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EXECUTIVE SUMMARY

The USGS Biological Resources Division (USGS/BRD) under contract with the Inventory and
Monitoring (I&M) Program of the National Park Service has initiated a multi-year project to
produce vegetation maps for 235 national parks. As a contractor under this program, the Bureau
of Reclamation's Remote Sensing and Geographic Information Group (RSGIG) with assistance
from The Nature Conservancy (TNC) has mapped the vegetation occurring in and around Wind
Cave National Park (near Hot Springs, South Dakota). Thirty-two vegetation map classes
representing 28 plant community types and six Anderson Level II land-use classes were used for
interpretation for approximately 139 square miles encompassing the Park and surrounding
environs.

Vegetation map classes were determined through extensive field reconnaissance, data collection,
and analysis in accordance with the National Vegetation Classification System (NVCS). The
vegetation map was created initially by interpretation of 1997, 1:12,000 scale color infrared
aerial photography (0.5 hectare minimum mapping unit). All vegetation and land-use
information was then transferred to USGS digital orthophoto quarter-quads (DOQQ’s) using a
combination of on-screen digitizing and scanning techniques. Arc/Info™ (ESRI, Inc.) software
was used throughout the project for digitizing, scanning, transforming, registering, and plotting
the interpreted data. Overall map accuracy for the entire mapping effort was assessed initially at
73%. Final map products complied with national map accuracy standards, are described in this
report, and occur on the accompanying compact disk (CD-ROM). They include the following:

* Vegetation Classification Descriptions and Key
* Land Use Classification System

* Representative Photos from Field Studies

* Vegetation Key

* Field Data (Digital Database)

* Digital and Hard Copy Vegetation Maps

* Accuracy Assessment

* Metadata

* Final Report

Wind Cave and other similar national park vegetation mapping databases can be accessed at the
USGS/BRD website: http://biology.usgs.gov/npsveg.
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INTRODUCTION

The Inventory and Monitoring (I&M) Program of the National Park Service (NPS) was created
in 1991 to provide park managers with critical information on natural resources. A long-term
goal of this program is to provide baseline inventories of the biological and geophysical
resources for all natural resource parks. To address this need, the NPS entered a multi-year
partnership with the United States Geological Survey's (USGS) Biological Resources Division
(BRD) to map the vegetation resources of 235 national parks, monuments, and historic sites.

Goals of the USGS-NPS Vegetation Mapping Program include the following:

* Provide support for NPS Resources Management

* Promote vegetation-related research for both NPS and USGS/BRD
* Provide support for NPS Planning and Compliance

* Add to the information base for NPS Interpretation

* Assist in NPS Operations

Efforts to make this program a reality have lead to various work contracts with other government
and private agencies. Among those contracted was the United States Bureau of Reclamation's
(BOR) Remote Sensing and Geographic Information Group (RSGIG) based at the Federal Center
Denver, Colorado. The task of the RSGIG was to create a digital, spatial database representative
of the vegetation occurring at Wind Cave National Park (WICA), South Dakota during 1997.

The primary subcontractor for vegetation classification and characterization is The Nature
Conservancy (TNC) (Minneapolis Satellite Offices Minneapolis, MN) and its affiliate the
Wyoming Nature Conservancy (Lander, WY).

The specific objectives of this study included:

» Creation of vegetation and mapping classifications based on the National Vegetation
Classification System (NVCS).

* Development of a spatial database for the vegetation of WICA using remote sensing
and GIS techniques.

Production of digital and hard copy vegetation maps, assessed to be at least 80%
accurate.

Introduction 2
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Vegetation mapping for WICA falls under the USGS-NPS Vegetation Mapping Program's
general task of completing all the national parks within the Great Plains Ecosystem. Other parks
in this region that have been mapped or are currently in progress include: Theodore Roosevelt
National Park, Badlands National Park, Mt. Rushmore National Memorial, Agate Fossil Beds
National Monument, Jewel Cave National Monument, Devil's Tower National Monument,
Scott's Bluff National Monument, and Fort Laramie National Historic Site. Any available data
pertaining to these and other USGS-NPS Vegetation Mapping projects can be accessed at the
USGS/BRD's website: http://biology.usgs.gov/npsveg.

photo by D. Cogan
Figure 1. Bison on a western wheatgrass - Kentucky bluegrass grassland at Wind Cave
National Park.
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PROJECT AREA

Founded in 1903 as the seventh national park in the United States, Wind Cave National Park is
best known for its extensive cave system and abundant wildlife. WICA personnel presently
manage 81.76 miles of known passages in the Wind Cave complex along with 28,295 surface
acres, predominately mixed-grass prairie and ponderosa pine forest. Two lightly used gravel

roads and several trails cross the central and eastern parts of the Park.

Location and Regional Setting

WICA is situated on the southeastern edge of the Black Hills Region of South Dakota (Figure 2),
about 7 miles north of Hot Springs, SD. The Park lies in Custer County between Custer State
Park to the north and Black Hills National Forest to the west. U.S. Highway 385 and South
Dakota Highway 87 are the Park's major roads; secondary roads within WICA include NPS 5
and 6 (Figure 3).

North Dakota

Montana

e

South Dakota

= Wind Cave National Park

Wyoming | T " _
Nebraska

Figure 2. Location Map for Wind Cave National Park.
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Figure 3. Wind Cave National Park and project mapping area.

Climate

Wind Cave National Park lies in the southern Black Hills, which typically records warm

summers and relatively mild winters. Average temperatures recorded for Custer, SD (about 11

miles northwest of the Park) range from 230 F in the winter to 620 F in the summer (Ensz 1990).

Temperatures in the spring and fall seasons can vary dramatically and change abruptly within
short time periods. Throughout the year, humidity averages around 50% during mid-afternoons
and winds are usually less than 13 mph. The Park usually experiences about 115 frost-free days

a year (Smith 1978).

Precipitation for the southern Black Hills is usually heaviest in late spring and early summer.

Local observations by WICA personnel report the last ten years as wetter than normal, largely
based on the rise of the water table within the cave complex during this time period. Monthly
precipitation records from Hot Springs and Custer show an increase in 1997 monthly averages

compared to the last 50-year averages (1997-1947) (Appendices 1-2). Precipitation values

Project Area
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recorded at WICA are limited to the last 8 years, and show no real increase from year to year
(Appendix 3). Average seasonal accumulation of snowfall for Custer is about 45 inches (Ensz

1990).

Geology and Topography

The basic geology of the Black Hills can be traced to various uplifting events that resulted in an
approximate 125-mile by 60-mile elliptical dome reaching up to 7,242 feet above sea level.

Over time, sedimentary rock cover has been weathered by erosion, leaving more resistant
crystalline rocks as caps, ridges, pinnacles and outcrops. As seen from an aerial perspective, the
Black Hills consist of concentric rings of progressively younger rocks moving out from central
high elevations. This concentric pattern can be separated into five major geomorphic regions: 1)
the Central Crystalline Area (CCA), 2) the Limestone Plateau, 3) Minnelusa Foothills, 4) the Red
Valley, and 5) the Cretaceous or "Dakota" Hogback (Froiland 1990). Interspersed within these
formations are deposits of sediment (alluvium) left by various depositional events (Figure 4).
Directly to the east of the Park, the Black Hills blend into the rolling prairie lands of the Central

Great Plains Region.

N Mantana

Legend

Wind Cave National Park

Central Crystalline Area

1

- Limestone Plateay & Minnehsa Foothils
[ redvaney
L]

Dekota Haghack

Wyoeming

Figure 4. An overview map of the Black Hills showing general geomorphic regions.
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All of the major geomorphic subdivisions of the Black Hills are represented at WICA and its
immediate surroundings (Froiland 1990). The Central Crystalline Area, made up of granitic and
metamorphic rocks, occurs in the highest, westernmost part of the Park (4,525 - 5,000 feet
elevation). Dramatic topographic relief and rugged slopes characterize this area. East of this
zone is an area underlain by limestones and sandstones, corresponding to the Limestone Plateau
and Minnelusa Foothills regions (4,500 feet elevation). In the project area, the Limestone
Plateau is not well developed due to steep dips of the rock strata (Pahasapa limestone). The
Minnelusa Foothills zone is more extensive including outcrops and narrow limestone-rimmed
drainages such as Limestone and Curley Canyons (Figure 5). Elevations drop through the
Minnelusa Foothills to the Red Valley in the eastern part of the Park. Here, the underlying red,
iron-rich Spearfish formation is intermittently exposed as red badlands or "redbeds" intermingled
with gypsum outcrops (3,610 to 3,770 feet elevation) (Figures 7 and 8). The outermost
geomorphic subdivision is the Dakota Hogback, or Hogback Rim, which is represented in the
project area by Boland Ridge near the east Park boundary (Figure 8). Boland Ridge stands up to
400 ft. above the Red Valley (4,101feet elevation) and is underlain by steeply tilted sandstones.
The eastern side of the Dakota Hogback is gently sloping, while the western slope is generally
steeper and more rugged. The Dakota Hogback represents an interface between the Black Hills
and the Central Great Plains. Finally, broad flat benches capped with old alluvial deposits occur
in the northern and central parts of the study area. Good examples of these benches are located

in northeast WICA between NPS Roads 5 and 6.

Project Area 7
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Figure 5. Map of Wind Cave National Park showing general geomorphic regions.
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photo by D. Cogan
Figure 6. A sparsely vegetated redbed in the Red Valley region of WICA.

1 il

% 4.! g 1
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Figure 7. The Red Valley region of Wind Cave National Park with the Dakota Hogback
(Boland Ridge) in the background.

photo by D. Cogan
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Major drainages in WICA generally trend east and southeast. The more important are Beaver,
Spring and Highland Creeks, sections of which flow all or most of the year. Many of the smaller
drainages are dry, flowing only during precipitation events. Active springs are occasional and
found at scattered locations. Other standing water is rare. In most years, an ephemeral pond
forms on Bison Flats in the south portion of the Park, drying out through the summer. A few

other very small ponds with limited aquatic vegetation are found at scattered locations.

Soils

Major soil associations occurring at WICA are either derived directly from the underlying parent
material or were deposited as alluvium by erosion events. These soils relate to specific geologic
landforms, topographic relief, climate, and the corresponding natural vegetation (Ensz 1990).
Table 1 contains the major soil associations present, separated by their corresponding geologic
formations. Each soil association consists of a variety of major and minor soil units that are
sometimes combined to form complexes. Appendix 4 contains all the soil units and their

descriptions found at WICA.

photo by D. Cogan

Figure 8. Limestone rock outcrops at Wind Cave National Park
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Table 1. Major geomorphic region, soil association, soil names, and descriptions for the WICA mapping project (summarized from
Ensz 1990 and Neilsen 1996).

Geomorphic Soil Soil Name Description Location Dominant Species

Region Asscociation

Central Buska-Mocmont-Rock Outcrop

Crystalline Buska Gray loam Broad ridges and slopes Ponderosa pine

Area Mocmont Gray/brown gravelly loam Ridges & Mt. slopes Ponderosa pine
Rock Outcrop Granite and schist Peaks and dikes Thin ponderosa pine

Pactola-Rock Outcrop-Virkula

Pactola Gray channery loam Upper side slopes Ponderosa pine
Rock Outcrop Hard metamorphic rock Peaks, ledges, and dikes Thin ponderosa pine
Virkula soils Gray/brown loam Mid and low slopes Ponderosa pine

Heely-Cordeston
Heely Gray/brown channery loam  High areas Various native grasses
Cordeston Gray loam Toe slopes and swales Shrubs and deciduous trees

Limestone  Vanocker-Sawdust-Paunsaugunt

Plateau & Vanocker Brown channery loam N and E facing slopes Ponderosa pine
Minnelusa Sawdust Gray/brown calcareous S and W facing slopes Ponderosa pine
Foothills channery loam
Paunsaugunt Brown calcareous gravelly Ridges Ponderosa pine
loam
Rock Outcrop Limestone and sandstone Ridges and ledges Thin ponderosa pine

Project Area 11
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Table 1. Continued

Geomorphic Soil Soil Name Description Location Dominant Species
Region Asscociation
Red Valley Nevee-Gypnevee-Rekop
Nevee Red/yellow calcareous Mid and low regions Various native grasses
silt loam
Gypnevee Red/brown calcareous Mid and low regions Various native grasses
silt loam & thin ponderosa pine
Rekop Red/brown calcareous loam  High regions Various native grasses
Rock Outcrops Red/white gypsum and High regions Sparsley vegetated
gypsiferous siltstone
Dakota Canyon-Rockoa-Rock Outcrop
Hogback Canyon Brown calcareous loam S and W facing slopes Various native grasses
Rockoa Gray/brown cobbly fine N and E facing slopes Ponderosa pine
sandy loam
Rock-Outcrop Sandstone, limestone, or Ledges and high regions Sparsely vegetated
shale
Prairie Samsil-Pierre Association
Samsil Brown clay Shoulder and upper back Western wheatgrass
slopes (shallow) and juniper
Pierre Gray/brown clay Back slopes (deep) Western wheatgrass

Project Area 12
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Wildlife

WICA supports numerous species including many of the historical animals native to the Black
Hills. Some of the larger mammals are actively managed (or have been managed historically) by
Park personnel to ensure the overall health of the Park. These include bison (Bison bison), elk
(Cervus canadensis), pronghorn antelope (Antilocapra americana), mule deer (Odocoileus
hemionus) and black-tailed prairie dog (Cynomys ludovicianus) (Figure 9). Domesticated cattle

and sheep have not been present at WICA since 1946 (Coppock et al. 1983).

