < < 0 <0 <Owm <§(I)
Forbs Rubus arcticus 1
(continued)

Rubus pedatus

Sanguisorba
stipulata

Saxifraga bronchialis
Saxifraga exilis
Saxifraga ferruginea
Saxifraga nivalis

Saxifraga punctata
nelsoniana

Saxifraga rivularis

Sedum rosea
integrifolium

Senecio triangularis

Sibbaldia
procumbens

Silene acaulis
Solidago multiradiata
Stellaria calycantha
Stellaria longipes

Stellaria sitchana
var. bongardiana

Streptopus
amplexifolius

Swertia perennis

Thelypteris
limbosperma

Thelypteris
phegopteris

Tofieldia coccinea
Trientalis europaea

Veratrum viride
eschscholtzii

Veronica
wormskjoldii

Viola adunca




Table 6. Continued.

Ecotype
Name Species name

Alpine Loamy-Rocky
Crowberry-Blueberry
Dwarf Shrub

Mountain Heather Dwarf

Cassiope-Luetkea Dwarf
Shrub

Alpine Rocky Barrens
Alpine Rocky Luetkea
Dwarf Shrub

Alpine Rocky Moist
Alpine Rocky-Loamy
Shrub

Alpine Rocky-Loamy

Sedge Meadow

)]

Forbs Viola langsdorffii
(continued) Woodsia ilvensis
Grasses Agrostis alaskana
Agrostis borealis 0
Agrostis exarata
Agrostis thurberiana
Arctagrostis latifolia

Calamagrostis 0
canadensis

Calamagrostis
nutkaensis

Deschampsia 3
beringensis

Deschampsia 0
caespitosa

Elymus alaskanus
Festuca altaica 2

Festuca 0
brachyphylla

Festuca rubra
Hierochloe alpina 1

Phleum
commutatum var. 1
americanum

Poa alpina
Poa arctica
Poa glauca
Poa lanata
Poa paucispicula

Poa
pseudoabbreviata

Podagrostis
aequivalvis

Trisetum spicatum
molle
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Table 6. Continued.
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£25 £ £ £ £ 0’5 £55
Ecotype 29z = 2z 273 2g=c 2o=
Grasses Vahlodea
; 1 1 1 1
(continued)  atropurpurea
Lichens Cetraria ericetorum 1 1 2 1
‘Cetrar.la islandica 6 1 2
islandica
Cladina arbuscula 1
Cladina mitis 4 0 0
Cladina rangiferina 1 2
Cladina stellaris 6 0 0
Cladonia bellidiflora 1 3 0
Nephroma arcticum 1
Ste_reocaulon 1 1 0 1 0
alpinum
Thamnolla_ 3 2 5 0
vermicularis
Liverworts Anastrophyllum 0
assimile
Anthelia julacea 5
Diplophyllum
. 0
albicans
Lophozia sudetica 0
Macrodiplophyllum 7
imbricatum
Mylia taylorii 5
Mosses Dicranum majus 10
Dicranum scoparium 40 20
Hylocomium
2
splendens
Pleurozium 3
schreberi
Pogonatum alpinum 0
Ptilium crista- 0
castrensis
chomltrlum 6 12 20
aciculare
Racomitrium 4 2
canescens
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Table 6. Continued.

Ecotype
Name Species name

Alpine Loamy-Rocky
Crowberry-Blueberry
Dwarf Shrub

Alpine Rocky Barrens

Alpine Rocky Luetkea

Dwarf Shrub

Alpine Rocky Moist
Sedge Meadow

Alpine Rocky-Loamy

Cassiope-Luetkea Dwarf

Shrub

Mountain Heather Dwarf

Alpine Rocky-Loamy
Shrub

Racomitrium
heterostichum

Mosses
(continued)

Racomitrium
lanuginosum

Racomitrium
sudeticum

Rhytidiadelphus
loreus

Sphagnum

Sphagnum
compactum

Sphagnum
girgensohnii

Sphagnum
papillosum

Sphagnum
subsecundum

Sedges

Carex brunnescens

Carex circinnata

Carex dioica
gynocrates

Carex glareosa
Carex gmelinii

Carex lachenalii

Carex macloviana
Carex macrochaeta

Carex microchaeta

Carex nardina
Carex nesophila

Carex nigricans

Carex phaeocephala

Carex pluriflora

Carex pyrenaica
micropoda

Carex scirpoidea

Carex anthoxanthea

10

15

11
10

[ERY
()]

20

N WP, PN
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Table 6. Continued.