= ny

p.-hoto by D. Cogan
Figure 9. A typical black-tailed prairie dog burrow.

Vegetation

WICA's vegetation can be divided into two major types, ponderosa pine forest and mixed grass
prairie. Ponderosa pine forest comprises almost 30% of the Park and typically grows in the
higher elevations; it is the dominant tree and is occasionally observed with birch, aspen, and
white spruce. Fire suppression, timber management, and increased precipitation have likely led
to an expansion of ponderosa pine cover in parts of the Black Hills. In some areas, this has
resulted in dense stands of even-aged pines and rapid encroachment of young trees into grassland

arcas.

Project Area 13




USGS-NPS Vegetation Mapping Program
Wind Cave National Park

Other major vegetation types at WICA and its surrounding area include hardwood drainages
dominated by boxelder, green ash and elm with occasional stands of other hardwoods, mountain
mahogany shrublands, several shrubby draw types, riparian/wet meadow vegetation, and prairie
dog towns. The higher western part of the study area generally has more tree cover. Much of the
eastern part is prairie, with stands of pine woodland on Boland Ridge along the eastern
boundary. Mountain mahogany shrubland is well developed in the Minnelusa Foothills zone in

the central part of WICA.

Fire History

Throughout the history of WICA, the vegetation has been altered by fire events of various sizes
and intensities. This has resulted in large prairie and forested tracts being in different stages of
re-growth. Prairie grasses recover relatively quickly from fire making burned prairie sites more
difficult to distinguish from non-burned prairie. Forest fires are typically more dramatic, leaving
behind charred ponderosa pine trees (both standing and fallen) and blackened soil and rocks for
many years (Figure 10). Recent and intense forest fires usually show greater effects; an example

is the controlled fire set along Beaver and Cold Spring Creeks in May 1997.

photo by D. Cogan
Figure 10. Evidence of a historic forest fire that occurred just north of Wind Cave National
Park, showing charred ponderosa pine stumps and fallen debris.
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MATERIALS AND METHODS

The organization of this project followed the protocols outlined in Field Methods for Vegetation

Mapping, Standardized National Vegetation Classification System (NVCS), and Accuracy

Assessment Procedures (The Nature Conservancy 1994). The basic steps included:

1. Planning and Scoping

2. Preliminary Data Collection and Review of Existing Information
3. Aerial Photography Acquisition

4. Gradsect Design

5. Field Survey

6. Vegetation Classification and Characterization

7. Vegetation Map Preparation

8. Accuracy Assessment

1. Planning and Scoping

This project incorporated the combined expertise and oversight of several organizations.
Oversight and programmatic considerations were managed by the Center for Biological
Informatics (CBI) of the USGS/BRD. NPS and WICA personnel provided additional guidance
on specific Park needs. The technical mapping portion was contracted to the BOR RSGIG in
Denver, CO. TNC was sub-contracted to collect, analyze, and write-up the requisite plant
association data and conduct fieldwork to support the accuracy assessment (AA). The specific

technical responsibilities and deliverables for the mapping portion included the following:

BOR Responsibilities and Deliverables:

e Interpret aerial photographs;
e Transfer interpreted information to a digital spatial database and produce hard copy

(paper) vegetation maps;

Materials and Methods 15
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e Create digital vegetation coverages including relevant attribute information;

e Produce Arc/Info export file of vegetation plot, observation point, and accuracy
assessment locations;

e Provide an annotated list of representative field site photographs/slides;

e Create a spreadsheet and contingency table comparing the mapped classes with the
AA classes in order to determine map accuracy;

e Provide any ancillary digital files developed during the mapping process;

e Document and record digital FGDC compliant metadata files (*.html) for all created
spatial data;

¢ Final report and CD-ROM describing procedures used in preparing all products;

TNC Responsibilities and Deliverables:

e Develop a preliminary vegetation classification for the study area from secondary
sources;

e Design a sampling strategy;

e Collect observation points to refine the preliminary classification and familiarize
investigators with community characteristics and their range of variation;

e Select and sample representative stands for all community types;

e Prepare final classification, community descriptions, and key to community types;

e Field test final classification, descriptions, and key during accuracy assessment;

e Collect accuracy assessment points;
Scoping Meeting:

A scoping meeting was held at the WICA visitor center with all interested parties during Spring
1997. The purpose of this meeting was to determine the project mapping extent, discuss
logistics, and develop a sampling approach. At this time, various project boundaries around the
Park were presented. It was decided that the mapping environs would include the town of
Pringle, SD in the northwest corner and extend to the intersection of SD Highway 79 and County
Road 101 in the southeast (Figure 2). This mapping boundary effectively covered two large
expanses of Beaver Creek, an important riparian corridor and waterway through the Park. In
order to sample in the environs, WICA personnel agreed to contact, and try to obtain permission

from, all private landowners south and east of the Park. Following the data sampling protocols
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for large parks outlined in the Field Methods for Vegetation Mapping (TNC 1994), it was

decided that a gradient-oriented transect or gradsect sampling approach (Austin and Heyligers

1989, Gillison & Brewer 1985) would be used at WICA.

2. Preliminary Data Collection and Review of Existing Information

To minimize duplication of previous work and to aid in the overall mapping project, existing
maps and reports were obtained from various sources. The staff at WICA provided digital and
hard copy background material for geology, fire history, prairie dog town locations, Canada
thistle locations, elk exclosure locations, and rare tree and shrub locations (Smith 1978) for
WICA. Soil surveys were obtained for Custer and Pennington Counties. Digital elevation
models (DEM's), digital line graphics (DLG's), and digital raster graphics (DRG's) were obtained
from the USGS. The DEM's were further manipulated to create slope and aspect maps.

A preliminary list of community types thought to have a high likelihood of being in the mapping
area was used to develop the preliminary vegetation classification. This preliminary list
contained vegetation associations and alliances generated for the Park in May of 1996 from the
Midwest portion of the NVCS (Faber-Langendoen et al. 1996). Modifications were made to the
list through a literature review of WICA and Black Hills vegetation and by contacting

knowledgeable experts.

3. Aerial Photography Acquisition

Horizons, Incorporated of Rapid City, South Dakota acquired the aerial photography for WICA;
thirteen flight lines were used to cover the entire project area (Figure 11). Flight lines 1-4 were
flown on June 22, 5-8 flown on June 27, and 9-13 flown on June 26, 1997. A total of 220
color-infrared (CIR) photographs were taken at 1:12,000 (1"=1,000") scale and printed on 9"x9"
stock. Overlap for these photos were approximately 50-60% and sidelap between flight lines
was approximately 20-30%.
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Figure 11. Flight line map for the Wind Cave National Park vegetation mapping program flown
in June 1997.

4. Gradsect Design

The WICA study area was sufficiently large to require a gradsect approach to vegetation
sampling. Gradsects were used to concentrate the sampling effort into smaller areas representing
the full range of vegetation variability. This was achieved using the following assumptions: 1)
certain site characteristics or combination of characteristics dictate the presence and growth of
plant communities, 2) these characteristics tend to repeat themselves across a landscape, and 3)
the concentration of sampling efforts across small heterogeneous areas provides an accurate

representation of the vegetation diversity for a much larger region (Austin & Heyligers 1989).
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Gradsects for WICA were designed at a meeting of BOR and TNC staff held in the RSGIG
offices in Denver prior to the 1997 field season. Aerial photography was manually overlaid and
compared with soils, geologic, and topographic maps. Composite maps were also used showing
the relative variability of different environmental factors. Gradsects were placed on a majority
of the stratigraphic units, elevations, major soil types, and several major drainages within the
study area. Accessibility and land ownership influenced placement of the gradsects. Locations
and design were also slightly modified based on prior knowledge of WICA's vegetation. The
resulting gradsects included roughly 20% of the overall study area, and were considered highly

likely to include the full range of plant communities found in the area (Figure 12).
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Figure 12. Map of the gradsect locations for Wind Cave National Park.
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5. Field Survey

Field surveys began in the first week of July 1997 after aerial photography was acquired. The
first step was reconnaissance using observation points, which allowed investigators to visit many
areas. Observation points were used to become quickly familiar with community characteristics,
community ranges of variation, and to field check the preliminary classification. Observation
point sampling included basic information on habitat and vegetation structure and composition.
Specific information recorded included UTM X-Y coordinates, dominant species cover data, and
brief environmental characteristics (Appendix 5). Limitations of observation point data included
no measurement or delineation of the sampling area and cover was only estimated for the

common species in each stratum.

Data from 134 observation points were collected from the beginning of field survey through the
second week of September 1997. Points were recorded mainly within gradsects, and were
chosen to sample the range of habitat and vegetation variability observed on aerial photography,

on preliminary maps, and in the field (Figure 13).

After completion of observation point survey, investigators chose representative stands of plant
communities for more intensive sampling. Sample sites were identified in the field within
gradsects using standard Releve methodology (Mueller-Dombois 1974). Detailed sampling plots
were subjectively placed in vegetation that was representative of an area, relatively
homogeneous, and which covered more than 1/2 ha (the minimum mapping unit). Thus, ecotones
and small patches of vegetation were avoided. Forest and woodland communities were sampled
with 20 x 20 meter plots while shrubland and herbaceous communities were sampled with 10 x
10 meter plots. Collected data included habitat characteristics (e.g. slope, aspect, elevation, and
soil characteristics), vegetation composition and structure, and other site features such as wildlife

or human disturbance (Appendix 6).

To characterize vegetation structure, all species found within a plot were noted and foliar cover
for each species by strata was estimated using a modified Daubenmire (1959) classification.
Since cover was estimated independently for both species and strata, total coverage for some of

the plots was greater than 100%. In forests and woodlands, dbh (diameter at breast height) was
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measured for all trees greater than 10 cm dbh. Various environmental data were also collected
for each plot to characterize the abiotic conditions under which the sampled vegetation occurred.
The UTM coordinates and elevation of all plots where logged using a hand-held Precision
Light-weight Global Positioning System (GPS) Receiver (PLGR) unit. 35mm slides were taken

for each plot and representatives are included in this report (Appendix 16).
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Figure 13. Map of the observation points collected during summer 1997.
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Data were collected on 65 plots during the 1997 field season extending into early September and

four additional plots were sampled in 1998 (Figure 14). Three plots were sampled for each plant

community found in the study area, as long as three stands were available. For several

uncommon plant communities, only one or two plots were sampled. All sampled data were

eventually entered into TNC's "PLOTS" database program.
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Figure 14. Map of the plot locations sampled during summer 1997.
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6. Vegetation Classification and Characterization

The procedure for classifying vegetation followed guidelines set forth in the Vegetation
Classification Standard (FGDC 1997) which was developed from the Standardized National
Vegetation Classification System (NVCS) (TNC 1994). This national system contains seven
classification levels with the two finest (lowest) being the alliance and association (community)
levels. Associations are separated from alliances through the use of floristic composition and are
named by the most dominant and/or indicator species. If two or more dominant species occur in
the same stratum a dash symbol is used. If the species occur in different strata then a slash is
used. Parentheses are used in instances when the diagnostic species are not consistently present

in the vegetation unit.

Classification for the WICA study area involved placing all observation point data and plot data
into groups based on vegetation structure and composition. From here, extensive floristic
knowledge of the field team allowed most of the sampled community types to be qualitatively
evaluated and subjectively assigned to an existing NVCS class. In a few instances, new NVCS
classes were discerned and prepared from evaluations of the floristic data. Additional analyses
were performed using the plot data combined with other similar Black Hills data (including other
local National Parks) to provide a better regional perspective on vegetation types. These were
quantitatively analyzed using ordination techniques (Detrended Correspondence Analysis
"DCA"and Non-Metric Multidimensional Scales "NMS"), a clustering algorithm, Unweighted
Pair-Group Method Using Arithmetic Means (UPGMA), and Two-Way Indicator Species
Analysis (TWINSPAN). Since, in a number of cases, there were only a few sample plots per
vegetation type, the above analyses could not be solely relied upon for classification. However,
the results of the numerical analyses were compared to the subjective classification in order to
detect any discrepancies between the two. All analyses were completed using PC-ORD

(McCune and Mefford 1997).

A synoptic vegetation key for WICA was prepared during the 1998 field season (Appendix 8).
The key was tested during the Accuracy Assessment process, resulting in only minor

modifications. A synoptic key leading to community type descriptions was chosen rather than a
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dichotomous key based on previous keys developed for other NPS sites in the Black Hills. It
was felt that these dichotomous keys did not fully address the natural range of variability
occurring in each of the plant communities. This was due in part, to the very brief descriptions
required at branch points in dichotomous keys, potentially leading the user to the incorrect type.
The WICA synoptic key allows the user to quickly browse relevant vegetation types within each

major vegetation group and make an accurate decision based on comprehensive descriptions.

7. VVegetation Map Preparation

Map Units

Final WICA map units used for photo-interpretation were based on the NVCS, Anderson (1976)
Level II classification system, and special requests by WICA personnel. The preliminary NVCS
classification was used to determine relationships between signatures on aerial photos and
vegetation associations on the ground. In most instances, one NVCS association corresponded to
one map unit. However, due to various limitations in the aerial photography, certain individual
NVCS had to be merged into a larger map unit (i.e. complex). Anderson Level II classes were
used to classify land-use types including semi-natural and cultural types (i.e. roads, facilities, and
agricultural fields). Finally, some small vegetation types recognized by the Park but not included
in the NVCS were mapped. In these situations, the vegetation had an unique photo signature and

could be easily interpreted from the aerial photography.

Aerial Photograph Interpretation

All aerial photographs for WICA were covered with translucent mylar overlays. Fiducial points
(corner and side marks), flight line, and photograph numbers were transferred from each photo
onto its corresponding overlay. The center portion of each aerial photograph was systematically
delineated to minimize the effects of edge distortion. Aerial photos and their overlays were then
back-lit on a light table and visually scanned for photographic signatures using magnification
and stereo. The actual interpretation of the photographs involved three basic steps. First, all of
the photos were initially interpreted into broad classes based solely on standard
photo-interpretation signature characteristics. These included: tone, texture, color, pattern,
topographic position, size, and shadow. Second, field note overlays and plot and observation
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point locations were used to refine the preliminary delineation into the appropriate map units.
Finally, in order to ensure completeness and accuracy, another independent researcher reviewed

all of the interpreted photos for consistency and recommended changes where necessary.

Additional references aided in aerial photo interpretation. These included: the Soil Surveys of
Custer and Pennington Counties, Black Hills and Prairie Parts, SD (Ensz 1990 and Nielsen
1996), USGS geology maps, and prairie dog town maps (provided by WICA). Specific
guidelines written for prairie dog colony mapping were used in this study to improve the

interpretation of prairie dog town edges at WICA (Appendix 11).

Map Validation

Before the accuracy assessment, a verification or map validation trip was taken in August 1998
to refine and assess the initial mapping effort. This trip included collecting additional
observation points and ground-truthing aerial photographs using landmarks and GPS waypoints.

Map classes were modified to reflect any inadequacies in the initial photointerpretation.

Digital Transfer

An ArcInfo(tm) (ESRI) GIS database was designed for WICA using the National Park GIS
Database Design, Layout, and Procedures created by the BOR (Appendix 12). This was created
through Arc Macro Language (AML) scripts that helped automate the transfer process and
ensure that all spatial and attribute data was consistent and stored properly. Actual transfer of
information from the interpreted aerial photographs to a digital, geo-referenced format involved
two techniques, scanning (for the vegetation classes) and on-screen digitizing (for the land-use
classes). Both techniques required the use of 14 digital black-and-white orthophoto quarter
quadrangles (DOQQ's) covering the study area (Appendix 13); supplied by the USGS.

The scanning technique used for WICA involved a multi-step process whereby mylar overlays,
with the interpreted line work, were scanned into digital form. The essential principle behind this
process was to match the scale and position of features on the photographs with the scale and
position of the same features on the DOQQ. This was accomplished by readjusting the scale of

the photography, shifting the origin of the photo, rotating the axes, and bending/warping
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(rubber-sheeting) the photo between known control points (tic marks) and origin and destination
points (links). The actual manipulation was conducted by computer program routines until the
adjustment was considered a good fit by the technician. Any remaining land-use classes that
were not already scanned were quickly transferred through on-screen digitizing. This process
entered the interpreted line work from the photos into the GIS database by manually drawing
digital lines over the DOQQ (using the mouse with the DOQQ on the computer screen as a
background image). Finally, the digitized line work transferred by both methods was connected,

and polygon attribute information was added to produce a completed digital coverage.

Transferred information was used to create vegetation polygon coverages and ancillary linear
coverages in ArcInfo(tm) for each WICA DOQQ. Attribute information including vegetation
map unit, location, and aerial photo number was subsequently entered for all polygons. All
spatial data for WICA and the processes used are described in the WICA Metadata (Appendix
15).

8. Accuracy Assessment

The accuracy assessment (AA) for the WICA vegetation map consisted of preliminary planning
and discussion, logistical planning, fieldwork, analysis of fieldwork, and computation of final
results. Preliminary planning involved BOR (responsible for developing the GIS spatial
database) and TNC (responsible for collecting the field AA data) personnel. After considerable
discussion, a modified accuracy assessment procedure was determined using the protocols

outlined in the Accuracy Assessment Procedures (TNC 1994).

The following guidelines for this procedure were adopted at this time:
e Observations of vegetation classes were to be ground-based.

e Ground sampling techniques were to be similar to the Observation Points collected
during initial classification.
e The number of samples per class would vary depending on abundance and size of

classified polygons.
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Logistical planning for the AA revolved around coordination of work schedules and division of
work areas within the Park. WICA personnel were briefed on the AA process and invited to
assist with data collection. The actual assessment was started as soon as preliminary vegetation
maps had been prepared and delineated polygons were available. Assessment was done within
Park boundaries and data points were not limited to the gradsects, but rather they were located
based on relative ease of access and time constraints. Selecting random AA sampling sites
beforehand was deemed unnecessary due to familiarity of the researchers with the vegetation

distribution at WICA.

Field staff were provided with two sets of preliminary vegetation maps by the BOR. The first
included labeled, colored polygons, which was used to select areas and polygons for sampling
(i.e. to ensure a sufficient number of sampling points per type). In the second set, polygons were
not colored, and were labeled only with unique identifiers or polygon identification numbers
(poly id#'s). A key listing UTM coordinates for the centrum of each polygon accompanied this
set of maps (Figure 13). Polygons and survey routes were chosen before going into the field,
using the colored, labeled maps. The UTM coordinates for those polygons were recorded, and
this list was taken into the field. In the field, investigators entered UTM coordinates into GPS
PLGR units, and navigated to assessment points, assisted at times by the uncolored vegetation
maps. The final point chosen for assessment was selected to be as representative as possible of

the vegetation in the immediate area, and well away from stand boundaries.

AA data, including limited habitat and vegetation data, was recorded on field forms to document
the classification decision made by the investigator (Appendix 7). This form was modified and
expanded from previous forms to include fields for additional community types found within 50
meters of the actual assessment point. Modifications were made to help accommodate several
types of difficult situations, such as AA points located in small inclusions, heterogeneous

polygons/stands, and GPS PLGR inaccuracies.

All AA data were collected from late September through the first week of December 1998. The
weather at this time was unusually warm and vegetation identifiable, although by November it

had become rather difficult to estimate shrub cover due to loss of foliage. Total data collected
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Wind Cave National Park: Mt. Coolidge quadrangle (se quarter)
X-Y Coordinates for Mt. Coolidge (se quarter) Vegetation Polygons
UTM ZONE 13, Datum NADS83
Poly Veg X-Coord Y-Coord Poly Veg  X-Coord Y-Coord
ID# Code ID#  Code
4 16 630,944 4,831,898 83 15 630,607 4,831,833
5 15 630,797 4,831,948 97 35 630,781 4,831,693
7 16 630,686 4,831,958 104 15 630,029 4,831,747
9 35 630,406 4,831,929 139 16 631,036 4,831,652
14 15 630,114 4,831,928 140 16 630,987 4,831,568
15 16 630,032 4,831,634 148 2 630,318 4,831,606
55 15 631,008 4,831,825 159 15 631,073 4,831,592
60 33 630,098 4,831,868 160 15 630,147 4,831,574
64 16 630,811 4,831,812 175 16 630,843 4,831,529
73 15 630,344 4,831,771 178 15 630,298 4,831,548
76 35 630,879 4,831,874 183 15 630,722 4,831,521
81 15 631,048 4,831,797
Figure 15. Portion of a preliminary WICA vegetation map and key used for Accuracy
Assessment.
Materials and Methods 28




USGS-NPS Vegetation Mapping Program
Wind Cave National Park

Legend
*  Accuracy Assessment Points
[ ] Pl.'ﬂjff'l Bl’lulﬁhll'll‘}' [ d .._ ":‘
L]
'
———— Park Boundary ::-'1 |
o I
. Roads e

-] L] 5 Miles
e ——

Figure 16. Map of the accuracy assessment locations sampled during summer and fall 1998.

came to 295 points (Figure 16), with more points collected within extensive types. AA points
were not collected for several map units since they were either too small, on inaccessible private

land, or the only known occurrence was already described by a plot or observation point.

Accuracy assessment of the WICA project area was conducted in February 1999. This involved
the plotting of all accuracy data points onto semi-clear vellum and overlaying these on final
vegetation maps. AA point numbers plotted alongside each point allowed for comparison with
accuracy assessment data forms. A contingency table was set up to record the reference data

(collected field data) versus the sample data (vegetation map) for each map unit.
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Errors of commission (i.e. user's errors) for each class were calculated by dividing the number of
correctly classified samples by the total number of samples that were classified as belonging to
that map class. Errors of omission (i.e. producer's errors) for each class were calculated by
dividing the number of samples that were classified correctly by the total number of reference
samples in that class. Confidence intervals for each map class were calculated using one of the

following methods depending on the normality and size of the data:

e For large sample sizes (n > 30), a normal distribution was assumed when

I)np (5andn (1-p) (5, and

2) 0.2 <p>0.8
where n = sample size and p = (number of correct samples / total number of samples)
(Zar 1984 and Hay 1979).

e For normally distributed map classes the confidence intervals were calculated using the
equations provided by Snedecor and Cochran (1967) in the Accuracy Assessment

Procedures (TNC 1994).

¢ When the normal approximation was not valid (as determined from the above criteria),
equations obtained from Zar (1984) were used to determine the lower and upper confidence

intervals.

e For map classes containing small numbers of accuracy assessment points (n ( 30), calculated
tables of probabilities based on the underlying binomial distribution (Natrella 1963) were

referenced for the upper and lower confidence limits.

Overall total accuracy for WICA was calculated across all sampled map classes by dividing the
number of correctly classified accuracy points by the total number of accuracy points.
Confidence intervals for overall total accuracy were calculated using the equation for normally
distributed data (see above). A Kappa Index (Foody 1992) was used to help account for any

correct classification due to chance.
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RESULTS

Vegetation Classfication and Characterization

The classification of vegetation for the WICA study area includes 28 community types
comprised of eight forest and woodland types, five shrubland types, ten herbaceous types and
five sparse vegetation types. The final classification is presented in Tables 2 and 3. A field key
and detailed type descriptions are included in Appendices 8 and 9. Many of the plant community
types sampled are typical of the ponderosa pine / prairie transition zone of the lower elevations
of the Black Hills and are well represented in the WICA study area. In fact, WICA has been
recognized as an exemplary site for Black Hills vegetation due to diversity, vegetation condition,
stand size and the relative intactness of the landscape including the presence of many natural or

simulated ecological processes (Marriott et al. Black Hills Community Inventory, in prep.).

In the study area, ponderosa pine forests and woodlands are most extensive in areas of higher
elevation in the western part. The most mesophytic of these types is ponderosa pine /
chokecherry forest, best developed on northerly aspects and on lower slopes near drainage
bottoms. Ponderosa pine / sunsedge (Figure 17), ponderosa pine / western wheatgrass and
ponderosa pine / little bluestem woodlands occur on a variety of slopes and aspects. The
ponderosa pine / little bluestem community is often the most extensive type on drier sites.
Boland Ridge (in the eastern part of the study area) also includes extensive pine cover, with the
more xerophytic community types well represented. Sizeable stands of ponderosa pine / common
juniper woodland are found only in the westernmost part of the study area, with only one stand
inside Park boundaries. This type is very common in higher elevations of the Black Hills to the

west and north.

Deciduous forests and woodlands generally are restricted to floodplains, drainage bottoms and
toeslopes, with a few scattered trees found elsewhere. The boxelder/chokecherry type is the most
common overall, occurring in drainages scattered throughout the Park. Other trees, such as
American elm, were locally abundant. Two floodplain types, plains cottonwood / western

snowberry woodland and green ash - American elm / western snowberry forest, are
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Table 2. Vegetation classification for WICA. Types are grouped into physiognomic classes.

Elcodes are included in the first column.