Ecotype
Name

Species name

Alpine Loamy-Rocky
Crowberry-Blueberry
Dwarf Shrub

Alpine Rocky Barrens

Alpine Rocky Luetkea

Dwarf Shrub

Alpine Rocky Moist
Sedge Meadow

Cassiope-Luetkea Dwarf

Alpine Rocky-Loamy
Shrub

Mountain Heather Dwarf

Alpine Rocky-Loamy
Shrub

Sedges
(continued)

Carex stylosa

Eriophorum viridi-
carinatum

Juncus biglumis
Juncus drummondii

Juncus
mertensianus

Juncus triglumis
Luzula arcuata

Luzula arcuata
unalaschensis

Luzula parviflora
Luzula spicata

Luzula wahlenbergii
piperi
Trichophorum
caespitosum

N

10

15

Species Richness®
Summaries

Vascular Species
Richness

Non-Vascular
Species Richness

Total Species
Richness

84

11

95

69

75

63

65

46

53

89

12

101

89

27

116

lSpecies richness is the total number of unique species occurrences in each plot ecotype.
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Table 7. Mean percent cover by plant species and species richness for subalpine ecotypes, Kenai Fjords
National Park, Alaska, 2013. Ecotypes with sample size <3 are excluded. Bold text indicates species with
a constancy (frequency of occurrence) 260%. Average cover of 0 indicates presence at trace cover.

= 2 L L
- 3 « & & &
s & 4 3 £ 2 2 D
8 o 2 ¥ 8 =2 6 Q 0Q_ Q
= c = o >~5 > > >a0 25 >
& et = = £ = E IS ES EL E
3 = o c T ] I S = © 5
i) 5 25 = oT o o oL o® o
< m O2 o R -4 2 s w a2
> > 28 > >3 29 >c 22 >7 >
i i X5 X X © X g X5 X0 X
[3] [3] 0o g © o c Oy 9= ©3 g ©
o o ©c8 © o5 °Ss ©T o O 9=
4 r o ¥ oo XS s e Xo
[} [} () = o o= T8 o g s 08 o S
£ £ £ S zEg=zLE0o £ £2 £33 £33
S . o 28 25800 2E 2% g 820 os
TS5 © T= T TTEXTBE ©9 W B T
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Ecotype Group  Species Name AH ® O B=HI=00 66 BO Ha B
Sample Size 8 5 3 6 12 11 3 3 7 8
Deciduous Alnus sinuata 40 5 3 0 1 2 10 1 2 2
shrubs
Arctostaphylos rubra
Cladothamnus 11 1 3 1 4 33 5 5
pyrolaeflorus
Menziesia ferruginea 0 1 2
Oplopanax horridus 1 0 1
Rubus spectabilis 53 5 5 4 5 0 14
Salix arctica 0 5
Salix barclayi 50
Salix phlebophylla
Salix rotundifolia 2
Salix sitchensis 5
Sambucus racemosa 0 1 2
Sorbus sitchensis 1 2 1 2
Spiraea beauverdiana 5 1
Vaccinium alaskensis 5 1
Vaccinium caespitosum 10 0
Vaccinium ovalifolium 3 0 6 6 0 3 1 2 2 2
Vaccinium uliginosum 2 3 3 1 17 3 8
Evergreen Andromeda polifolia 0
shrubs
Cassiope stelleriana 1 13 5 5 3 5 2
Empetrum nigrum 0 9 5 8 11 9 13
Loiseleuria procumbens 1 0
Luetkea pectinata 14 23 47 10 4 12 1 9
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Table 7. (continued)
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Group Species Name ®h @ AT BSHISHO HH BO Ho G
Evergreen Phyllodoce aleutica 1 18 2 6 0 13 4 16
shrubs . .
(continued) Vaccinium vitis-idaea 0 2 1
Evergreen Picea sitchensis 12 4 1 34 2 6 1
tree
Tsuga mertensiana 1 28 1 3 1 5 0
Forbs Achillea borealis 11 3 2 1
Achillea millefolium 0 1
Aconitum 1 1 1 1 1
delphinifolium
Anemone narcissiflora 1 1 1 1
Angelica lucida 1
Antennaria 0
monocephala
Antennaria rosea 0
Apargidium boreale
Aquilegia formosa 5 1
Arabis lyrata 1
kamchatica
Arnica latifolia 2
Artemisia alaskana
Artemisia arctica 8 0 0 10 7 1 1 2
Aruncus sylvester 1 5 1
Aster subspicatus 0
Athyrium distentifolium 0
americanum
Athyrium filix-femina 8 1 3 2 1 10 35
cyclosorum
Blechnum spicant 0
Botrychium 1 1
lanceolatum
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Table 7. (continued)
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Group Species Name 75 » BT 3533536 38 36 348 &
Forbs Botrychium lunaria 0
(continued) )
Campanula lasiocarpa 1
Campanula rotundifolia 1 1 0
Cardamine bellidifolia 0
Cardamine umbellata 0 0
Castilleja caudata 2
Castilleja 2 1 1
unalaschcensis
Circaea alpina 0
Cl