NVCS Association

Common Name

Hardwood Forests and Woodlands

CEGLO000628 Acer negundo / Prunus virginiana Forest
CEGLO002082 Fraxinus pennsylvanica - Ulmus americana
/ Symphoricarpos occidentalis Forest

CEGLO000660 Populus deltoides / Symphoricarpos occidentalis

Woodland

Coniferous Forests and Woodlands

CEGLO000849 Pinus ponderosa / Carex inops ssp. Heliophila Woodland
CEGLO000188 Pinus ponderosa / Pascopyrum smithii Woodland

CEGL000201 Pinus ponderosa / Schizachyrium scoparium Woodland
CEGLO000859 Pinus ponderosa / Juniperus communis Woodland

CEGLO000192 Pinus ponderosa / Prunus virginiana Forest

Shrublands

CEGLO001086 Cercocarpus montanus / Bouteloua curtipendula

Shrubland

CEGLO001394 Juniperus horizontalis / Schizachyrium scoparium

Dwarf-shrubland
CEGLO001108 Prunus virginiana Shrubland

CEGLO001131 Symphoricarpos occidentalis Shrubland [Provisional]

CEGLO001173 Salix bebbiana Shrubland

BOX ELDER/CHOKECHERRY FOREST
ASH - ELM/WOLFBERRY FOREST

COTTONWOOD/WOLFBERRY - WESTERN ROSE
FLOODPLAIN

PONDEROSA PINE/SEDGE WOODLAND
PONDEROSA PINE/WESTERN WHEATGRASS
WOODLAND

PONDEROSA PINE/LITTLE BLUESTEM WOODLAND
PONDEROSA PINE/COMMON JUNIPER WOODLAND
PONDEROSA PINE/CHOKECHERRY FOREST

MOUNTAIN MAHOGANY/SIDE-OATS GRAMA
SHRUBLAND

CREEPING JUNIPER/LITTLE BLUESTEM DWAREF-
SHRUBLAND

CHOKECHERRY SHRUBLAND

WOLFBERRY SHRUBLAND

BEAKED WILLOW SCRUB
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Table 2. (continued)

Herbaceous Vegetation, upland

CEGLO001681 Schizachyrium scoparium — Bouteloua (curtipendula
gracilis) - Carex filifolia Herbaceous Vegetation

CEGLO002037 Stipa comata - Bouteloua gracilis - Carex filifolia
Herbaceous Vegetation

CEGLO001583 Pascopyrum smithii - Nassella viridula Herbaceous
Vegetation

CEGLO002205 Andropogon gerardii - Schizachyrium scoparium
Northern Plains Hillslope Herbaceous Vegetation

CEGLO003081 Poa pratensis Herbaceous Vegetation

not yet coded Aristida purpurea — Dyssodia papposa Herbaceous
Vegetation
not yet coded Introduced Weedy Graminoid Herbaceous Vegetation

Herbaceous Vegetation, riparian/wet meadow

CEGLO001833 Eleocharis palustris Herbaceous Vegetation

CEGLO001477 Spartina pectinata - Carex spp. Herbaceous Vegetation

CEGLO005263 Western Great Plains Streamside Vegetation
Sparse Vegetation

CEGLO002055 Pinus ponderosa Limestone Cliff Sparse Vegetation
CEGL002295 Black Hills Rock Outcrop Sparse Vegetation
CEGLO002294 Shale Barren Slope Sparse Vegetation
CEGL005261 Redbeds (Silt/sandstone) Sparse Vegetation

NORTHERN GREAT PLAINS LITTLE BLUESTEM
PRAIRIE

NEEDLE-AND-THREAD - BLUE GRAMA
MIXEDGRASS PRAIRIE

WESTERN WHEATGRASS - GREEN NEEDLEGRASS
MIXEDGRASS PRAIRIE

NORTHERN PLAINS BIG BLUESTEM PRAIRIE

KENTUCKY BLUEGRASS HERBACEOUS
VEGETATION

Purple Three-awn - Fetid Marigold Herbaceous Vegetation
PRAIRIE DOG TOWN GRASSLAND COMPLEX

CREEPING SPIKERUSH WET MEADOW
PRAIRIE CORDGRASS - SEDGE WET MEADOW
WESTERN GREAT PLAINS STREAMSIDE
VEGETATION

PONDEROSA PINE LIMESTONE CLIFF
BLACK HILLS ROCK OUTCROP
SHALE BARREN SLOPES

REDBEDS
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Table 3. Vegetation classification for WICA. Types are arranged by ecological groups following the Black Hills Community
Inventory (Marriott ef al. in prep.). Elcodes are included in the first column.

NVCS Association

Common Name

Dry Coniferous Forests and Woodland

CEGLO000849 Pinus ponderosa / Carex inops ssp. heliophila Woodland PONDEROSA PINE/SEDGE WOODLAND

CEGLO000188 Pinus ponderosa / Pascopyrum smithii Woodland

CEGL000201 Pinus ponderosa / Schizachyrium scoparium Woodland

Mesic Coniferous Forests and Woodlands
CEGLO000859 Pinus ponderosa / Juniperus communis Woodland
CEGLO000192 Pinus ponderosa / Prunus virginiana Forest

Dry Plains Shrublands

CEGLO001086 Cercocarpus montanus / Bouteloua curtipendula
Shrubland

CEGLO001394 Juniperus horizontalis / Schizachyrium scoparium
Dwarf-shrubland

Mesic Plains Shrublands
CEGLO001108 Prunus virginiana Shrubland

Dry Mixedgrass Prairies

CEGLO001681 Schizachyrium scoparium — Bouteloua (curtipendula,
gracilis) - Carex filifolia Herbaceous Vegetation

CEGLO002037 Stipa comata - Bouteloua gracilis - Carex filifolia
Herbaceous Vegetation

PONDEROSA PINE/WESTERN WHEATGRASS
WOODLAND
PONDEROSA PINE/LITTLE BLUESTEM WOODLAND

PONDEROSA PINE/COMMON JUNIPER WOODLAND
PONDEROSA PINE/CHOKECHERRY FOREST

MOUNTAIN MAHOGANY/SIDE-OATS GRAMA
SHRUBLAND

CREEPING JUNIPER/LITTLE BLUESTEM DWAREF-
SHRUBLAND

CHOKECHERRY SHRUBLAND

NORTHERN GREAT PLAINS LITTLE BLUESTEM
PRAIRIE

NEEDLE-AND-THREAD - BLUE GRAMA
MIXEDGRASS PRAIRIE
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Table 3. (continued)

Mesic Mixedgrass Prairies

CEGLO001583 Pascopyrum smithii - Nassella viridula Herbaceous
Vegetation

CEGL002205 Andropogon gerardii - Schizachyrium scoparium
Northern Plains Hillslope Herbaceous Vegetation

CEGLO003081 Poa pratensis Herbaceous Vegetation

Prairie Dog Town Grassland Complex
not yet coded Aristida purpurea — Dyssodia papposa Herbaceous
Vegetation

Introduced Weedy Graminoid Herbaceous Vegetation
not yet coded Introduced Weedy Graminoid Herbaceous Vegetation

Black Hills Sparse Vegetation

CEGL002055 Pinus ponderosa Limestone Cliff Sparse Vegetation
CEGL002295 Black Hills Rock Outcrop Sparse Vegetation
CEGLO002294 Shale Barren Slope Sparse Vegetation
CEGL005261 Redbeds (Silt/sandstone) Sparse Vegetation

not yet coded Recent Burn Sparse Vegetation

Plains Riparian Forests and Shrublands
CEGLO000628 Acer negundo / Prunus virginiana Forest
CEGLO002082 Fraxinus pennsylvanica - Ulmus americana
/ Symphoricarpos occidentalis Forest
CEGL000660 Populus deltoides / Symphoricarpos occidentalis
Woodland
CEGLO001131 Symphoricarpos occidentalis Shrubland [Provisional]

WESTERN WHEATGRASS - GREEN NEEDLEGRASS
MIXEDGRASS PRAIRIE
NORTHERN PLAINS BIG BLUESTEM PRAIRIE

KENTUCKY BLUEGRASS HERBACEOUS
VEGETATION

Purple Three-awn - Fetid Marigold Herbaceous Vegetation
PRAIRIE DOG TOWN GRASSLAND COMPLEX

PONDEROSA PINE LIMESTONE CLIFF
BLACK HILLS ROCK OUTCROP
SHALE BARREN SLOPES

REDBEDS

BOX ELDER/CHOKECHERRY FOREST
ASH - ELM/WOLFBERRY FOREST

COTTONWOOD/WOLFBERRY - WESTERN ROSE
FLOODPLAIN
WOLFBERRY SHRUBLAND
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Table 3. (continued)

High Elevation Riparian Forests and Shrublands
CEGLO001173 Salix bebbiana Shrubland

Riparian/Wet Meadow Herbaceous Vegetation

CEGLO001833 Eleocharis palustris Herbaceous Vegetation
CEGLO001477 Spartina pectinata - Carex spp. Herbaceous Vegetation
CEGLO005263 Western Great Plains Streamside Vegetation

BEAKED WILLOW SCRUB

CREEPING SPIKERUSH WET MEADOW

PRAIRIE CORDGRASS - SEDGE WET MEADOW

WESTERN GREAT PLAINS STREAMSIDE
VEGETATION
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Figure 17. Ponderosa pine with a mixed graminoid understory dominated by sun sedge.

present but are primarily located on private lands in the southeast and were not accessible for
survey. However, data was collected for a very small cottonwood stand in the northeast portion
of the Park. Aspen and paper birch forests were surveyed in the northwest part of the study area
on US Forest Service lands, but only scattered small patches and individual trees are found

within the Park boundaries.

Four shrubland types are recognized for the study area. Extensive mountain mahogany / side-oats
grama shrublands occur in areas underlain by the Minnekahta limestone in the central part of
WICA and small scattered stands are found elsewhere. Western snowberry shrubland occurs in
drainage bottoms and draws. It is a common type in draws of grasslands in the eastern part of the
Park. The chokecherry shrubland is also frequently found in these draws, although often on
slightly more mesic sites, such as the head of the draw or around rock outcrops. The two types

may blend extensively in these situations. Three-leaved sumac is often present or actually
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dominates many of the chokecherry stands and is also found as scattered patches on grassy
slopes. Leadplant stands occurred in several grassland types, typically on slopes. Some of the
best examples were found on uppermost slopes just below the summits of the broad benches in
the northeast portion of the Park. Leadplant is not classified as a separate vegetation type (it was
treated as a shrubby phase of several mixedgrass prairie types), but large stands above the

minimum mapping unit were mapped.

One high-elevation riparian shrubland type occurs in the study area. A stand of beaked or Bebb's
willow shrubland was sampled along a stream in the northwestern part of the project area,
outside of the Park. This represents by far the most common riparian shrub type of higher

elevations in the Black Hills (Marriott ef al. Black Hills Community Inventory, in prep.).

Seven upland herbaceous vegetation types were included in the classification. The most
mesophytic is the big bluestem - little bluestem herbaceous vegetation. This type is highly
variable depending on the season's moisture. It typically occurs as large stands on steep rocky
(cobbly) slopes of the broad benches in the northeast part of the Park and on rocky slopes on
Boland Ridge. The cobbly talus may actually serve as a local aquifer allowing the big bluestem
to thrive in these areas. Scattered stands were also observed throughout the Park and big

bluestem was observed in other grassland types as well.

The western wheatgrass - green needlegrass and Kentucky bluegrass herbaceous vegetation types
are common throughout the Park. The two types appear to occupy very similar habitats: flat to
gently sloping areas of better soil development. On less favorable sites, two other types are
found. Little bluestem - grama grass vegetation occurs on well developed, moderate-to-steep
slopes often underlain with less developed silty to gravelly soils. Large stands of needle-and-
thread - blue grama herbaceous vegetation occur on summits of broad benches in the northeast

part of the Park, typically on rocky microsites, such as summit margins (Figure 18).
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OV R

photo by H. Marriott

Figure 18. A needle-and-thread - blue grama grassland on a small hill with a high proportion of
leadplant.

Two herbaceous types were newly created for this project. The purple three-awn - fetid marigold
herbaceous vegetation ( Prairie Dog Town Grassland Complex) is a type created to classify the
vegetation occurring in prairie dog towns. Purple three-awn is often locally dominant both in the
study area, and in other parts of the Black Hills. However, dominance varies locally as would be
expected in this highly disturbed habitat. Big-bract verbena and fetid marigold are two of the
more consistently present and common species. The Introduced Weedy Graminoid type is found
throughout the Black Hills. This type includes stands of introduced graminoids growing on

disturbed sites. The most common species are smooth brome, japanese brome and cheatgrass.

The diverse riparian vegetation occurring along many of the streams and wet meadows in the
study area was classified using three riparian/wet meadow herbaceous types. Other types could
have been included but these only occurred as small patches, which is typical for riparian types.
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The prairie cordgrass - sedge community is found around seeps, springs and along slow-moving
shallow streams. Cordgrass is not always present, and some stands could have been classified as
Nebraska sedge communities if they were larger. A stand of pale spikerush herbaceous
vegetation was found and sampled in a shallow pond within a large prairie dog town. The
Western Great Plains Streamside Vegetation community is well developed along stretches of
Highland and Beaver Creeks and is widespread at lower elevations throughout the Black Hills

(Marriott pers. obs.).

Five sparse vegetation types are recognized for the study area. The Black Hills Rock Outcrop
type (granites and schists) is found predominately in the northwest corner of the study area with
much smaller outcrops in the Park. The Ponderosa Pine Limestone Cliff type occurs as small
limestone outcrops associated with some of the larger streams in the central part of the Park.
Redbeds Sparse Vegetation lies on small, badland-like exposures of the red Spearfish Formation
in the Red Valley. Gypsum lenses are usually interspersed with this type. The Shale Barren
Slope type is found in the outermost Hogback Rim region of the Black Hills, east of Boland
Ridge. All exposures of this type within the study areas are privately owned and not accessible
for survey. The Recent Burn sparse vegetation type was developed for this project. It includes
recently burned stands, usually ponderosa pine, where the fire was sufficiently hot to kill most of
the vegetation. Species composition was variable, consisting of early, often weedy and exotic,

invaders such as Canada thistle (Cirsium arvense).

Vegetation Map Production

Map units

Thirty-eight map classes were recognized and used for WICA (Table 4). These were divided
into 32 vegetation and geology units and six Anderson Level II (Anderson et al. 1976) land-use
classes. These were developed through a combination of fieldwork, preliminary photo

interpretation, and the NVCS vegetation association classification for WICA. Deviations from
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Table 4. Map Units for WICA and corresponding NVCS classes.

Map Code Map Unit Elcode NVCS Association

Hardwood Forests and Woodlands

40 Plains cottonwood / Western snowberry Woodland CEGL000660 Populus deltoides / Symphoricarpos occidentalis
Woodland

41 Boxelder / Chokecherry Forest CEGL000628 Acer negundo / Prunus virginiana Forest

42 Bur oak Stand (No corresponding class, Park Management Concern)

43 Green ash - American elm / Western snowberry Forest CEGLO002082 Fraxinus pennsylvanica - Ulmus americana /

Symphoricarpos occidentalis Forest

44 Birch - Aspen Stand (No corresponding NVCS class, Park Management Concern)

Coniferous Forests and Woodlands

45 Ponderosa pine Woodland Complex I (75%-100% cover) CEGLO000859 Pinus ponderosa / Juniperus communis Woodland
CEGLO000849 Pinus ponderosa / Carex inops ssp. heliophila
Woodland
CEGLO000188 Pinus ponderosa / Pascopyrum smithii Woodland

49 Young Ponderosa pine Dense Cover Complex (No corresponding NVCS, Park Mangement Concern)
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Table 4. (continued).

46

Ponderosa pine / Little bluestem Woodland

CEGLO000201 Pinus ponderosa / Schizachyrium scoparium
Woodland

47

Ponderosa pine / Chokecherry Forest

CEGLO000192 Pinus ponderosa / Prunus virginiana Forest

30

Mountain mahogany / Side-oats grama Shrubland |
(15%-50% cover)

Shrublands

CEGLO001086 Cercocarpus montanus / Bouteloua curtipendula
Shrubland

31 Mountain mahogany / Side-oats grama Shrubland II CEGLO001086 Cercocarpus montanus / Bouteloua curtipendula
(50%-100% cover) Shrubland

32 Leadplant Shrubland (No corresponding NVCS class, Park Management Concern)

33 Chokecherry Shrubland CEGLO001108 Prunus virginiana Shrubland

12 Chokecherry Shrubland (with burned ponderosa pine) (Same NVCS class as above, Park Management Concern)

34 Beaked willow Shrubland CEGLO001173 Salix bebbiana Shrubland

35 Western snowberry Shrubland CEGLO001131 Symphoricarpos occidentalis Shrubland

[Provisional]
36 Creeping juniper / Little bluestem Dwarf-shrubland CEGLO001394 Juniperus horizontalis / Schizachyrium

scoparium Dwarf-shrubland
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Table 4. (continued).

Herbaceous Vegetation, upland

15 Little bluestem - Grama grass - Threadleaf sedge
Herbaceous Vegetation

CEGLO001681 Schizachyrium scoparium — Bouteloua
(curtipendula gracilis) - Carex filifolia
Herbaceous Vegetation

11 Little bluestem - Grama grass - Threadleaf sedge
Herbaceous Vegetation (with burned ponderosa pine)

(Same NVCS classes as above, Park Management Concern)

16 Western wheatgrass - Kentucky bluegrass Complex

CEGLO001583 Pascopyrum smithii - Nassella viridula
Herbaceous Vegetation

CEGLO003081 Poa pratensis Herbaceous Vegetation

CEGL002205 Andropogon gerardii - Schizachyrium scoparium
Herbaceous Vegetation

13 Western wheatgrass - Kentucky bluegrass Complex
(with burned ponderosa pine)

(Same NVCS class as above, Park Management Concern)

17 Introduced Weedy Graminoid Herbaceous Vegetation

(not yet coded) Introduced Weedy Graminoid Herbaceous
Vegetation

18 Needle-and-thread - Blue grama - Threadleaf sedge
Herbaceous Vegetation

CEGLO002037 Stipa comata - Bouteloua gracilis - Carex filifolia
Herbaceous Vegetation

1 Purple three-awn - Fetid marigold Herbaceous Vegetation

(not yet coded) Aristida purpurea - Dyssodia papposa
Herbaceous Vegetation
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Table 4. (continued).

Herbaceous Vegetation, riparian/wet meadow

14 Emergent Wetland Complex

CEGLO001833 Eleocharis palustris Herbaceous Vegetation

CEGLO001477 Spartina pectinata - Carex ssp. Herbaceous
Vegetation

CEGL005263 Western Great Plains Streamside Streamside

2 Ponderosa pine Limestone Cliff Sparse Vegetation

Sparse Vegetation

CEGLO002055 Pinus ponderosa Limestone Cliff Sparse
Vegetation

3 Redbeds Sparse Vegetation

CEGLO005261 Redbeds (Silt/sandstone) Sparse Vegetation

4 Black Hills Rock Outcrop Sparse Vegetation

CEGL002295 Black Hills Rock Outcrop Sparse Vegetation

5 Shale Barren Slope Sparse Vegetation

CEGL002294 Shale Barrens Slopes Sparse Vegetation

6 White Sedimentary Rock Outcrop

(no corresponding NVCS class)

7 Bison Wallows

(no corresponding NVCS class, Park Management Concern)

Results

44




USGS-NPS Vegetation Mapping Program
Wind Cave National Park

the NVCS occurred when distinct photo signatures could not be discerned from aerial
photography. This was the case for some of the dense ponderosa pine types and grassland types.
Also, new map units that did not correspond to the NVCS types were used to provide more detail
on vegetation deemed important for WICA’s management needs. Finally, some map classes
were added to explain certain geologic formations supporting sparse vegetation or which were
devoid of vegetation. These included the shale barren slopes sparse vegetation and white

sedimentary rock outcrop classes.

The ponderosa pine / common juniper, ponderosa pine / western wheatgrass, and ponderosa pine
/ sun sedge types could not be separated from each other on the aerial photography. This was
largely due to the thick canopy of ponderosa pine masking any distinctive understory signature
that might be present. Further, the intermingling of these types on various slopes, aspects, and
topographic positions made predictive modeling impossible. After preliminary interpretation it
was decided that accurate mapping of these 3 types would require the use of modified map units.
The result was to create two ponderosa pine complexes based on canopy closure. Ponderosa
pine complex I includes all stands with 75%-100% canopy closure, i.e. where the pine appeared
on the photography as dense stands. Ponderosa pine complex II includes stands of pine that had

a canopy of 15-75%.

A major management concern of the Park is the location and size of young, dense stands of
ponderosa pine trees, commonly referred to as “doghair” stands. Since height of the pine trees
could be observed on the aerial photography, a dense young age class was created to separate
young “dog-hair stands from more mature, dense stands. This map unit did not correspond to an
NVCS class but the understory of this type ranges from barren needles and duff, to sporadic

common juniper, to small pockets of sun sedge.

For mapping purposes, the western wheatgrass - green needlegrass and Kentucky bluegrass types
were combined into the western wheatgrass — Kentucky bluegrass herbaceous complex. This
was largely a result of finding Kentucky bluegrass intermingled with western wheatgrass to some
degree throughout the prairie regions of WICA. Separating these two on the aerial photography

proved to be impossible. Large pockets of lead plant also occur within the Kentucky bluegrass
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and western wheatgrass — green needlegrass types. These situations are viewed as local
variations of the herbaceous types but are important for the Park’s management. To address this

condition a separate lead plant map unit was created.

Other Park management concerns include the location of rare deciduous trees and bison wallows.
This led to the creation of bur oak stand, aspen-birch stand, and bison wallow map units. These
types were not large enough to be sampled at WICA and are not included on the NVCS
classification. However, individual deciduous trees and bison wallows could easily be observed
on the aerial photography and readily separated from the surrounding vegetation. Additional
reference material supplied by the Park helped locate these types accurately (Smith 1978). All
three of these map units usually occur below the ’2 hectare minimum mapping unit but are

included on the maps as small polygons rather than points.

Recent burns within the ponderosa pine forests were readily observable on aerial photography.
The resulting seral vegetation was identified as belonging to either the chokecherry shrubland,
western wheatgrass — Kentucky bluegrass herbaceous vegetation, or little bluestem - grama grass
types (Figure 19). To provide more detailed information on these types, separate map units were

created that indicate when these type occur in burned ponderosa pine stands.

Aerial Photograph Interpretation

A brief description of each map unit (map code), their location in the project area, and photo

signature characteristics follows:

Plains Cottonwood / Western Snowberry Woodland (40) mapping unit occurs exclusively along

some of the major streams and drainages in the project area; especially in the southeastern
portion along Beaver Creek. The presence of large plains cottonwood trees occurring within a
floodplain or riparian corridor is characteristic of this class. The understory is composed of

various shrubs and grasses including snowberry, chokecherry, and western wheatgrass. On the
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photo by D. Cogan
Figure 19. A burned ponderosa pine slope now supporting mixed graminoids.

aerial photos, cottonwood crowns appear as large pink, coarse circles or ovals with a rough,
pebbly texture. This class is separated from other riparian, deciduous woodlands due to the very

large size of cottonwood crowns and overall canopy height (Figure 20A).

Boxelder / Chokecherry Forest (41) is common along the perennial and intermittent streams

throughout the project area. The photo signature is a bright red to pink color with a coarse
texture due to the height and canopy diameter of the trees. This class may mask or cover other

wetland, stream, shrub, or grass classes (Figure 20B).

Bur Oak Stand (42) mapping unit occupies the South Fork of Lame Johnny Creek in Custer State
Park and along Reeves Gulch within WICA. The photo signature is almost identical to the
boxelder / chokecherry class, however individual bur oak trees often appear smaller and more
discrete. Field verification of polygon borders was necessary for accurate mapping of this class

(Figure 20C).
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Green Ash - American Elm / Western Snowberry Forest (43) unit is rare within the project area

and is only found in the southeast corner and within small enclosures of WICA. This class
contains some of the same species and the photo signature is almost identical to the boxelder /

chokecherry forest map unit (Figure 20D).

Birch - Aspen Stand (44) is a rare class within the WICA project area, restricted to forested

uplands in the northern portion. Aspen and birch usually occur within or adjacent to one of the
ponderosa pine classes. On aerial photos, aspen and birch trees give identical signatures of a
deep, bright red that contrasted with the brown pine signature (Figure 20E).. This type is
distinguished from other deciduous classes based on topographic position and location. Whereas
the other deciduous types are restricted to floodplains and riparian corridors, aspen and birch

stands occur on slopes, benches, valley bottoms, and along the margins of floodplains.

Ponderosa Pine Woodland Complex I (45) includes all forested areas with an approximate

ponderosa pine crown density of 75%-100%. Included within this type are ponderosa pine / sun
sedge, ponderosa pine / western wheatgrass, and ponderosa pine / common juniper associations.

Understory signatures for this class are usually absent and soils supporting this type are typically
thin with rock outcrops. On aerial photos, this category appears as a continuous, pebbled, brown

layer with little if any color signature variation (Figure 21A).

Ponderosa Pine Woodland Complex II (48) includes forested areas with a probable ponderosa

crown density of less than 75% but greater than 15%. Included within this type are ponderosa
pine / sun sedge, ponderosa pine / western wheatgrass, and ponderosa pine / common juniper
associations. Areas where ponderosa pine encroach onto deep, loamy soils are representative of
this class. On aerial photos, this category appears as brown pebbles over a smooth red to pink
undertone (Figure 21B). Areas that are in close proximity to grazed or disturbed grasslands are

often completely dominated by Kentucky bluegrass yielding a bright red understory signature.

Young Ponderosa Pine Dense Cover Complex (49) unit includes all areas that were recently

reforested by ponderosa pine (roughly <20 years old). Young ponderosa pine usually form
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Figure 20. Representative photo-signatures for the deciduous tree map units.
(all photography by Horizons, Inc. 1997).

A) Plains Cottonwood / Western Snowberry B) Boxelder / Chokecherry Forest
Forest

C) Bur Oak Stand | D) Green Ash - American Elm /
Western Snowberry Forest

E) Birch-Aspen Stand
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large, dense (dog-hair) stands next to older pine classes and/or burned areas. Mountain
mahogany often occurs in close proximity to this class (especially along Wind Cave Canyon)
making it difficult to discern. This class appears as small, brick red stipples between gray/pink
grass signatures and brown mature pine signatures. Usually a fine network of drainages dissects

this class as observed on aerial photography (Figure 21C).

Ponderosa Pine / Little Bluestem Woodland (46) unit includes forested areas with a probable
ponderosa crown density of less than 75% but greater than 15%. The semi-open to open canopy
of this class supports an understory of grasses and sparse shrubs. Gravelly and sandy soils in
these areas typically support little bluestem. On aerial photos, this category appears as brown

pebbles over a light gray to white undertone (Figure 21D).

Ponderosa Pine / Chokecherry Forest (47) includes forested areas with a probable ponderosa

crown density of less than 75% but greater than 15%. This class occurs in mesic areas such as
forested drainages and north-facing slopes (probably representing an ecotone or a transition from
dry woodlands to mesic grasslands/ shrublands). The photo signature for this class is relatively

complex with brown pebbles and rough-textured bright red blotches (Figure 21E).

Mountain Mahogany / Sideoats Grama Shrubland I (30) is present along steep, dry, south-facing

slopes throughout the Minnelusa foothills and especially the Wind Cave Canyon portion of the
project area. Mountain mahogany cover on aerial photography ranges from 50% to less than
15%. Sideoats grama and little bluestem are the dominant grass species occurring in and around
this type. Mountain mahogany appears as small, red-pebbled dots against a white to gray

background on the aerial photography (Figure 22A).

Mountain Mahogany / Sideoats Grama Shrubland II (31) occurs along steep, north-facing slopes

throughout the Minnelusa foothills and especially the Wind Cave Canyon portion of the project
area. Mountain mahogany cover on the aerial photography ranges from about 100% - 50%
(Figure 22B). Sideoats grama and little bluestem are the dominant grass species (Figure 23).

Dense mountain mahogany appears as coarse, red, grainy blotches on the aerial photography
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Figure 21. Representative photo-signatures for the ponderosa pine map units.
(all photography by Horizons, Inc. 1997).

B) Ponderosa Pine Woodland Complex II
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Figure 21. (continued).

E) Ponderosa Pine / Chokecherry Forest
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Lead Plant Shrubland (32) mapping unit occurs on some of the grassy slopes and knolls

throughout the project area. This class is difficult to distinguish from the surrounding
grassland types due to its short stature and the presence of a grass understory. The photo
signature varies in color based on the grass component but usually contains some small pink to

gray stipples (Figure 22C).

Chokecherry Shrubland (33) occurs throughout the project area on mesic slopes and drainages,

along draws and deep swales, and on rocky soils. On slopes, three-leaved sumac shrubs are
often present within this map unit and appear as dense circular blotches, bright red in color. Pure
chokecherry stands give a similar red signature but occur in more linear or oval patterns. This
class exhibited some height when viewed under stereo-magnification that allowed it to be

separated from the western snowberry class (Figure 22D).

Chokecherry Shrubland (with burned ponderosa pine) (12) is identical to the above chokecherry

class except that it occurs within burned ponderosa pine trees. The major species are various
deciduous shrubs with a bright pink or red signature. Charred ponderosa pine stumps and

standing dead trees are also observable, especially under magnification (Figure 22E).

Beaked Willow Shrubland (34) unit represents a limited riparian shrubland that exists only in the

northwest portion of the study area along perennial streams. The photo signatures for this class

are very bright red, linear ovals that exhibit a somewhat coarse texture (Figure 22F).

Western Snowberry Shrubland (35) is very common throughout the project area in mesic swales,

draws, and drainages. The photo signature for snowberry varies slightly from red to pink and
occurs as small blotches or linear "fingers". This class is distinguished from the 3-leaved sumac

- chokecherry type by the lack of height under stereo-magnification (Figure 22G).

Creeping Juniper / Little Bluestem Shrubland (36) mapping unit is extremely rare in the project
area. This class only occurs in two known locations. The aerial photo signature is nearly

indistinguishable from the surrounding vegetation (Figure 22H).
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Figure 22. Representative photo-signatures for the shrub map units.
(all photography by Horizons, Inc. 1997).

1

B) Mountain Mahogany / Sideoats Grama C) Lead Plant Shrubland
Shrubland 1T

D) Chokecherry — Three-leaved Sumac Shrubland
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Figure 22. (continued).

F) Beaked Willow Shrubland

G) Western Snowberry Shrubland

-
=

H) Creeping Juniper / Little Bluestem Dwarf-shrubland
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Figure 23. An example of the dense mountain mahogany map unit occurring on a
north-facing slope at WICA.

Emergent Wetland Herbaceous Complex (14) is used to map the limited herbaceous wetlands

occurring within the project area. This class exhibits typical wetland signatures consisting of a
pure dark blue to black color in open water, dark blue to black with red stipples in the emergent
zone, and bright red for vegetation occurring along the margins (Figure 24A). Wetlands are
identified and mapped to the extent of the associated vegetation. An “open water” mapping unit
is used to classify any deep pools or flowing water devoid of vegetation

(Note: Small creeks, streams, and drainages are mapped as linear wetland features).

Little Bluestem - Grama Grass - Threadleaf Sedge Herbaceous Vegetation (15) typically occurs

on sparse to barren gravelly slopes and knolls throughout the project area. The grama grass
component consists of both side-oats grama and blue grama. The photo signature varies slightly
from a smooth bright white to a smooth dull gray. A lack of photosynthetic activity and/or the
presence of dead material likely causes these unique colors. This class is mapped to the extent of

its characteristic barren or dull signature (Figure 24B).
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Little Bluestem — Grama Grass - Threadleaf Sedge Herbaceous Vegetation (with burned

ponderosa pine) (11) occurs throughout burned forested regions of the project area. This type is

often found on tops of hills and mountains where the soils are gravelly and rocky. Little
bluestem and side-oats grama are the dominant plant species and rock outcrops are usually
associated with this type. On aerial photos, charred ponderosa pine stumps and standing dead
trees are readily observed as small black “toothpicks”. The background signature is a pale,

rough white (Figure 24C).

Western Wheatgrass - Kentucky Bluegrass Complex (16) mapping unit represents the western

wheatgrass - green needle grass and Kentucky bluegrass herbaceous vegetation types. This
mapping unit is found throughout the project area on mesic loamy to clayey soils. The photo
signature for this class ranges from olive green, to blue green, to light pink in color resulting

from a combination of soil depth, moisture, grazing activity, and associated species (Figure

24D).

Western Wheatgrass - Kentucky Bluegrass Complex (with burned ponderosa pine) (13) is found

throughout burned-forested regions of the project area. This is the most common of the burned
classes and corresponds to the dominance of various grasses and sedges. The aerial photo
signature for this type varies from a smooth bright red to a rough pink depending on topographic
position and moisture availability. Charred ponderosa pine stumps and standing dead trees are

always present (Figure 24E).

Introduced Weedy Graminoid Herbaceous Vegetation (17) represents the few introduced

grassland components within the project area. Smooth brome, cheatgrass, and Japanese brome
are the chief species and are currently restricted to road rights-of-way, heavily disturbed areas,
and agricultural fields. Both grasses, when dominant, grazed, and/or mown give a mottled

signature consisting of yellows, pinks, and reds. (Figure 24F).

Needle-and-thread - Blue Grama - Threadleaf Sedge Herbaceous Vegetation (18) unit occurs

sparingly at WICA, increasing towards the northeast corner where it occupies cobbly, broad

benches. This class likely corresponds to increased grazing pressure and/or a reduction in soil
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moisture. The photo signature for this type is difficult to distinguish from little bluestem,
although it tends to be darker in color (Figure 24G).

Purple Three-awn - Fetid Marigold Herbaceous Vegetation (1) mapping unit occurs in the

grassland portions of the project area, occupying broad drainages, swales, terraces, and very
gentle slopes. This type usually contains more forb cover and much less graminoid cover than
the other herbaceous types. The photo signature always consists of small white stipples (prairie
dog burrows) interspersed among various disturbed grassland signatures. Bison wallows and
pocket gopher mounds may have given similar signatures but usually lack the corresponding
disturbed grassland colors and small interconnecting trails. This class is mapped up to the

obvious border of the undisturbed native grasslands (Figure 24H).

Ponderosa Pine Limestone Cliff Sparse Vegetation (2) is used sparingly to characterize the

limestone cliffs and bluffs present in valleys along some of the major streams at WICA. This
unit typically includes some sparse ponderosa pine and patches of shrubs and graminoids among
limestone outcrops. The photo signature for this type is bright white with some small brown dots

caused by high reflectance and the presence of a few ponderosa pine trees (Figure 25A).

Redbeds Sparse Vegetation (3) mapping unit is used exclusively in the Red Valley region of

WICA. This type corresponds to the red erosion faces occurring on some of the steeper hill
slopes. Vegetation occurring on these formations is usually sparse, and includes both graminoids

and various forbs. These areas appeared as smooth, dark yellow, almost barren, slopes (Figure
25B).

Black Hills Rock Outcrop Sparse Vegetation (4) is found in the northwest corner (CCA region)

of the project area. These areas are characterized by large prominent rock outcrops, ridges, and
similar formations. Some ponderosa pines are present as are associated stands of aspen and
birch. The gray granite and schist rocks appears fractured (small cracks) on the aerial

photography (Figure 25C).
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Figure 24. Representative photo-signatures for the herbaceous map units.
(all photography by Horizons, Inc. 1997).

F

A) Emergent Wetland Herbaceous Complex

C) Little Bluestem - Grama Grass / Threadleaf Sedge Herbaceous Vegetation (with burned
ponderosa pine)
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Figure 24. (continued)

D) Western Wheatgrass - Kentucky Bluegrass Herbaceous Complex

E) Western Wheatgrass - Kentucky Bluegrass Herbaceous Complex (with burned ponderosa
pine)

F) Introduced Weedy Graminoid Herbaceous Vegetation
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Figure 24. (continued)

G) Needle-and-thread - Blue Grama / Threadleaf Sedge Herbaceous Vegetation

H) Purple three-awn / Fetid marigold Disturbed Vegetation
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Shale Barren Slope Sparse Vegetation (5) mapping unit is located in the eastern portion of the

environs outside the WICA boundary. This type is common on drainage slopes that are subject
to water erosion. On the aerial photography, shale outcrops appear absolutely barren except for
some wetland pockets in the lowest areas and are characterized by a dark blue signature (Figure

25D).

White Sedimentary Rock Outcrop (6) is used to address the unique geologic formations in the

southern portion of the project area. Layers of white siltstone, sandstone, gypsum, and limestone
occur here as caps on a large number of rolling hills and mounds. These appear to be almost

completely devoid of vegetation and reflect a bright white photographic signature (Figure 25E).

Bison Wallows (7) are common in the grassland portions of this study. These correspond to

disturbed areas used by bison as mineral licks and wallows. Wallows are usually small and
interconnected by a network of many small trails. The signature for this type is apparent on

aerial photography as dark yellow to light green circles or ovals (Figure 25F).

Transportation, Communications, and Utilities (51) land use class represents U.S., state, and

other major highways, parking lots, disturbed powerline right-of-ways, and old railroad rights-of-
way. Within WICA and surrounding public lands, this class is bounded primarily by native
vegetation. In these instances, this map unit is restricted to the road surface or disturbed “core”
area. In the remaining areas, the entire disturbed corridor is used as the mapping boundary
where road-cuts, mowing, or other maintenance regularly occurs. Paved concrete surfaces on the
aerial photographs reflect white, except where black patching occurred. Disturbed areas usually
have a multi-colored mottled signature sharply contrasting with adjacent native vegetation

(Figure 26A). (Note: Two-track roads and trails are mapped as linear features).

Mixed Urban or Built-up Land (52) corresponds to WICA facilities, developed land, and the

town of Pringle, SD. This unit contains many possible photo signatures representing buildings,

lawns, bare ground, and storage areas (Figure 26B).
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Figure 25. Photo-interpretive key to the sparse vegetation classes.
(all photography by Horizons, Inc. 1997).

s

A) Ponderosa pine Limestone Cliff
Sparse Vegetation

C) Black Hills Rock Outcrop D) Shale Barren Slopes Sparse
Sparse Vegetation Vegetation

E) White Sedimentary Rock Outcrop F) Bison Wallows

Results 63




USGS-NPS Vegetation Mapping Program
Wind Cave National Park

Croplands and Pastures (53) land use class occurs in the project environs outside of WICA.

Pastures and fields usually exhibit regular boundaries on relatively flat land, becoming more
irregular in floodplains. This class contains various photo signatures ranging from bright red to
dull green depending on whether the land is used for hay production, seeded, or fallow. Linear

crop-lines are often present on the aerial photography (Figure 26C).

Other Agricultural Lands (55) within the project boundary include homesteads, ranch-sites,
corrals, barnyards, and other high-use rural areas. The photo signature for these sites varies from
a multi-colored mottled signature to a bright pinkish red. Regular fence lines and access roads

are often present (Figure 26D).

Open Water (57) corresponds to standing water devoid of any observable vegetation. This
includes wide streams, rivers, sewage pools, and deep ponds. The reflectance is often a smooth,
blue to black color depending on turbidity and depth. Certain sun angles increase the reflectivity

yielding pure white to gray colors (Figure 26E).

Strip Mines, Quarries, and Gravel Pits (59) map unit class represent areas in the mapping project

where the soil and underlying material has been removed and drastically disturbed. These areas
appear on the aerial photographs as dark pits or highly reflective rock out-crops. Access roads

and dirt/rock piles are usually present (Figure 26F).

Digital Transfer

Vegetation coverages were created in ArcInfo™ (ESRI, Inc.) for each quarter quadrangle of the
WICA study area. A list of quarter quadrangles can be found in Appendix 13. Total area and
number of polygons per map unit were generated for each quarter quadrangle. The grand total of

polygons and area for the entire study can be found in Table 5.
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Figure 26. Photo-interpretative key for land-use map units.
(all photography by Horizons, Inc. 1997.)

;\‘\\

A) Transportation, Communications,
and Utilities

C) Croplands and Pastures D) Other Agricultural Lands

E) Open Water F) Strip Mines, Quarries, and
Gravel Pits
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Table 5. Total area (meters® / 4046.9acres/m” / 2.471 acres/hectare) and number of polygons per
mapping unit. The map codes are described in Appendix 10.

Map WICA Environs Total

Unit Hectares Polygon Hectares Polygon Hectares Polygon
1 530.9 44 330.1 29 861.0 73
2 11.6 36 18.2 40 29.8 76
3 27.7 75 40.9 70 68.6 145
4 4.1 25 90.5 289 94.6 314
5 0 0 70.8 58 70.8 58
6 65.1 182 204.5 352 269.6 534
7 4.0 78 0.3 4 4.3 82
11 40.4 64 116.3 86 156.7 150
12 4.4 13 81.4 36 85.8 49
13 152.3 261 372.1 109 524.4 370
14 10.2 84 44.2 244 54.4 328
15 1896.8 1767 2363.1 2733 4259.9 4500
16 4328.7 1010 6417.9 1771 10,746.6 2781
17 2.7 15 37.1 56 39.8 71
18 89.3 11 197.0 46 286.3 57
30 153.0 121 425.5 146 578.5 267
31 41.4 50 146.4 125 187.8 175
32 130.2 71 3205 20 162.7 91
33 198.3 287 502.9 485 701.2 772
34 0 0 7.9 35 7.9 35
35 328.1 785 429.9 1287 758.0 2072
36 0.1 2 0 0 0.1 2
40 1.3 26 514 164 52.7 190
41 31.3 120 118.4 285 149.7 405
42 0.3 4 14.2 13 14.5 17
43 0 0 11.6 24 11.6 24
44 2.4 5 42.0 134 44.4 139
45 322.1 111 2392.1 299 2714.2 410
46 1110.2 552 3114.1 1100 42243 1652
47 262.2 224 738.6 469 1000.8 693
48 1404.4 615 3106.2 1173 4507.0 1788
49 162.0 171 833.3 373 995.3 544
51 543 18 199.7 29 254.0 47
52 15.2 38 62.0 54 77.2 92
53 54 2 1739.0 227 1744.4 229
55 0 0 112.1 92 112.1 92
57 1.4 6 26.7 90 28.1 96
59 0 0 41.4 38 41.4 38

Total 11,391.8 6873 24,528.7 12,585 35,920.5 19,458
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Accuracy Assessment

The percentage of the Park that an individual map unit covered was reflected in the number of
AA collected for that unit. For example, the western wheatgrass — Kentucky bluegrass (map
class 16) had a final area of 4278.7 hectares within the Park and 64 AA points, whereas the
ponderosa pine limestone cliff sparse vegetation (map code 2) had only 11.4 hectares and one
AA point. Nine of the map units were not assessed due to a variety of reasons relating to their

small size, accessibility, or lack of abundance. These include the following:

1. Black Hills Rock Outcrop Sparse Vegetation. This unit only occurs within WICA below

the 2 hectare minimum mapping unit.

2. Shale Barren Slopes Sparse Vegetation. This unit only occurs on inaccessible private

land in the eastern environs.

3. Introduced Weedy Graminoid Herbaceous Vegetation. Only one relatively inaccessible
large site occurs within the project area. An observation point already represented this

arca.

4. Mountain Mahogany / Sideoats Grama Dense Shrubland. On the ground, dense stands of
mountain mahogany could not be identified from sparse stands by the researchers.
Density is easier to determine from the aerial photographs. For the purposes of AA, this
unit was combined with the mountain mahogany / sideoats grama shrubland mapping

class.

5. Beaked Willow Shrubland. This unit does not occur in WICA and was already

represented by a sample plot.

6. Plains Cottonwood / Western Snowberry Forest. This unit occurs as small stands below

the minimum mapping unit and mainly outside of WICA.
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7. Bur Oak Stand. Only one very small stand occurs within WICA and it was not
considered large enough to be a separate vegetation association. An observation point

already represented this area.

8. Green Ash — American Elm / Western Snowberry Forest. This mapping unit is usually
below the minimum mapping unit or intermingled with the boxelder / chokecherry forest

mapping unit. The majority of this type was observed on private land outside of WICA.

9. Birch — Aspen Stand. This unit occurs as very small stands below the minimum mapping

unit and is not considered large enough to be considered a vegetation association.

The majority of the remaining 23 map units ranged in accuracy from 100% to around 50%
correct (both omission and commission error), yielding an overall total accuracy across all

classes of 73.0% and a Kappa index of 69.8% (Table 6).

Wi N

A PR AN

photo by H. Marriott

Figure 27. Bison grazing on western wheatgrass and green needlegrass at WICA.
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Table 6. Contingency table for the WICA vegetation mapping accuracy assessment.

Reference Data (Accuracy Assessment Class) Total | Comission 90% Confidence
Map Unit 1 2 3 4 5 6 7 11 12 13 14 15 16 17 18 30- 32 33 34 45 36 | 40 41 42 | 43 | 44 45 46 47 48 49 N Error Interval
Code 31 % Correct - +
1 6 6 100 65.5 100
2 1 1 100 10.0 100
3 1 1 100 10.0 100
4 0 NA - -
5 0 NA - -
S 6 1 1 6 8 12.5 1.3 41.8
A 7 1 1 100 10.0 100
m 11 1 2 2 5 20.0 21 62.1
P 12 0 NA - -
L 13 1 8 10 80.0 50.0 94.5
E 14 1 1 100 10.0 100

15 24 10 2 1 37 65.0 49.9 80.1
D 16 4 45 1 51 88.0 78.1 94.8
A 17 0 NA - -
t 18 1 2 3 66.7 19.6 96.5
A | 30-31 7 1 8 87.5 58.2 98.7
32 1 3 10 14 71.4 42.2 86.9
(M 33 2 3 10 1 16 62.5 38.1 81.1
A 34 0 NA - -
p 35 2 2 11 15 73.3 50.0 87.8
36 1 1 100 10.0 100
C 40 0 NA - -
L 41 1 3 4 75.0 32.0 97.4
A 42 0 NA - -
S 43 0 NA - -
s) 44 0 NA - -
45 5 5 100 62.1 100
46 1 1 i 6 1 22 59.1 39.3 76.4
47 1 1 8 9 1 20 40.0 22.1 63.3
48 1 1 3 1 48 1 55 87.3 77.4 93.9
49 1 4 5 80.0 37.9 97.9
Total N 6 1 2 0 0 1 1 2 2 11 1 37 64 0 4 12 10 14 0 13 1 0 3 0 0 0 5 17 10 65 7 289
Omission
Error

% Correct 100 | 100 | 50 |[NA|NA|100]100] 50 0.0 | 727 | 100 | 64.9 | 70.3 [NA| 50 58.3 | 100 | 71.4 |NA | 84.6 | 100 | NA| 100 | NA|NA|NA| 100 [76.5 80 73.8 | 57.1
90% Confidence
Interval

65.5 | 10 | 5.1 - - 10 | 10 | 541 0 423 | 10 | 498 | 59.6 | - | 143 | 294 | 778 | 422 | - | 621 | 10 - 1464 | - - - | 62.1 |56.8 50 | 63.6 | 27.9
+ 100 | 100 | 949 | - - 1100 | 100 | 94.9 | 68.4 | 89.5 | 100 | 80 81 - | 857 | 816 | 100 | 869 | - | 958 | 100 | - 100 | - - - 100 189.3 945 | 84 83

OVERALL TOTAL ACCURACY =73.0%
OVERALL KAPPA INDEX = 69.8% |
OVERALL TOTAL ACCURACY 90% LOWER AND UPPER CONFIDENCE INTERVAL = + 776 % - 68.4 %
I(Omission and Commision errors were calculated using total accuracy) | l | (Map Units 30 and 31 were combined for the A.A. since shrub density was not recorded on the reference data.)
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DISCUSSION

Wind Cave National Park lies on an interface between the Northern Great Plains grasslands and
the Black Hills ponderosa pine forests. The geology and topography of this region creates an
ever-changing landscape mosaic of plant associations. This presents challenging vegetation
classification, photographic interpretation, and digital transfer needs that were met and addressed
in the USGS-NPS National Park vegetation mapping effort. Final accuracy for the vegetation
map reflects the time and effort required to understand and appreciate the complex nature of

WICA's vegetation.

Vegetation Classification and Characterization

Most of the vegetation found in the Wind Cave study area was classified using existing
community types for the Black Hills. In a few cases, new types were created. All of the newly

described types occur outside the study area as well, but were not described prior to this project.

Not all ponderosa pine stands found in the project area were easily classified, but the challenges
encountered were not unexpected. Many workers have described ponderosa pine forests and
woodlands of the Black Hills as being difficult to classify into discreet species assemblages.
Types found in more extreme habitats (e.g. most mesic or most xeric) tend to be more consistent
in terms of species composition and habitat characteristics. This situation also was found in the
Wind Cave study area. Ponderosa pine / chokecherry forest was perhaps the most consistent
pine type in terms of habitat characteristics (mesic), although the composition of the shrub
stratum was quite variable in some areas. Ponderosa pine / little bluestem woodland is the most

consistent pine type in terms of composition, and is usually found on the most xeric pine sites.

Vegetation Map Production

The USGS-NPS vegetation mapping projects are designed to produce both a vegetation
classification and a set of map units. Typically the systems are very similar, but sometimes there
is not a strict one-to-one correspondence between the two. Photographic interpretation centers
around the ability to accurately and consistently delineate map units based on complex
signatures. Vegetation characteristics that can be seen on aerial photography are not necessarily
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the same as those apparent on the ground and vice versa. Effective field work and map
verification work aided enormously in developing the map units and discerning the inherit

variability of each photographic signature.

The final mapping scheme for WICA contains 5 basic elements:
a) NVCS associations represented by an unique photo-signature, e.g. western snowberry

shrubland,

b) multiple NVCS associations that together are represented by unique signature, e.g.
western wheatgrass - Kentucky bluegrass herbaceous complex,

c) stands of vegetation that were not addressed by the NVCS but are seen as management
concerns for WICA and could be recognized on the aerial photography, e.g .
birch-aspen stands and young ponderosa pine (doghair) stands,

d) wildlife associated units that were also identified as management concerns, e.g. Bison
wallows,

e) geologic formations and land-use classes that were not addressed by the NVCS.

Crown density of ponderosa pine and mountain mahogany is also an important factor in the
development of map units. For example, two distinct density classes of mountain mahogany
shrubland were recognized on the aerial photography relating to north vs. south-facing slopes.
However, researchers could see no clear distinction on the ground, especially with regards to
species composition. WICA personnel determined that this was important information from a
management standpoint, therefore two mountain mahogany map units were interpreted and
mapped. The opposite situation was encountered in ponderosa pine stands. Community types
distinguishable on the ground (based on species composition and understory structure) could not
be recognized on aerial photos due to canopy cover. As a result, the three NVCS classes found
in these situations were merged into a ponderosa pine complex. Again to provide additional
information for the Park, this class was divided based on density as observed on the aerial

photography.

The sheer amount and variability of grassland signatures made them difficult to distinguish and
consistently interpret. Environmental factors such as grazing pressure (especially in the

environs), moisture gradients, presence and density of forbs/shrubs, and soil diversity result in
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several photographic signatures for each grassland unit. It was apparent early in this study, that
Kentucky bluegrass could not be effectively separated from western wheatgrass. This is largely
because both species are cool season, sod-forming grasses that occur in the same topographic
positions. Therefore a western wheatgrass - Kentucky bluegrass complex mapping unit was
created. Another grassland type that presented similar challenges is the needle-and-thread - blue
grama / threadleaf sedge herbaceous vegetation association. This type is confined to a few dry
plateaus and ridges within WICA and on some grazed areas in the environs. Here the photo
signature is very similar to that of the little bluestem - grama grass / threadleaft sedge herbaceous
vegetation type. Rather than combining the two, this type was primarily interpreted from the
aerial photography using field notes and sample sites of known locations. Finally, some of the
grassland slopes at WICA support large stands of leadplant. This shrub type is not considered
widespread or typical of the region and is not listed in the NVCS. However at the urging of Park
personnel, an attempt was made to interpret and map the leadplant type based on location and

slope even though photographic signature were vague.

Prior vegetation mapping projects at other NPS sites in the Black Hills have shown that
interpreting ponderosa pine types can be very difficult. Canopy closure, shadows, past forest
fires, and logging/thinning can all cause situations where unique photographic signatures are
either indistinguishable or extremely disordered. This uncertainty was addressed at WICA by
using a stepwise photo interpretive process that sorted the pine types by canopy closure,
understory signature, topographic positions, and slope/aspect. Initially, it was determined that
the understory below ponderosa pine stands with greater than 80% canopy closure could not be
distinguished. Instead, tree height was used to separate dense young (< 20 year old) ponderosa
pine dog-hair stands from more mature (> 20 year old) thick stands. The second step was to
match the undertone colors present on the aerial photography with NVCS classes. Field
reconnaissance was used to match the red-pink understory colors with various graminoids
(western wheatgrass, Kentucky bluegrass, oatgrasses, sun sedge, etc...), bright red to shrubs
(mainly chokecherry), and pale white-blue to little bluestem (on the color infrared aerial
photography). Finally, slope and aspect was used to predict understories of chokecherry along

gentle to slightly steep north-facing slopes, and along forested drainageways.
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Using the above interpretative processes and methods ordered the map units well, but still
resulted in some photo interpretation discrepancies. Various factors dealing with the
physiognomy of the vegetation caused some confusion in interpreting photographic signatures.
For example, both the chokecherry and the ponderosa pine / chokecherry map units were
assessed at relatively low accuracy. Tall forbs and poison ivy are both relatively common at
WICA and are similar in height and morphology (e.g. broad leaf) to chokecherry. These
characteristics caused areas dominated by either one to appear as chokecherry on the color
infrared photography. Further, the timing of the accuracy assessment collection (Sept-Nov. 1998)
may have resulted in these deciduous species being relatively inconspicuous and/or absent from

the data collection.

Seasonal changes from the time of the aerial photography (June 1997) to the collection of
accuracy assessment data (September-November 1998) also results in a change in dominance
(with respect to foliar cover) from cool season to warm season grasses. For example, little
bluestem is a warm season bunch grass that is somewhat innocuous in the spring but gradually
changes to very prominent clumps of reddish - brown stems in the fall. The aerial photography
records spring phenology where western wheatgrass and Kentucky bluegrass are the dominant
actively growing plants, which would also be readily observable on the ground. Floristic
composition changes in the fall, as areas with little bluestem become more pronounced. The
distinctness of little bluestem at this time may cause an observer to classify it out of proportion to
its actual dominance; especially if the litter layer is not examined for Kentucky bluegrass or
western wheatgrass. Further review of WICA's seasonal plant phenology may be needed to

ensure consistent sampling and classification at different times within the growing season.

Digital transfer and registration of information from aerial photographs to a spatial database
proved to be a challenging task for WICA. This was largely due to the complex and intricate
line work needed to delineate each photograph. To guarantee transfer of all the line work,
scanning and multiple transformation processes using landmarks as controls were used for each
aerial photograph overlay. Other transfer processes such as on-screen or zoom transfer received
discussion and/or experimentation. However, these were either considered too time consuming

or insufficient for the needs of this project. Scanning and multiple geographic transformations
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efficiently produced digital polygons across the entire project area. Further editing and quality
checking of the digital polygons created borders that tightly bounded corresponding features on
the digital ortho-photo quarter quad (DOQQ) base map.

Ten map units were assessed at or near the 80% accuracy standard. These included the
following (map codes): 1, 2, 7, 14, 32, 35, 36, 41, 45, 48 (Table 4). For the most part, these units
correspond to associations or complexes that were either easily recognized on the aerial
photography or occurred on predictable landscape locations. Eight map units were not assessed
for accuracy due to their relative small size and inaccessibility. These classes covered only 10
hectares in WICA and represented less than 0.1% of WICA's total acreage. Map units that were
lower in accuracy tended to be those not extensively sampled due to their rarity or were those
that tended to intermingle along a broad ecotone. The assessment of accuracy for this project
involved the basic comparison of vegetation polygons overlain with datapoints. GPS error
(around 5 meters on average), DOQQ base-map error (approximately 10 meters), and data
recording inconsistencies between different researchers were not factored into the assessment.
Similarly 28 accuracy points considered to be in error with the map data had the correct map unit
listed as occurring within a 50-meter radius. Further investigation using these factors could yield

additional map accuracy increasing it to approximately 88%.

Some map units, although below the 80% accuracy, should be accepted as representative of their
inherent variability. These include the ponderosa pine / little bluestem woodland (59.1% correct
commission 76.5% correct omission, respectively) ponderosa pine chokecherry forest (40.0%,
80.0%), and little bluestem - grama grass / threadleaf sedge herbaceous vegetation (65.0%,
64.9%). These types often occur intermingled with other types forming large heterogeneous
areas. To combine these with other classes would result in a reduction of map detail and a loss

of potentially useful data.

Other map units with low accuracy lend themselves to be merged into larger, more accurate
classes without a significant loss of information. These include 1) white sedimentary rock
outcrop (map code 6), which could be combined with redbeds sparse vegetation (map code 3) in

the confines of the Red Valley geographic formation where it occurs as a true rock outcrop.
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Outside of the Red Valley, field research determined the vegetation on these sites to be
sufficiently dense and consistent with little bluestem -grama grass / threadleaf sedge herbaceous
vegetation. 2) The burned ponderosa pine / sparse vegetation class (map code 11) could readily
be merged with the burned ponderosa pine / mixed shrubland (map code 12) yielding a new
burned ponderosa pine / shrub-forb map unit at 100% accuracy. This would make sense from an
ecological perspective since both were considered early seral associations by the researchers. 3)
Needle-and-thread - blue grama / threadleaf sedge herbaceous vegetation map unit lends itself to
be merged with either western wheatgrass - Kentucky bluegrass complex or little bluestem -
grama grass / threadleaf sedge mapping unit depending on a thorough review of the floristic data.
All three of these suggestions could be made using relatively straightforward GIS and database

procedures and by themselves would increase initial overall total map accuracy to approximately

78%.

Recommendations for Future Projects

Several recommendations for future mapping projects have come out of the experience gained at
WICA. It is strongly recommended that future mapping projects begin fieldwork with a
reconnaissance step involving observation point data collection from a large number of points.
This type of sampling is conducted relatively fast, and allows investigators to become familiar
with plant communities and their variability in the study area. Following this step, representative
stands within gradsects can be selected for more detailed vegetation plots. Data collected for
observation points also supplements vegetation plot data in preparing community descriptions

and provides an interim assessment of accuracy useful for photo-interpretation.

Developing two compatible classification systems (plant communities and map units) has proven
to be challenging, not just at Wind Cave, but at other Parks in the Black Hills as well. It is
important for users of the map that the two classifications be as similar as possible. At the
beginning of future projects, more emphasis should be placed on developing a protocol for
communication between photo-interpreters and field ecologists. A preliminary vegetation
classification and an initial photo-signature classification with delineated polygons (at least for

part of the study area) should be available early so that compatibility problems can be addressed.
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Appendix 1.

Average Monthly Precipitation Values for Hot Springs, SD.
Comparisons of 1997 values with the last 3, 5, 10, 15, and 50 year averages.

(Summarized from National Weather Service (NWS) and monthly precipitation data.)
(website: http://www.ncdc.noaa.gov/ol/climate/online/coop-precip.html).
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el T
== 19751997
o 1SR 1857

—a— 15951997
—a— 1957

Average in Inches

Ja Feb Mtar A May Jun Jul Aug Sep Gt N D
Months

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1947-1997 0.33 0.44 0.77 1.56 291 3.02 2.61 1.43 128 095 041 0.34
1973-1997 0.32 0.46 0.88 1.74 3.01 2.75 279 1.75 127 1.16 0.49 0.36
1988-1997 0.26 0.55 0.87 1.69 3.62 3.05 3.12 1.91 1.25 125 0.35 0.36
1993-1997 0.43 0.69 0.79 2.14 3.57 3.48 3.46 250 1.10 1.82 0.09 0.49
1995-1997 0.24 0.64 0.66 239 496 3.26 3.86 2.45 1.28 133 0.07 0.33
1997 - 070 0.38 2.70 3.85 4.67 805125 048 1.12 0 0.11

[I3A)

indicates no average recorded for that month
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Appendix 2.

Average Monthly Precipitation Values for Custer, SD.
Comparisons of 1997 values with the last 3, 5, 10, 15, and 50 year averages.

(Summarized from National Weather Service (NWS) and monthly precipitation data.)
(website: http://www.ncdc.noaa.gov/ol/climate/online/coop-precip.html).
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b 19471997

e 19TER9ET

15861957

= 1993000

—e— 1951957
—— 1957

Average in Inches

dan Feby Bar Apr ety Jun dut Aug Sep Cxt Ho Dt
Months

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
1947-1997 036 0.55 0.95 1.86 3.39 345 2.88 2.12 1.35 1.02 0.51 0.44
1973-1997 0.30 0.67 1.06 1.95 3.55 3.13 3.15 230 1.51 1.38 0.61 0.55
1988-1997 0.17 0.76 1.38 1.90 3.93 3.04 2.72 238 1.58 1.72 0.64 0.40
1993-1997 0.19 0.95 0.97 2.12 423 3.78 2.61 3.04 1.71 2.53 0.48 0.37
1995-1997 0.04 092 - 215 545 3.59 2.83 421 1.88 238 0.16 0.16
1997 - - - 229 333 - 430 411 221 086 0.02 0.32

S

indicates no average recorded for that month




USGS-NPS Vegetation Mapping Program
Wind Cave National Park

Appendix 3.

Average Monthly Precipitation Values Collected at Wind Cave National Park.
Comparisons of 1997 values with ’96, 95, °94, °93, °92, °91, and 90 values.

(Summarized from National Weather Service (NWS) and monthly precipitation data.)
(website: http://www.ncdc.noaa.gov/ol/climate/online/coop-precip.html).

82




USGS-NPS Vegetation Mapping Program

Wind Cave National Park

Average in Inches

Year
1990
1991
1992
1993
1994
1995
1996
1997

Jan Feb

Jan Feb Mar Apr

0.12 1.11 0.46 2.52
0.24 0.40 2.13 0.88
1.41 2.01

0.38

0.17 0.71 0.92

1.56

1.24

2.20

0.26 3.00

IS

May Jun Jul Alg
Months

s

May Jun Jul Aug Sep Oct

- - - 074
6.05 3.13 1.451.30
4.10 3.70 4.851.42
1.99 6.55 5.272.39
1.13 1.61 2.213.59
6.54 113 2.44 2.25
434 1.85 1.01 2.06
4.09 2.79 6.10 2.35

1.21
0.82
0.55
1.52
0.84
242

2.18

0.69
1.36
0.52
1.82
4.76
1.51
2.25
0.84

indicates no average recorded for that month

Mov Dec
Nov Dec
- 0.44
- 0.01
- 0.82
040 0.94
0.29 -
- 0.74
0 0.14

—+— 1330
—=— 1891

w18

=198
—— 193
—e— 1955
—— 1995
—— 1947
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Appendix 4.
Major Soil Map Units and Descriptions for Wind Cave National Park.

(Summarized from: Soil Survey of Custer and Pennington Counties, Black Hills Parts,
South Dakota (Ensz 1990); Soil Survey of Custer and Pennington Counties,
Prairie Parts, South Dakota (Nielsen 1996)).
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Code Soil Name

Soil Description

Rock

Vegetation

Physiographic
Features

BeB Barnum-Winetti

BdA Barnum
BrA Bullfat
BrB Bullfat

BsB  Bullfat-Cordeston

BtE Buska-Mocmount-Rock
outcrop

BuE Buska-Rock outcrop

BvC  Buska-Virkula

BwE Butche-Rock Outcrop

CcE  Canyon-Bridget

CdF  Canyon-Rock outcrop

CxC Cordeston-Winetti
CvB Cordeston

CwB Cordeston-Marshbrook

GuC  Gurney-Butche

GvD Gypnevee-Rekop-Rock outcrop

HeE Heely
HfC  Heely-Cordeston
HgB  Hilger
HgD  Hilger

HmE Hilger-Metre

HtG  Hopdraw-Sawdust-Rock
Outcrop

MhA  Marshbrook

MnC Metre-Norrest

MtE  Mocmont-Rock outcrop
NaC Navee

NcE Navee-Gullied land

complex, 0-6%

very fine sandy loam, 0-3%

silt loam, 0-3%
silt loam, 3-6%
silt loams, 2-9%

complex, 10-40%
complex, 10-40%
loams, 2-15%
complex, 9-60%
complex 9-25%
complex 15-60%

complex, 2-9%
loam, 2-10%

loams, 0-6%

complex, 2-9%
complex, 6-15%
channery loam, 9-30%
complex, 6-15%

cobbly loam, 0-6%
cobbly loam, 6-40%
complex, 10-40%

complex, 40-80%
loam, 0-3%

complex, 2-9%
complex, 10-40%
channery loam, 6-15%
complex, 6-40%

gr granite, schist
schist, granite

Sstone

gr-br L-Sstone
shale

red-white alabaster

br L-Sstone ledges

gr granite (domes)

native grasses, thin stands of Pipo

native grasses
native grasses
native grasses
native grasses and limited trees

Pipo (70 s.i.)

Pipo (70 s.i.) Scsc, Rhtr

Pipo (70, 72 s.i.) native grasses
Pipo (34 s.i.)

native grasses

native grasses

native grasses clusters of trees
native grasses (hardwoods)

native grasses (wetlands)

native grasses
native grasses with sparse Pipo
native grasses
native grasses

native grasses,encroached by Pipo
native grasses,encroached by Pipo
native grasses and scattered Pipo

Pipo (30, 45 s.i.), tall shrubs, Jusc

native grasses (wetlands)

native grasses
Pipo (65 s.i.)

native grasses
native grasses

RV and LP (low areas)

RV (terraces and floodplains)
LP

LP

CCA (meadows) and LP

CCA

CCA (Mt. sideslopes)

CCA (smooth slopes, ridges)
D. Hogback (Mts.)

D. Hogback (uplands)

D. Hogback (uplands)

LP (low areas)

CCA (floodplains Mt.
meadows)

CCA (floodplains Mt.
meadows)

D. Hogback (Mt. prairies)
RV (uplands)

CCA (Mt. prairies)

CCA (Mt prairies upland
swale)

RV (high terraces) and LP
RV (high terraces) and LP
RV (uplands)

LP (southern part)

CCA (floodplains in Mt.
valleys)

RV (upland meadows)
CCA (Mt. slopes)

RV (terraces and alvl. fan
RV (low terraces, swales)
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NfE
NnE
PaE
PbD
PcD
RhD
RfE
RiG
RkG
RmG
RnG

RsF
ShD
SpE
SrE
SwE
SxaE
SxbF
TfB
TfC
TpC
VcE
VKE
VoG

WtB
ZnD

Nihill-Zigweid
Norrest-Fairburn-Metre
Pactola-Virkula-Rock outcrop
Paunsaugunt-Gurney
Paunsaugunt- Rock outcrop
Rock outcrop - Butche
Rekop-Gypnevee-Rock outcrop
Rock outcrop - Pactola

Rock outcrop-Mocomont
Rock outcrop-Rekop

Rock outcrop - Sawdust

Rockoa - Rock outcrop
Satanta-Canyon
Sawdust-Hopdraw-Paunsaugunt

Sawdust-Vanocker-Paunsaugunt

Shirttail
Spearfish-Nevee
Spearfish-Rock outcrop
Tilford

Tilford
Tilford-Paunsaugunt
Vanocker-Citadel
Vanocker-Lakoa
Vanocker-Sawdust-Rock
outcrop

Winetti

Zigweid-Nihill

complex, 15-50%
complex, 9-40%
complex, 10-40%
complex, 2-15%
complex, 6-30%
complex, 2-25%
complex, 15-40%
complex, 40-80
complex, 40-80%
complex, 40-80%
complex, 40-80%

complex 25-60%
loams, 6-15%
complex, 10-40%
complex, 10-40%
channery loam, 10-40%
silt loam 9-30%,
complex, 25-60%
silt loam, 2-6%
silt loam, 6-15%
complex, 6-9%
complex, 10-40%
complex, 10-40%

complex, 40-80%
cobbly loam, 2-10%
complex, 6-15%

gray metamorphic

br-pink Lstone.
Sstone

pink-white gypsum
gr metamorphic

gr granite
pink-white gypsum
br Lstone

red Sstone

Sstone (shale)

red sil